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HIGH PERFORMANCE SORPTION BINDER FOR GAS 

PHASE STORAGE DEVICES 

HELD OF THE INVENTION 

5 	The invention relates to the use of high performance thermoplastic polymer 

binder materials for immobilizing adsorptive materials for gas storage devices. The 

use of these new binders, especially fluoropolymers or polyamide binders, provides a 

porous solid having a high adsorbent packing density, low binder fouling of 

adsorbent, and maximizes the volume of gas to the volume of the storage space. 

10 

BACKGROUND OF THE INVENTION 

Adsorbed gas storage provides an advancement in the temporary storage of 

gaseous materials that overcome obstacles related to high pressure systems 

commercially used today to compress gases. 

15 	Gases such as noble gases, 02, N2, hydrocarbons, and other small gas 

molecules are used in many markets including, but not limited to, industrial, 

automotive, pharmaceutical, food, beverage, electronics, etc. Specific applications 

include concentrated medical oxygen, industrial desiccants, portable and residential 

liquefied petroleum gas (LPG), stranded gas flares, kerosene burners, cook stoves, 

20 	compressed natural gas (CNG), and many others. 

The storage and transport of said gases are typically in vessels where high 

pressures are used to condense or even liquefy the gas to utilize the greatest 

concentration safely possible with in an occupied volume. The pressurization process 

results in unwanted and excessive costs due to the energy and infrastructure 

25 	requirements. In addition, there is a limitation in storage containment geometry to 

safely store and transport the gas; resulting in limitations of storage designs. 

The technology to convert low bulk density sorbent powder into an 

immobilized higher density block using a thermoplastic binder is well known for 

filtration applications. It is widely believed that high surface area sorption materials 

30 	formed into high density compacted structures can achieve the economic storage 

volume needed for gases. The use of binder materials developed takes the 
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immobilization technology even further, providing higher packing densities and better 

manufacturing productivity, while maintaining the sorbents highest performance. The 

resulting devices made from the combination of the manufactured immobilized block 

by specific formulations of thermoplastic binder and adsorption media allows very 

5 high volume storage of gas per volume of device, but at a much lower pressure 

needed compared to liquefying and compressed gas technologies widely used today. 

US 4,999,330 describes the needs and challenges for the high-density 

adsorbent used in ANG systems. The efficiency of the system depends on the level of 

surface area of the adsorbent, the density of the packing of the sorbent, the physical 

10 stability of the 3-D structure, and the level of fouling of the adsorbent. 

For a given mass of a solid, the adsorption is proportional to the surface area 

of the solid. This is generally maximized by using an adsorbent containing macro-, 

micro-, and nano-pores, as often described for activated carbons. High surface area 

activated carbon is the adsorbent typically used in high density adsorbent structures. 

15 The packing density is also very important. The more adsorbent in a given 

volume, the more gas can be adsorbed and stored. One drawback of loose carbon 

packed into a storage tank is that it produces a high level of void space. Adsorbent 

material that is pressed into less space (known as densified) provides more adsorbent 

potential. 

20 Loose carbon also has a disadvantage in that it can move and settle by 

vibration of an adsorption storage system during use, producing powdering and 

reduction of the adsorbent volume. 

The US 4,999,330 reference solves the above limitations by forming a methyl 

cellulose or polyvinyl alcohol binder solvent solution, coating high surface area 

25 carbon particles with the binder solution, followed by removing the solvent and 

compressing the binder-coated particles to cause a bulk volume reduction of 50 to 

200%. The '330 system suffers from its complexity and many steps. It also involves 

coating the entire activated carbon particles — which blocks many of the micropores — 

this fouling reducing the amount of surface area available for adsorption. Some of the 

30 pores can be pre-filled with solvent which can later be removed by heat to unblock 

many of the pores, however the net effect of a full coating is a large reduction in 

active surface area. 
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Carbon block filters are described in US 5,019,311, US 5,147,722, and US 

5,331,037, uses an extrusion process to produce a porous article containing bound 

active particles, such as activated carbon, bound together by a thermoplastic binder. 

The carbon block filter is designed to remove contaminants from a fluid stream — such 

5 as in the purification of water. The polymer binder, which is generally a 

polyethylene, is used at a high level. 

US 6,395,190 describes carbon filters and a method for making them having a 

15 to 25 weight percent of a thermoplastic binder. The problem with polyethylene 

and other typical binders is that high loading percentages are required to adequately 

10 hold the adsorbent materials together. Poor fouling resistance is also a problem 

Poly(vinylidene fluoride) as a binder for a porous block article, has been found 

to improve the carbon block article performance by providing effective binding at 

lower loading — which in turn opens more of the surface area of the active sorbent 

agent, and providing even greater efficiency. 

15 Examples of such composite porous solid articles, as well as methods for 

producing them, are described for example in WO 2014/055473 and WO 

2014/182861, the entire disclosures of each of which are incorporated herein by 

reference for all purposes. These articles use polyvinylidene fluoride or polyamide 

binders, rather than the polyethylene binders previously used for carbon block 

20 filtration articles. 

There is a need to improve the volume of gas that can be stored in a given 

volume of container space (vivo), to improve the economics of this technology. 

Surprisingly it has now been found that a high v/vo  can be obtained in a gas 

storage article using low levels of polyvinylidene fluoride or polyamide binders with 

25 activated carbon or active carbon fibers, formed by an extrusion of compression 

molding process. The low levels of binder used have little negative effect on the ratio 

of activated adsorbent volume to container volume. Further, the low binder volume 

leads to improved permeability compared to lower density binders. Improved 

permeability increases the rate of adsorption and desorption of the stored gas from the 

30 porous solid storage article. 	In addition to providing a solid adsorption article having 

a high density packing, low level of binder volume, the solid porous adsorbent 

structure of the invention also show excellent resistance to fouling of the adsorbent 
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surface area. Lastly, polyvinylidene fluoride or polyamide binders also provide 

excellent chemical resistance to the gas storage environment. Additionally, the high 

relative thermal index of these polymers is useful for the temperature range an 

adsorptive storage monolith would encounter during the product life cycle. 

5 

SUMMARY OF THE INVENTION 

The invention relates to a gas storage article comprising a solid, dense, porous 

adsorbent media bound together by 0.5 to 30 weight percent of thermoplastic binder 

particles, wherein said binder particles have a discrete particle size of between 5 and 

10 700 nanometers and agglomerates between 5 and 150 micrometers 

The invention also relates to a sealed container containing the gas storage 

block article, having at least one valve opening for charging and discharging of a gas, 

the container capable of holding a pressurized gas. 

The invention also relates to a gas storage container, holding the solid 

15 adsorbent and containing natural gas (methane). 

BREIF DESCRIPTION OF THE DRAWINGS 

Figure 1: Is a cross sectional view of a solid gas storage article of the invention. 

Figure 2: Is a cross-sectional view of a solid gas storage article of the invention 

20 extruded as a center rod and a hollow cylinder, and then nested together to form a 

similar sized concentric solid block of a diameter similar to Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 

All references listed in this application are incorporated herein by reference. 

25 All percentages in a composition are weight percent, unless otherwise indicated, and 

all molecular weights are given as weight average molecular weight, unless stated 

otherwise. Combinations of different elements described herein are also considered 

as part of the invention. 
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"Interconnectivity", as used herein means that the active particles or fibers are 

permanently bonded together by the polymer binder particles without completely 

coating the active primary and secondary particles or functional particles or fibers. 

5 

The binder adheres the sorbent at specific discrete points to produce an organized, 

porous structure. The porous structure allows a gas to pass through the interconnected 

particles or fibers, and the gas is exposed directly to the surface(s) of the sorbent 

particles or fibers, favoring the adsorption of the gas onto the adsorbent material. 

Since the polymer binder adheres to the adsorbent particles in only discrete points, 

less binder is used for full connectivity compared to a binder that is coated onto the 

10 adsorbent. 

The invention relates to a solid porous gas storage article made of activated 

carbon or other gas absorbent, the adsorbent material being bound together by small 

discrete thermoplastic polymer binder particles to provide interconnectivity. The 

solid porous article is generally present within a closed container, capable of holding a 

15 pressurized gas. The adsorbent and binder are combined under pressure to produce a 

dense porous solid gas-adsorbent structure. 

Binder 

The polymer particles of the composite of the invention are thermoplastic 

polymer particles in the sub-micrometer range. The weight average particle size is 

20 less than 150 micrometer, preferably less than 10 micrometers, more preferably less 

than 1 micrometer, preferably less than 500 nm, preferably less than 400 nm, and 

more preferably less than 300 nm. The weight average particle size is generally at 

least 20 nm and preferably at least 50 nm. 

Useful polymers include, but are not limited to fluoropolymers, styrene- 

25 butadiene rubbers (SBR), ethylene vinyl acetate (EVA), acrylic polymers such as 

polymethyl methacrylate polymer and copolymers, polyurethanes, styrenic polymers, 

polyamides, polyolefins, including polyethylene, and polypropylene and the 

copolymers thereof, polyester including polyethylene terephthalate, polyvinyl 

chlorides, polycarbonate and thermoplastic polyurethane (TPU). In order to obtain 

30 the small polymer particle size useful in the invention, it is preferred that the 

thermoplastic polymers are made by emulsion (or inverse emulsion) polymerization. 
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Preferred polymers are polyamides, and fluoropolymers, with homopolymers 

and copolymers of polyvinylidene fluoride being especially useful. 

Preferably, the binder is a fluoropolymer. Useful fluoropolymers are 

thermoplastic homopolymers and copolymers having greater than 50 weight percent 

5 

10 

of fluoromonomer units by weight, preferably more than 65 weight percent, more 

preferably greater than 75 weight percent and most preferably greater than 90 weight 

percent of one or more fluoromonomers. Useful fluoromonomers for forming the 

fluoropolymer include but are not limited to: vinylidene fluoride (VDF or VF2), 

tetrafluoroethylene ('IFE), trifluoroethylene (TrFE), chlorotrifluoroetlaylene (C 117, E), 

hexafluoropropene (FIFP), vinyl fluoride (VF), hexatluoroisobutylene (ITIFIB), 

perfluorobutylethylene (PFBE), pentafluoropropene, 3,3,3-trilluoro- l -propene, 2-

trifluoromethyl-3,3,3-trifluoropropene, fluorinated vinyl ethers including 

perfluommethyl ether (PIVIVE), perfluoroethylvinyl ether (PEVE), 

perfluompropylvinyl ether (PPVE), perfluorobutylvinyl ether (PBVE), longer chain 

15 perfluorinated vinyl ethers, fluorinated diox.oles, partially- or per-fluorinated alpha 

olefins of C4 and higher, partially- or per-fluorinated cyclic alkenes of C3 and higher, 

and combinations thereof. 

Especially preferred thioropolyiners are polyvinylidene fluoride (PVDF) 

homopolymers, and copolymers, and polyteirafluoroethylene (VIFE) homopolymers and 

20 copolymers. While the invention applies to all thermoplastic polymers, and in particular all 

fluompolymers and copolymers, and polyamides, vinylidene fluoride polymers will be used 

to illustrate the invention, and are the preferred polymer. One of ordinary skill in the art 

will understand and be able to apply the specific references to PVDF to these other 

thermoplastic polymers, which are considered to be within the realm of, and 

25 embodied in the invention. 

In one embodiment, vinylidene fluoride copolymers are preferred, due to their 

lower crystallinity (or no crystallinity), making them more flexible than the semi-

crystalline PVDF homopolymers. Flexibility of the binder allows it to better 

withstand the manufacturing process, as well as increased pull-through strength and 

30 better adhesion properties. preferred copolymers include those containing at least 50 

mole percent, preferably at least 75 mole %, more preferably at least 80 mole %, and 

even more preferably at least 85 mole % of vinylidene fluoride copolymerized with 
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one or more comonomers selected from the group consisting of tetrafluoroethylene, 

trifluoroethylene, chlorotrifluoroethylene, hexafluoropropene, vinyl fluoride, 

pentafluoropropene, tetrafluoropropene, trifluoropropene, perfluoromethyl vinyl 

ether, perfluoropropyl vinyl ether and any other monomer that would readily 

5 copolymerize with vinylidene fluoride. 

In one embodiment, up to 30%, preferably up to 25%, and more preferably up 

to 15 % by weight of hexafluoropropene (HFP) units and 70% or greater, preferably 

75% or greater, more preferably 85% or greater by weight or more of VDF units are 

present in the vinylidene fluoride polymer. It is desired that the HFP units be 

10 distributed as homogeneously as possible to provide PVDF-HFP copolymer with 

excellent dimensional stability in the end-use environment. 

The PVDF used in the invention is generally prepared by means known in the 

art, using aqueous free-radical emulsion polymerization - although suspension, 

solution and supercritical CO2  polymerization processes may also be used. In a 

15 general emulsion polymerization process, a reactor is charged with deionized water, 

water-soluble surfactant capable of emulsifying the reactant mass during 

polymerization and optional paraffin wax antifoulant. The mixture is stirred and 

deoxygenated. A predetermined amount of chain transfer agent, CTA, is then 

introduced into the reactor, the reactor temperature raised to the desired level and 

20 vinylidene fluoride (and possibly one or more comonomers) are fed into the reactor. 

Once the initial charge of vinylidene fluoride is introduced and the pressure in the 

reactor has reached the desired level, an initiator emulsion or solution is introduced to 

start the polymerization reaction. The temperature of the reaction can vary depending 

on the characteristics of the initiator used and one of skill in the art will know how to 

25 do so. Typically the temperature will be from about 30° to 150°C, preferably from 

about 60° to 120°C. Once the desired amount of polymer has been reached in the 

reactor, the monomer feed will be stopped, but initiator feed is optionally continued to 

consume residual monomer. Residual gases (containing unreacted monomers) are 

vented and the latex recovered from the reactor. 

30 The surfactant used in the polymerization can be any surfactant known in the 

art to be useful in PVDF emulsion polymerization, including perfluorinated, partially 

fluorinated, and non-fluorinated surfactants. Preferably the PVDF emulsion of the 
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5 

invention is fluorosurfactant-free, with no fluorosurfactants being used in any part of 

the polymerization. Non-fluorinated surfactants useful in the PVDF polymerization 

could be both ionic and non-ionic in nature including, but are not limited to, 3-

allyloxy-2-hydroxy- 1-propane sulfonic acid salt, polyvinylphosphonic acid, 

polyacrylic acids, polyvinyl sulfonic acid, and salts thereof, polyethylene glycol 

and/or polypropylene glycol and the block copolymers thereof, alkyl phosphonates 

and siloxane-based surfactants. 

The PVDF polymerization results in a latex generally having a solids level of 

10 to 60 percent by weight, preferably 10 to 50 percent. 

10 The latex binder is generally reduced to a powder form by spray drying, 

coagulation, or other known process, to produce a dry powder. 

Binder particles are generally from 5 to 700 nm in size, preferably from 50 to 

500 nm, and more preferably from 100-300 nm as an average particle size. In some 

cases, polymer particles may agglomerate into 1 to 150 micrometer groupings, 3 -50 

15 micrometers, 5-15 micrometers, and preferably 6-8 micrometer agglomerates, but it 

has been found that these agglomerates generally break into individual particles 

during processing to for an article. The binder particles are discreet particles, and 

remain as discrete particles in the formed solid porous adsorbent article. During 

processing into articles, the particles which start essentially spherical are deformed by 

20 pressure into thin oblong particles that bind adjoining adsorbent material together and 

provide interconnectivity. 

It is important that as little binder is used as necessary to hold the absorbent 

materials together, as this allows more of the surface area to be exposed and be active 

in gas absorption. One advantage of PVDF binders is that they have a very high 

25 density of about 1.78 g/cc. Thus the low weight percent of binder needed represents 

an even lower volume percent. 

The particle size of the binder plays a role in the lower weight% loadings 

needed to make a solid immobilized porous media block. 

Further the rheology of PVDF resin based on the higher molecular weights of 

30 preferably 200,000 to 1,250,000 g/mole, and preferably 300.000-900,000 g/mole, 
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assists in the binder not flowing into the carbon and fouling the high surface area of 

the activated carbon sorption media. 

Adsorbent 

The adsorbents of the invention are those capable of adsorbing and desorbing 

5 specific gas molecules. In one important embodiment of the invention, activated 

carbon is used to adsorb natural gas (methane), however, other adsorbents with 

adsorption specificity for other gases are also contemplated by this invention. 

Activated carbon, carbon fibers and molecular sieves are especially useful adsorbents 

of the invention. Activated carbon having a large level of surface area is especially 

10 preferred, as are nano carbon fibers, in order to maximize the surface area of the 

absorbent. Other useful adsorbents include, but are not limited to: carbon molecular 

sieves, molecular sieves, silica gel, metal organic framework, etc. have special affinity 

to specific gas adsorption. 

The primary active particles of the invention are generally in the size range of 

15 0.1 to 3,000 micrometers, and preferably from 1 to 500 micrometers in diameter and 

fibers of 0.1 to 250 micrometers in diameter of essentially unlimited length to width 

ratio. Fibers are preferably chopped to no more than 5 mm in length. Adsorbent 

fibers or powders should have sufficient thermal conductivity to allow heating of the 

powder mixtures. In addition, in an extrusion process, the particles and fibers must 

20 have melting points sufficiently above the melting point of the fluoropolymer binder 

resin to prevent both substances from melting and producing a continuous melted 

phase rather than the usually desired multi phase system. 

There are many sources of activated carbon and various techniques to 

differentiate the performance of each activated carbon per application. Sources of 

25 activated carbon include, but are not limited to, coconut shell, bitumen, coal, grass, 

organic polymers, hard wood, and soft wood. Each product has their own 

characteristics which can affect gas sorption and desorption performance. It is known 

that for gas sorption onto activated carbon it is dependent on the close proximity to 

surface area contact coupled with Van der Waal's forces to attract gas molecules and 

30 temporarily store them until desorption occurs. Key characteristics of the activated 

carbon which impacts the volume of gas sorption is the macro-, micro-, meso-

porosity of the carbon surface area. The porosity is further characterized by the N2 
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BET surface area curves. In general, a high N2 BET surface area per mass volume is 

preferred, but not always practical for manufacturing. A key property related to 

manufacturing with solid state extrusion or compression molding methods is the 

apparent density, as measured by ASTM D2854, for material conveying and the 

5 hardness, as measured by ASTM D3802, when densifying. 

It has been found that a hard carbon is preferred to economically manufacture 

densified block with known state of the art manufacturing. However the hard carbons 

having a low BET surface area are not preferred for gas sorption performance, but a 

soft carbon with high BET surface area is preferred. A soft carbon cannot be highly 

10 densified or manufactured at an economical rate using solid state extrusion or 

compression molding. Surprisingly, it has been discovered that unique blends of soft 

carbon and hard carbon can achieve both an economic manufacturing process and also 

achieve high performance gas sorption characteristics. 

15 

For the solid state extrusion process, a minimum of 5 percent by weight, 

preferably 10 weight percent, and preferably in the range of 10-60 weight percent of 

hard carbon is used to resist the pressure of the extruder and extrude a block structure. 

A higher level of the hard carbon, up to 100 weight percent will produce a well-

formed solid state extruded block, however, the higher cost, and lower BET surface 

area of the hard carbon reduce performance and economics. Blocks prepared 

20 containing entirely soft carbons are possible, but the extrusion speed may be limited 

due to their compressibility. Blocks containing entirely soft carbons can be produced 

by a compression molding process. 

Hard carbons are considered those with a ball pan hardness per ASTM D 3802 

to be greater than 80% and soft carbons are considered when measured by the same 

25 method as being less than or equal to 80%. Low N2 BET surface area is considered 

less than 1400 m2/g. while high N2 BET surface area is considered greater than or 

equal to 1400 m2/g. 

Process 

The binder and absorbent particles may be blended and processed by several 

30 methods. The binder particles are generally in a powder form, which can be dry 

blended with the sorbent materials. Solvent or aqueous blends may also be formed by 

known means. Preferably 0.3 to 30, preferably 0.5 to 25, and more preferably 1 to 16 
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weight percent of binder is used for each 84 to 99.5 weight percent of absorbent 

material. Preferably the level of binder is from 4 to 12 weight percent, and even more 

preferably from about 5 to 10 weight percent. 

There are generally three methods to form a solid porous absorbent article 

5 	from a homogeneous mixture of the adsorbent and binder: 1) dry powder 

homogeneous blends which are compression molded, 2) dry powder homogeneous 

blends which are extruded, and 3) solvent or aqueous blends which are cast and dried. 

Because a very dense solid absorbent article is desired, compression molding and 

extrusion processing at higher pressures can be used. The compression molding and 

10 	extrusion processes are practiced in a manner that causes a softening of the polymer 

binder particles, but does not cause them to melt and flow to the point that they 

contact other polymer particles and form agglomerates or a continuous layer. To be 

effective in the contemplated end-uses, the polymer binder remains as discreet 

polymer particles that bind the adsorbent materials into an interconnected web, for 

15 	good permeability. In a solvent system, individual polymer particles no longer exist, 

as they are dissolved and form a continuous coating over the adsorbent particles. The 

continuous coating reduces the amount of activated surface area available for 

adsorption on the particles, and can reduce their overall effectiveness. 

The most economical solution for high quality and high output capacity is 

20 	utilizing the extrusion process which makes uniform and highly packed immobilized 

porous media. 

An advantage of the extrusion is that the absorbent density is fairly constant 

across the article, while a compression molded article tends to show a density 

gradient. It is increasingly difficult to have a uniform packing density gradient on a 

25 	compression molded article especially as the aspect ratio (length/diameter ratio) 

increases. An advantage of a compression molded process is that a large variety of 

shapes are available. 

The polymer binder particles can be formed into a porous block article in an 

extrusion process, such as that described in US 5,331,037. The polymer 

30 	binder/adsorbent material composite of the invention is dry-blended, optionally with 

other additives, such as processing aids, and extruded, molded or formed into articles. 

Continuous extrusion under heat, pressure and shear can produce an infinite length 3- 
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dimensional multi phase profile structure. In order to form the continuous web of 

forced-point bonding of binder to the adsorbent materials, a critical combination of 

applied pressure, temperature and shear is used. The composite blend is brought to a 

temperature above the softening temperature, but below the melting point, significant 

5 pressure applied to consolidate the materials, and enough shear to spread the binder 

and form a continuous web. 

The extrusion process can produce a continuous block structure at any 

diameter and length desired. Lengths of 1 cm to hundreds of meters are possible with 

the right manufacturing equipment. The continuous solid block can then be cut into 

10 desired final lengths. Typical diameters of the solid blocks would be 15 cm or less, 

and more preferably 15 cm or less — though with the proper size die(s) larger diameter 

structures up to 1.5 meters and larger could be produced. 

An alternative to a single, solid structure, is forming two or more structures — a 

solid rod, and one or more hollow block cylinders designed to nest together to form 

15 the larger structure. Once each annular or rod-shaped block component is formed, the 

components can be nested together to create a larger structure. This process can 

provide several advantages over the extrusion of a single large structure. The blocks 

with smaller cross-sectional diameter can be produced at a faster rate than producing a 

large, solid, single-pass block. The cooling profile can be better controlled for each of 

20 the smaller-cross sectional pieces. A further advantage of this concept may be reduced 

gas diffusion path lengths through the monoliths as the spacing between concentric 

blocks could serve as channels for rapid flow of gas. 

Properties 

Articles formed by the invention are high density, porous, solid articles that 

25 maximize the volume of adsorbent to volume of the container ratio. 

The articles formed are used within a closed container capable of holding a 

pressurized gas of up to 5000 psi. The adsorbent composite article should fit with a 

narrow tolerance inside the container, to maximize the amount of adsorbent per 

container volume. The container will have an inlet which will be used to fill the container 

30 with gas (methane) and will have a discharge end where the gas can leave the container. The 

adsorbent material does not settle or move during use, such as to power a vehicle, as it 

is interconnected by the binder particles. Gas is provided into the container under 
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pressure, and is adsorbed and stored by the sorbent material. When the pressure is 

released, and the container open to a lower pressure environment, the gas will desorb 

from the adsorbent material, and be used in the application. 

The gas storage article has an immobilized density greater than 1.1 times, and 

5 	preferably greater than 1.5 times that of the apparent density of the sorption media. 

Densification permits more storage capacity per unit volume, thus increasing the 

possible v/vo  in a given gas storage article. 

In one embodiment, the container holding the composite solid adsorbent 

article, is used to power a vehicle. Other embodiments, the container holding the 

10 	composite is for storage purposes to supply fuel to grill and stove burners, 

refrigerators, freezers, furnaces, generators, emergency equipment, etc. 

EXAMPLES 

EXAMPLE 1: 

15 Dry powder blends are formed by dry blending 15 wt% of KyblockTM FG-81 

polyvinylidene fluoride homopolymer binder from Arkema and 85 wt% of Oxbow 

8325C-AW/70 coconut shell activated carbon. The activated carbon is a nominally 

80 x 325 mesh carbon, but also includes particles smaller than325 mesh (44 

micrometers)and greater than 80 (177 micrometers) mesh with a particle size 

20 	distribution designed to maximize the particle packing density.. The two dry, 

powdery materials are mixed until they are a homogeneous blend. The blend is then 

forced into a die which is heated to a minimum of 180°C under pressures greater than 

100psi, forming a self-supporting, porous structure. The structure is then cooled to 

room temperature. The density of the activated carbon is initially 0.49g/cc and this 

25 	density is increased to 0.71g/cc when combined with the binder and extruded. Under 

higher pacing pressure loadings the density can be increased even further. 
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EXAMPLE 2: 

The same activated carbon used in Example 1 is combined with 16 wt% of 

MICROTHENE FN510-00 (LyondellBassell) linear low density polyethylene (PE) 

binder. 	A block of the same density is prepared by a comparable solid state extrusion 

5 process. 

EXAMPLE 3: 

A dry powder blend of 14 wt.% KYBLOCK®  FG-42 polyvinylidene fluoride 

copolymer and 86 wt.% of the same activated carbon in EXAMPLE 1 was prepared 

and filled into a 10" tall steel annular mold with an outside diameter of 2.5" and an 

10 inside diameter of 1.25". The mold containing powder was heated to 400 °F for one 

hour, and compressed with a hydraulic ram to achieve a block density of 0.7 g / cc. 

EXAMPLE 4: 

A dry powder blend of 30 wt% Microthene FN510-00 and 70 wt% of the same 

activated carbon in EXAMPLE 1 was compression molded into a annular monolith of 

15 the same dimensions and density as in EXAMPLE 3. The higher level of Microthene 

FN510-00 binder was required to produce a block with adequate strength by 

compression molding. 

The extruded samples produced in EXAMPLE 1 and EXAMPLE 2 were 

analyzed using the Brunauer—Emmett—Teller (BET) nitrogen adsorption method to 

20 characterize the usable surface area of the carbon sorption media. The pure carbon 

powder has a surface BET (m^2/g) of 1150. The 15wt% KyblockTM FG-81 has a 973 

m2/g surface BET and the PE samples has 674 m2/g surface BET. After normalizing 

by weight percent, the KyblockTM FG-81 is responsible for 0.37% fouling of the 

activated carbon surface. The PE is responsible for 30.17% fouling of the activated 

25 carbon surface. The KyblockTM resin sample is greater than 80x more fouling 

resistant then the PE sample. The polyethylene binder has two drawbacks: 1) high 

occupied volume and 2) high level of fouling. The KyblockTM FG-81 resin exhibits 

volume of binder occupied with in a 1 kg carbon block of 84.18 whereas the PE 

binder volume occupies 173.14 cc of space within a block of the same mass. The 

30 KyblockTM binder has over 2x less occupied volume with in the composite monoliths. 
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The compression molded samples produced in EXAMPLE 3 and EXAMPLE 

4 were also analyzed using the BET method. The monolith produced in EXAMPLE 3 

had a BET surface area of 953 m2/g whereas the monolith from EXAMPLE 4 has 

BET surface area of 600 m2/g. When normalized for the different binder contents, the 

5 	block in EXAMPLE 3 had a reduction of surface are of 3.6%, while the block in 

EXAMPLE 4 has a reduction of 24.5%. An activated carbon monolith of comparable 

strength can have an adsorptive surface area at least 150% that of a block produced 

with conventional binders. 

EXAMPLE 5: 

10 A solid extruded monolith 10 cm outside diameter was produced using the 

composition in EXAMPLE 1. The processing temperature was set at 250°C. Output 

speed was limited to 1 cm per minute due to the time required to raise the core of the 

monolith above the melting temperature of the Kyblock®  binder. Reference Fig. 1 

EXAMPLE 6: 

15 An equivalent monolith to that produced in EXAMPLE 5 was produced with 

two extruders one producing an annulus with an outside diameter of 10 cm and an 

inside diameter of 5 cm, the other producing a solid rod with an outside diameter of 

4.9 cm. Once formed, the rod was placed inside the annulus, forming concentric 

monoliths. The output rate of each of these extruders is approximately 5 cm / min, 

20 	more than doubling the production rate of roughly the same volume of monolith. This 

concept could be extended with multiple nesting concentric blocks to produce an 

equivalent solid monolith of any desired diameter. A further advantage of this 

concept may be reduced gas diffusion path lengths through the monoliths as the 

spacing between concentric blocks could serve as channels for rapid flow of gas. 

25 	Reference Fig. 2 

EXAMPLE 7: 

An extruded annular monolith was produced by first preparing a dry powder 

blend containing 20 wt.% FX1184 (Jacobi Carbons) wood based carbon with surface 

area of 1400 m2/g ground and sieved to -120 mesh (125 micrometers), 70 wt. % of the 

30 	80 x 325 mesh carbon described in EXAMPLE 1, and 10 wt. % Kyblock®  FG-81 

binder. A 1.9" outside diameter by 1.19" inside diameter annulus was extruded using 

15 
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a processing temperature of 230 °C at a rate of 2 cm/min. The density of the resulting 

block was 0.62 g/cc. BET surface area of the extruded block was 1176 m2/g 

EXAMPLE 8: 

A dry blend of 90 wt. % FX1184 (Jacobi Carbons) and 10 wt. % Kyblock®  

5 FG-42 was prepared and an attempted to form into an identical annulus as in 

EXAMPLE 7. The frictional forces due to the extreme compressibility of the 

adsorbent material, it was impossible to produce a block via conventional solid state 

extrusion. 

Within this specification embodiments have been described in a way which 

10 enables a clear and concise specification to be written, but it is intended and will be 

appreciated that embodiments may be variously combined or separated without 

parting from the invention. For example, it will be appreciated that all preferred 

features described herein are applicable to all aspects of the invention described 

herein. 

15 Aspects of the invention: 

20 

1. A gas storage article comprising a solid, dense, porous adsorbent media bound 

together by 0.3 to 30 weight percent, and preferably from 0.5 to 16 weight percent of 

thermoplastic binder particles, wherein said binder particles have a discrete particle 

size of between 5nm and 150 micrometers, preferably between 50 nm and 500 nm, 

and agglomerates between 5 and 50 micrometers. 

2. The gas storage article of aspect 1, wherein said thermoplastic binder is 

selected from the group consisting of fluoropolymers, styrene-butadiene rubbers 

25 

(SBR), ethylene vinyl acetate (EVA), acrylic polymers, polymethyl methacrylate 

polymers and copolymers, polyurethanes, styrenic polymers, polyamides, polyolefins, 

polyethylene and copolymers thereof, polypropylene and copolymers thereof, 

polyesters, polyethylene terephthalate, polyvinyl chlorides, polycarbonate and 

thermoplastic polyurethane (TPU). 

3. The gas storage article of aspects 1 or 2, wherein said thermoplastic binder is 

selected from polyvinylidene fluoride homopolymer and copolymer, and polyamides. 

16 
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4. The gas storage article of any of aspects 1 to 3, wherein said gas storage article 

is present within a container capable of holding a pressurized gas at pressures up to 

5000psi. 

5. The gas storage article of any of aspects 1 to 4, wherein said article is formed 

5 by an extrusion process or a compression molding process.. 

6. The gas storage article of any of aspects 1 to 5, wherein said binder makes up 

from 4 to 12 weight percent of said article, and said adsorbent makes up from 88 to 96 

weight percent. 

7. The gas storage article of any of aspects 1 to 6, wherein said adsorbent is 

10 selected from the group consisting of activated carbon, carbon fibers, molecular 

sieves, carbon molecular sieves, molecular sieves, silica gel, and metal organic 

framework. 

8. The gas storage article of any of aspects 1 to 7, wherein said adsorbent is 

activated carbon or carbon fibers. 

15 9. The gas storage article of any of aspects 1 to 8 wherein said gas storage device 

further comprises adsorbed noble gases, CO2, N2, or hydrocarbon gases. 

10. The gas storage article of any of aspects 1 to 9 having an immobilized density 

greater than 1.1 times that of the apparent density of the sorption media. 

11. The gas storage article of any of aspects 1 to 10, wherein said article further 

20 comprises water at 0.001-40 wt percent in addition to the adsorbent media and binder 

particles. 

12. The gas storage article of aspect 8, wherein said activated carbon has an 

average N2  BET surface area greater than 1000 m2/g, preferably greater than 1400 

m2/g., and more preferred greater than 2000 m2/g.. 

25 13. A solid block article comprising an activated carbon media bound together by 

0.3 to 30 weight percent of thermoplastic binder particles, wherein said binder 

particles have a discrete particle size of between 5nm and 150 micrometers and 

agglomerates between 5 and 50 micrometers, wherein said article comprises two or 

more concentric nesting annuli produced by either solid state extrusion or 

30 compression molding. 

17 
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14. A solid block article comprising an activated carbon media bound together by 

0.3 to 30 weight percent of thermoplastic binder particles, wherein said binder 

particles have a discrete particle size of between 5 nm and 150 micrometers and 

agglomerates between 5 and 50 micrometers, wherein said activated carbon is a blend 

5 comprising 10 to 95 weight percent of one or more activated soft carbons having a 

ball pan hardness of less than or equal to 85 percent, more preferred less than or equal 

to 80 percent , and 5 to 90 weight percent of one or more hard having a ball pan 

hardness activated carbon greater than 85 percent, more preferred greater than or 

equal to 90 percent (hard carbon). 

10 15. The solid block article of aspect 14, wherein said blend contains less than40wt 

%, and preferably less than 20 wt. percent, and most preferably less than 0.1wt 

percent of low N2  BET surface area of less than 1400m2/g hard activated carbon and 

greater than60 wt. percent, and preferably greater than80 wt. %, and most preferably 

greater than 99.9 wt. percent of high N2  BET surface area of greater than 1400m2/g 

15 soft activated carbon. 

18 
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What is claimed is: 

1. A gas storage article comprising a solid, porous adsorbent media bound together by 

thermoplastic binder particles, wherein said binder particles have an average discrete particle 

size of between 5 nm and 700 nm, wherein the thermoplastic binder particles comprise from 0.3 

to 30 weight percent of the gas storage article, and wherein the immobilized bulk density of the 

gas storage article is greater than 1.1 times that of the bulk density of the porous adsorbent 

media. 

 

2. The gas storage article of claim 1, wherein said thermoplastic binder is selected from the 

group consisting of fluoropolymers, styrene-butadiene rubbers (SBR), ethylene vinyl acetate 

(EVA), acrylic polymers, polymethyl methacrylate polymers and copolymers, polyurethanes, 

styrenic polymers, polyamides, polyolefins, polyethylene and copolymers thereof, polypropylene 

and copolymers thereof, polyesters, polyethylene terephthalate, polyvinyl chlorides, 

polycarbonate and thermoplastic polyurethane (TPU).   

 

3. The gas storage article of claim 1, wherein said thermoplastic binder is selected from 

polyvinylidene fluoride homopolymer and copolymer, and polyamides. 

 

4. The gas storage article of claim 1, wherein said gas storage article is present within a 

container capable of holding a pressurized gas at pressures up to 5000psi. 

 

5. The gas storage article of claim 1, wherein said binder particles have an average discrete 

particle size of from 50 to 500 nm. 

 

6. The gas storage article of claim 1, wherein said porous adsorbent media is bound together 

by 0.5 to 16 weight percent of thermoplastic binder. 

 

7. The gas storage article of claim 1, wherein said article is formed by an extrusion process. 

 

8. The gas storage article of claim 1, wherein said article is formed by a compression 

molding process. 
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9. The gas storage article of claim 1, wherein said binder makes up from 4 to 12 weight 

percent of said article, and said porous adsorbent media makes up from 88 to 96 weight percent. 

 

10. The gas storage article of claim 1, wherein said porous adsorbent media is selected from 

the group consisting of activated carbon, carbon fibers, molecular sieves, carbon molecular 

sieves, molecular sieves, silica gel, and metal organic framework. 

 

11. The gas storage article of claim 1, wherein said porous adsorbent media is activated 

carbon or carbon fibers. 

 

12. The gas storage article of claim 1 wherein said gas storage device further comprises 

adsorbed noble gases, CO2, N2, or hydrocarbon gases. 

 

13. The gas storage article of claim 1, wherein said article further comprises water at 0.001-

40 wt percent in addition to the porous adsorbent media and binder particles. 

 

14. The gas storage article of claim 11, wherein said activated carbon has an average N2 BET 

surface area greater than 1000 m2/g, preferably greater than 1400 m2/g, and more preferred 

greater than 2000 m2/g. 

 

15. A solid block article comprising an activated carbon media bound together by 0.3 to 30 

weight percent of thermoplastic binder particles, wherein said binder particles have an average 

discrete particle size of between 5nm and 700 nm, wherein said article comprises two or more 

concentric nesting annuli produced by either solid state extrusion or compression molding. 

 

16. A solid block article comprising an activated carbon media bound together by 0.3 to 30 

weight percent of thermoplastic binder particles, wherein said binder particles have an average 

discrete particle size of between 5 nm and 700 nm, wherein said activated carbon is a blend 

comprising 10 to 95 weight percent of one or more activated soft carbons having a ball pan 

hardness of less than or equal to 85 percent, more preferred less than or equal to 80 percent , and 
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5 to 90 weight percent of one or more activated hard carbon having a ball pan hardness greater 

than 85 percent, more preferred greater than or equal to 90 percent (hard carbon).  

 

17. The solid block article of claim 16, wherein said blend contains less than 40wt %, and 

preferably less than 20 wt. percent, and most preferably less than 0.1wt percent of low N2 BET 

surface area of less than 1400m2/g hard activated carbon and greater than 60 wt. percent, and 

preferably greater than 80 wt. %, and most preferably greater than 99.9 wt. percent of high N2 

BET surface area of greater than 1400m2/g soft activated carbon. 

 


