
2,663,626 C. V. SFANGLER 

METHOD OF STORING GASES 

Dec. 22, 1953 

3mpentor 

Cittornegs 

  

  

  

  

  



Patented Dec. 22, 1953 2,663,626 

UNITED STATES PATENT OFFICE 
,2,663,626 

METHOD OF STORING GASES 
Carl W. Spangler, Pittsburgh, Pa., assignor to J. F. 
Pritchard & Co., Kansas City, Mo., a corpora tion of Missouri 

Application May 14, 1949, Serial No. 93,384 
(C. 48-190) 6 Clainns. 

This invention relates to a method of storing 
or stock piling of gases, for example, hydrocar 
bon gases such as propane, methane or natural 
gas such as the commercial pipe line gas which 
is now distributed on almost a nation-wide basis; 
the principal object being the provision of a 
practical, safe and economical storage of such 
gas through adsorption by a solid adsorbent ina 
terial at relatively low pressures and at a tem 
perature conveniently above liquefaction tem 
perature of methane. 

It is also an object of the invention to provide 
for release of the adsorbed gas when the gaS 
is desired for use or to augment the flow volume 
in a pipe line at times of high demand. 

in accomplishing these and other objects of 
the invention hereinaifter described, i have pro 
vided an improved method and apparatuS Which 
is diagrammatically illustrated in the accompany 
ing drawing wherein: 

designates a pipe line leading from a Supply 
of natural gas, for example, a commercial high 
pressure gas transportion system by which nat 
ural gas is conveyed from a field of production 
to a market which may be many miles from the 
source of supply. Profitable operation of Such 
systems depend upon substantially full pipe line 
flow. Consequently, during times of low de 
mand for the gas, adequate storage must be pro 
vided for the surplus gas which is made avail- : 
able for augmenting the pipe line flow during 
times of high market demand. This storage gas 
may be taken at the start of the transportation 
system and at various points along the length of 
the line where it is convenient to remove and 
store the gas. It is therefore to be understood 
that the pipe line merely connects a source for 
the gas to be stored in accordance with the pres 
ent invention. It is also to be understood that 
Such gas is substantially methane although pipe 
line gas in addition to normal impurities may 
contain carbon dioxide, nitrogen, traces of the 
rare gases such as helium, argon, etc., limited 
amounts of vapor or gas of the heavier hydro 
carbons such as ethane, propane, butanes, pen- ; 
tanes, etc. which are not removed from it com 
pletely in commercial practice. Essentially, how 
ever, the major flow is methane and therefore in 
the present description the terms methane and 
natural gaS are used SynOnomously. 
I have discovered that methane can be adsorbed 

as an adsorbate on adsorbent materials at tem 
peratures near its liquefaction temperature in 
sufficient amounts to make such storage system commercially practical. 
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In carrying out the invention the gas to be 

stored is brought from the line into the storage 
system through an orifice meter indicated at 2 
and passed through a purification plant 3 in which 
all traces of vapor phase moisture is removed 
from the gas together with any possible carbon 
dioxide, hydrogen sulfide, or other acid gases 
which may be mixed in the main gas Supply as impurities. 
After purification the gas passes through a 

pipe 4 to a compressor 5 by which the gas is con 
ducted through a pipe 6 to a heat exchanger 7 
in which the gas is prechilled prior to discharge 
through a pipe 8 to a refrigerating apparatus 
9. The refrigeration apparatus may be of any 
suitable type and utilize various methods of 
refrigeration depending upon the individual sit 
uation. The temperature of the gas as it leaves 
the refrigeration system will be just above the 
liquefaction temperature of the methane at the 
operating pressure. I have determined that a 
practical operating temperature range is from 
substantially -160° C. to substantially -14 C. 
The refrigerated gas is then conducted through 
a pipe O to a separator wherein those mate 
rials which have been liquefied or solidified are separated together with any liquid methane that 
may have formed in the refrigeration process. 
The liquid so removed will be taken out through 
a pipe 2 to a separate outside storage System 
(not shown) and will not enter into any process 
ing embodying the present invention. The vapor 
phase methane that is left in the System is chilled 
almost to liquefaction temperature and is con 

5 ducted through a pipe 3 to the adsorbent con 
tainer f4 wherein the methane cools the adsorb 
ent bed and by continuous re-circulation even 
tually becomes an integral part of the solid ad 
sorbent material by adsorption thereon. 
The storage constitutes a vessel 5 of ample 

capacity to contain the required amount of ma 
terial to adsorb the volume of gas to be stored. 
The vessel may be of any Suitable shape, for ex 
ample, it may comprise a circular side wall 6, a 
bottom and a top 8 constructed with Substan 
tially tight joints to prevent direct leakage into 
and Out of the vessel. The vessel is completely 
insulated preferably by lining all the interior Sur 
faces with an insulating material 9 sufficient to 50 maintain the desired low temperature of the 
methane. With this method of insulation, the 
walls of the vessel are protected from becoming 
friable and structurally unsafe at the extremely 
low temperatures involved. Therefore, special 

55 expensive alloys and construction are not re 
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quired as in cases where the neta is in direct 
contact With low temperatures. In fact, such 
tanks as now used for large oil or gas storage 
might be used with modifications for handling 
the materials herein involved. It is important, 
however, that the thickness and nature of the in 
sulating material be selected as the best available 
for the duty. Suitable insulating materials are 
readily obtained which have adequate strength, 
thernal capacities and general physical and 
chemical qualifications for the duty described. 
It is also desirable to select an insulation that is 
resistant to abrasion by the adsorbing material. 
Such materials need only protection from the 
weather, which function is supplied by the con 
tainer. The gas from the separator is discharged into 
the vessel through a duct distribution system 
which in the illustrated instance comprises a 
header 20 which connects the inlet, pipe with a 
plurality of distribution ducts 2 having perfo 
rations through which the gas is distributed Sub 
stantially unifornly over the horizontal CrOSS 
Sectional area of the vesse. 
A similar collection systein of perforate ducts 

22 is located under the roof insulation and con 
nected by a header 23 with a discharge pipe 2. 
The header Systems are formed of a Suitable ma 
terial to withstand the temperatures involived. 
Since the header Systerns are cooled by the gaS 
passing therethrough, insulating seals 25 and 28 
are required where the pipes pass through the 
Walls of the vessel. 

Filling the space within the vessel is a body of 
solid adsorbent material 2. The adsorbent ma 
terial is allowed to rest directly on the insulating 
material on the bottom of the vessel and to fill out 
against the sides. In turn the insulation acroSS 
the top of the vessel and above the adsorbent na 
terial rests directly on the bed of adsorbent. In 
order to take advantage of possible physical chair 
acteristics of either insulation or adsorbent na 
terial, structural props or supports might be sup 
plied if nesded to take or distribute some of the 
StreSS. In case an insulating material is used requir 
ing some support for the adsorbent, a thin sheet 
metal sheathing may be used to protect the im SU 
lation from abrasion by the solid adsorbent as a 
protection against, physical damage during filling, 
construction or maintenance operations. Such 
Sheathing Would not be installed as a pressure 
vessel but is perforated to allow free passage of 
gas into the insulation so that the sheathing 
would not collapse under differential pressure 
during operation. 
The adsorbent 2 may comprise One or a nix 

ture of two or more of the well-known adsorbent 
materials such as an adsorbent clay, attapulgite, 
fuller's earth, activated carbons and charcoals, 
bauxites, aluminas, calcium sulfate, Silica. Or alu 
mina gels, etc. These materials are all solids, and 
may be prepared for use in a variety of Ways. 

- In operation, the adsorbent material is cooled 
by the methane gas entering the storage vessel 
and the methane is adapted to be adsorbed in 
progressively increasing amount by recycling the 
gas. Unadsorbed gas is discharged from the stor 
age vessel through the discharge System and is 
returned to the heat exchanger through the 
pipe 23 for heat exchange with the incoming gas 
to precool the incoming gas. The unadsorbed 
gas after passing through the heat exchanger is 
discharged through a pipe 28 which connects with 
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The unadsorbed gas is thus mixed with the in 
coming gas and is recirculated through the SyS 
tem. Passage of the unadsorbed gas through the 
adsorbent bed reduces the temperature of the ad 
Sorbent 2 by removal of sensible heat from the 
adsorbent bed and removal of latent heat of ad 
sorption, the heat being carried away by the gas 
Which iš drawn off for recirculation through the 
refrigeration system. Progressively, the adsorb 
ent material will gradually be chilled down to a 
temperature approaching the inlet methane tem 
perature. The lower the temperature of the ad 
sorbent bed the more methane it will adsorb up to 
its indicated maximum capacity. 
When it becomes necessary and desirable to use 

the gas in storage, a warx illethaiae or natural 
gas is circulated by the Coini'cSSG 5 through 
the heat exchanger and through the refrigera 
tion apparatus 9 which is now used as a heater to 
increase the temperature of the circulated g3.S. 
The refrigeraticin apparatis is converted to a. 
heating systern by circulating therethrough in 
heat exchange reiation with tine gas, ia:Gati from 
a source of supply indicated at 39 which might be 
a steam boiler plant, the steals being circulated 
through the pipe connections 3 aid 33 with the 
refrigerating coil. The heated gas is thei) paSScd 
through or aroundi te Separator colulin í i 
(which now has no finction) and into and 
through the adsorbent, storage ised through the 
distributiom duci; 2. On passing through the 
adsorbent bed the comparatively warn gas adds 
heat to it, raising the temperature thereof, adding 
sensible heat to the adsorbent, and fu: "hishing 
the latent heat of desorption for the nethane ad 
sorbate, thus effecting its release 3:S a free Wap0? 
or gas. The desorbed gas thus freed is led gui 
through the heat, exchanger and coin pressor 
for release through an orifice in eter 34 &nd de 
livery pipe 33 for repressuring the gas supply in 
a pipeline or for use as desired. 

In addition to storage of methalae, the inven 
tion involves separation of methane and/or othel 
hydrocarbons in natural gas, from nitrogen which, 
as above stated, occurs in the natural gas in 
variable amounts from certain natural gas field 
sources. The nitrogen not being combustible and 
having no heat value decreases the B. t. ul. value 
of the natural gas iniz:ture Cn a voiulie basis. 
Therefore, nitrogen is usually and juistiy regarded 
as an undesirable dilutent or impurity. "io alvoid 
the expense of handling the initroger through a 
pipe line transmission and distribution System, 
the nitrogen should be renoved. 

I have found that nitrogen and methane as a 
natural gas mixture can be separated by neans 
of the adsorbent, bed when the gas rhiz:ture is 
passed through the bed of solid adsorbent with 
both the mixture and the adsorbent bed at ten 
peratures just above the liquefaction tempera 
ture of methane at the contact, pressure. Under 
these temperature conditions, the aethane is 
adsorbed on the adsorbent as an adsorbate, but 
the nitrogen is adsorbed to a lessel extent as 
shown in Example 4 hereinafter included and 
the unadsorbed nitrogen passes through the ad 
sorbent bed as a free gas. The nitrogen. So re 
leased ean then be disposed of as required under 
the operating conditions, if it has no further 
value. After processing a methane-initFoger natural 
gas mixture as described, the adsorbent eventu 
ally becomes saturated with the Inethane ad 
sorbate, and no longer removes methane from the 

the pipe 5 on the suction side of the compressor. 75 gas mixture under circulation. 
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The valuable methane adsorbate can be re 
covered from the adsorbent when needed by cir 
ºulating gas through the adsorbent bed at a tem 
perature higher than the separation or ad Soring 
temperature in the same manner as previously 
dieScribed. 
Attention is directed to the fact that it is post 

Sible and practical to desorb at a changed pres 
Sure than the adsorption pressure, thus altering 
the equilibrium to desorb at a more favoraile 
temperature, however, under iOrial Operating 
conditions desorption would be accomplished at 
adsorption pressure. 

If the container of the adsorbent should I'up 
ture and the adsorbent spill out on the gF’Oidä 
it Will not flow as a liquid nor wil; the gaS eScape 
rapidly as a free gas. The adsorbent will iíae'ey 
accumulate in a pile as a solid at the location Where it is Spilled. On exposure to at:nospheric 
temperatures, the methane will eScape slowly as 
a gas fron the pile of Solid material. This is 
because the latent heat of desorption required to 
release the gas from the adsorbent as vapor must 
be obtained from the atmosphere or other source. 
This effect or flow of heat is retarded since the 
Comparatively low temperature of the solid a 
terial causes the atmospheric moisture to con 
dense thereon as frost or ice, thus insulating the 
material fron further increase of temperature 
Crheat input from atmosphere which slows down 
escape or vaporization of the gas. 
The results are given by the following examples: 

Eacampie i 

Results on the adsorption of the adsorbate 
methane, on the adsorbent attapulgite (actiyated 
at 316° C., 30/60 mesh) : 

Capacity of adsorb 
ent for adsorbate 
methane, CH4, 
at 800 mm. Hg 
pressure 

Temperature in degrees Centigrade 

O---------------------------------------- 16.5 migram. †???????? 340 ???????????????????????????????????????ml.igran. 

Results on the adsorption of the adsorbate 
Klethane on the adsorient carbon (connercial 
sample, 20/60 mesh): 

Capacity of adsorb 
ent for adsorbate 
methane, CH, 
at 800 mm, ? Eg 
pressure 

Temperature in degrees Centigrade 

.mlfgram 17.7 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? - - - - - - - - - - - - - - ? ? ? ? ? ? - O ”25?? 
1590--------------------------------------- 335 mlfgram. 

ECampie 3 : 
Results on the adsorption of the adsorbate 

methane, on the adsorbent bauxite (activated 
i 100° F. 20/60 mesh) : 

Capacity of adsorb 
ent for adsorbate 
methane, CH, 
8t 800 mm. Hg 
preSSure 

Temperature in degrees Centigrade 

C---------------------------------------- 2.0 mlfgram. ??? | 145 migram. 
ECample 4 

Comparison of results on the adsorption of 
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6 
methane CH4 and nitrogen Na, On the adsorbent attapulgite (activated at 316o C. 30/60 mesh): 

Capacity of adsorb. 
ent for adsorbate 
8t . 800 mm. Hig 
preSSure 

Temperature in degrees Centigrade 

Meghane, +25. C-------------------------------------- 
Methane, -160° C--- 340mlfgram. 
Nitrogen, -25 C-III 7.4.gram. 
Nitrogen, I-1559 C 2 ????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?. Enligran. 

16.5 m1/gram. 

It is to be emphasized that the drawing is Schematic and has been made as simple as pos 
purposes and it is obvious 

that various bypasses, automatic controls, valves, 
etc. are used to obtain the inost advantageous 
heat balance and design consistent with econom 
ics, engineering, local gas pressures and tem 
peratures and other attendant local gas pres 
Sures and temperatures. Such additions, how. 
Yes Will not change the principies of the 

vention as herein described. 
From the foregoing it is obvious that II have 

provided a praetical, safe and economical method 
of storing methane or natural gas through ad 
Sorption by a solid adsorbent Material at rela 
tively low pressures and temperature conven 
iently above the liquefaction temperature of 
methane. It is also obvious that the adsorbed 
gas is readily released for use When it is desired 
to augment the flow volume in a pipe line at times 
of high demand for gas. 
While I have specifically illustrated and de 

Scribed the adaptation of my invention to the 
storage and stock piling of natural gas, it is ob 
vious that other gases may be stored in like man 
ner by maintaining temperature Suitable for 
holding the gas as an adsorbate in an adsorbent 
material. 
What I claim and desire 

Fatent is: 
1. The method of storing a high pressure natu 

ral gas on a solid adsorbent material and releas 
ing the gas from storage when needed including 
90oling the gas to a temperature above the lique 
faction temperature of the gaS, bringing the 
cooled gas into contact with a solid adSOrbent ma 
terial to effect adsorption of the gaS On said ma 
terial, maintaining the adsorbent Imaterial at a 
temperature for holding the adsorbed gas as an 
adsorbate in said material, heating the natural 
gas When storage gas is needed, passing the 
heated natural gas to the place of adsorption to 
release the adsorbed gas, and mixing the released 
gas With the heated natural gas. 

2. The method of storing a high OreSSUire natu 
rai gas on a solid adsorbent material including 
gooling the gas to a temperature above the lique 
faction temperature of the gas, bringing the 
Cooled gas into contact with a solid adsorbent 
material to effect adsorption of the gaS. On Said 
material, recirculating unadsorbed gaS to the 
place of cooling, and returning the unadsorbed 
gas to the place of adsorption to maintain ad 
Sorbent at a temperature for holding the adsorbed 
gaS as an adsorbate in said material. 

3. The method of storing a high OrESSLIre natu 
ral gas on a solid adsorbent material including 
cooling the gas to a temperature above the lique 
faction temperature of the gas, bringing the 
cooled gas into contact with a solid adsOrbent; 
material to effect adsorption of the gaS On Said 
material, removing unadsorbed gas from the place 
of adsorption, bringing the unadsorbed gas into 
heat exchange relation with incoming warm gas, 

to Secure by Letters 
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mixing said removed gas with the incoming gas, 
cooling. Said mixture and passing the cooled mix 
ture into contact with the adsorbent material 
to effect adsorption of additional gas, and main 
taining temperature of the adsorbent material 
at the place of adsorption to hold the adsorbed 
gas as an adsorbate in said material. 

4. The method of separating and storing a gas 
component of a mixed gas stream on a solid ad 
Sorbent material including cooling said gas 
stream to a temperature above the liquefaction 
temperature of said component gas to be sepa 
rated and stored, bringing the gas stream into 
contact with a solid adsorbent material to effect 
adsorption of Said component gas on said ma 
terial, removing unadsorbed gas from the place 
of adsorption, bringing the unadsorbed gas into 
heat exchange relation. With the incoming gas 
stream, mixing the unadsorbed gas with the in 
coming gas stream, cooling said mixture and 
passing the cooled mixture into contact with the 
adsorbent material to effect additional adsorp 
tion of said component, and maintaining tem 
perature of the adsorbent material to hold the 
adsorbed component gas as an adsorbate in said 
material. 
5. The method of separating and storing the 

methane content of natural gas on a solid ad 
sorbent material including cooling the natural 
gas to a temperature just above the liquefaction 
temperature of the methane content of the gas 
at storage pressure, bringing the natural gas 
into contact with a solid adsorbent material to 
effect adsorption of the methane on said ma 
terial, removing unadsorbed gas from the place 
of adsorption, bringing the unadsorbed gas into 
heat exchange relation with incoming warm 
natural gas, mixing the unadsorbed gas with the 
incoming natural gas, cooling Said mixture and 
passing the cooled mixture into contact with the 

IO 

15 

20 

25 

30 

40 

8 
adsorbent material to effect adsorption of addi 
tional methane, and maintaining temperature of 
the adsorbent material to hold the adsorbed 
methane as an adsorbate in said material at 
Storage pressure, 

6. The method of storing natural gas on a 
Solid adsorbent material and releasing the natu 
ral gas from storage when needed for use in 
cluding cooling the gas to a temperature just 
above the liquefaction temperature of the gas, 
bringing the gas into contact with a solid ad 
sorbent material to effect adsorption of the gas 
On said material, recirculating unadsorbed gas to 
the place of cooling, returning the unadsorbed 
gas to the place of adsorption to maintain ad 
Sorbent at a temperature for holding the ad 
Sorbed gas as an adsorbate in Said material while 
in storage, and heating the adsorbent material 
to release the adsorbed gas when the gas is needed 
for use. 

CARL W. SPANGER. 
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