A METHOD OF PRODUCING A. MATERIAL FOR ADSORPTION OF FLUIDS Technical Field 5The
present invention generally relates to an adsorption material for adsorbing fluid. The present invention
also relates to an apparatus comprising the adsorption material and to a vehicle for transporting fluids.
10 Background Ammonia is widely used as a raw material for chemical processes. Ammonia is a

corrosive andv¥EHrESEEF g FRPRP ISR RoMRETEREr sHHRi P $ORREAMTe ST HERISRS in many

industrial processes, it is important to remove ammonia from the process or exhaust stream.
Ammonia is commonly stored as a liquefied gas under high pressure. This requires the use of
pressure vessels, 20 which is expensive. W%&F&&%?erﬁié Gangerous to store ammonia at high

pressurgs becausetibe prassys vesselsdais (in dugilogragks fprmed in thgssurfage of the vessel),
a sudden release of ammonia to the atmosphere may result. A sudden release of ammonia gas 25

may be explBSIe TR I mIPE tRETBtkasE F a 1BRRGRME ofFitbdnia §&Sto PEBABEPhere
could be toxicrtediumans and stheranimads It vall barappiggiatesthat tt&ﬁ'&g@ﬂg ressterage of

ammonia is a particular problem when the 30 ammonia gas needs to be transported from one locale to
another. QS hATe tF&foThy AmnidHia at Rig preirssiR toftsre BRARGHR BRHRFadsorbent

material. Ho@ewer éhe capacity of known absorbent material has been quite
10
Background
) Ammonia 1is widely used as a raw material for
chemical processes. BAmmonia is a corrosive and very
reactive gas that is toxic to humans in sufficient
15 quantities. Therefore, in many industrial processes, it
is important to remove ammonia from the process or
exhaust stream.
Ammonia is commonly stored as a liquefied gas under
_ high pressure. This requires the use of pressure vessels,
20 which is expensive. It is also potentially dangerous to
store ammonia at high pressures because if the pressure
vessels fails (i.e. due to cracks formed in +the surface
of the vessel), a sudden release of ammonia to the
atmosphere may result. A sudden release of ammonia gas
25 may be explosive. Furthermore, the release of a large
guantity of ammonia gas to the atmosphere could be toxic
to huvmans and other animals.
It will be appreciated that the high pressure
storage of ammonia is a particular problem when +the
30 ammonia gas needs to be transported from one locale to
another.
An alternative to storing ammonia at high pressures
is to stofe ammonia on an adsorbent material. However,

the capacity of known absorbent material has been gquite



low, particularly at ambient temperatures and pressure. To overcome this problem, it is known to
adsorb and desorb gas using extreme conditions (such as relatively high pressures and low
temperatures) to increase the 5 storage capacity of ammonia on the adsorbent material. There is a
need to proVidle, adsetieht widterAals that GWPE6ME oF ANRASEAMERGalRTShe F $REPETS the

disadvantages dgseribed aboye, ;Thets, is;3 nged tq provide adsgrbentmaterials hat 10,gan adsorb
gases reversibly under relatively moderate temfoeratu.reg, and pressures and yet posses relatively high
adsorption égsauily. gas THEAIS aReta ABEd teBdYfeecatisorbBHE hafetialsahatdatfadsorb

solutions sqpﬂ?%s agygg%gggnogiﬁdw %Lytioge%_gm%%éég:prdigg toa,fikst embodiment, there is

provided a method of producing an adsorbent material capable of 20 adsorbing fluid, the method
compriBing STesRFOIBPRSHEVArPACTVEICE tarbon Bl &rE Pollr IFgaFiE Sdivent before

impregnating the agfjyated carbon rpateriabwith-a-sele Accidingdn @ secend amiodiment, there is
provided a 25 method of producing an adsorbent material capable of adsorbing fluid, the method

comprising BHESEPEDF: O (BfexgSHT anBbARKPFboRMRatePEl td"] Folardrgahisolvent;

(b) removing a4 é@%&g@ggn ot the-pelas organie 30 solvent from the activated carbon material;
(c) introducing a salt to the activated carbon material_in the presence of an aqueous solugon; and

(d) removing the abliBs6s 5lufort¥rsif e athRAtddEarBOR NTaeha, materals tha

10 can adsorb gases reversibly under relatively moderate
temperatures and pressures and yet posses relatively high
adsorption capacity.

There is also a need to provide adsorbent materials
that can adsorb solutions such as agqueous ammonia

1.5 solution.

Summary
According to a first embodiment, there is provided a
method of producing an adsorbent material capable of
20 adscorbing f£luid, the method comprising the step of
exposing an activated carbon material to a polar organic
solvent before impregnating the activated carbon material
with a salt.
According to a second embodiment, there is provided a
25 method of producing an adscrbent material capable of
adsorbing fluid, the method comprising the steps of:
{a) exposing an activated carbon material to a polar
organic solvent;
(b) removing at least a portion of the polar organic
30 golvent from the activated carbon material;
(¢) introducing a salt to the activated carbon
material in the presence of an aqueous solution; and
(&) removing the agueous solution from the activated

carbon material.



The method may further comprise the step of calcinating the adsorbent material. According to a
third embodiment, there is provided an adsorbent material made in a method according to the 5 first
embodiment or the second embodiment. According to a fourth embodiment, there is provided the
use of an adsorbent material made in a method according to the first embodiment or the second
embodiment, for adserptiarohaduidmi@According s a fithembogimentheheresisguovided an
apparatus for itoringgluid com risiigg: el Eousigg hav'ing a chamber for enclosing adsorbent
material the?g‘lnf:t]h% a&s%fbel%’t ma er%?cgrrﬁprirg%g an activated carbon impregnated with a salt; and
15at least one condluitcexdengirigp thr odghriheshbusihgeand intesthe damber foetiansfer of fluid to and

from the chambstynceprding tg An Aspect, ihereyis proyidsd an apparafys;forstoripg fluid

comprising: a housing 20 having a chamber for enclosing adsorbent material therein, the adsorbent
materid corhpHSihgrractivaget cabohlifpresieated STPra aRgaltsalt, wherein the metal is selected

from the group congisting of greupdAdpells, grerlimetals.and group ik metalsief the Periodic 25
Table of elements, and mixtures thereof; and at least one conduit extendi%%through the housing and

into the chaifiSer for t3RsRIBPANENS alid Hoht fhe dRfTbet"3ain Bifd BRtbodineii ithe%adsorbent
material is raadedne niethed aceardingde the fisst eathodimesbaathesseaichembpdiment.
According tg gs%ggteirggocg?egt,ftfgg% i:s provided an apparatus for storing fluid comprising:
10 Acecording to a fifth embodiment, there is provided an
apparatus for storing fluid comprising:

a housing having a chamber for enclilosing adsorbent
material therein, the adsorbent material comprising an
activated carbon impregnated with a salt; and

15 at least one conduit extending through the housing
and into the chamber for transfer of fluid to and from
the chamber.

According to an aspect, there 1is provided an
apparatus for storing fluid <comprising: a housing

20 having a chamber for enclosing adsorbent material
therein, the adsorbent material comprising an activated
carbon impregnated with a metal salt, wherein the metal
ig selected from the group consisting of group IA metals,

group IIA wmetals and group VIII metals of the Periodic

25 Table 0f elementg, and mixtures thereof; and

at least one conduit extending through the housing and
into the chamber for transfer of fluid to and from the
chamber.

30 In one embodiment, the adsorbent material is made in
a method according to the first embodiment or the second
embodiment.

According to a gixth embodiment, there is provided an

apparatus for storing f£luild comprising:



a housing having a chamber for locating a fluid adsorbent material therein; at least one conduit
extending through the housing and into the chamber for transfer of fluid to and from 5 the chamber;
and a heat exchanger for driving adsorption of fluid onto the fluid adsorbent material or for driving
desorption of fluid from the fluid adsorbent material, or both. 10According to another aspect, there is
provided an apparatusifonsierng Reidicompesinghartisusing bavingaeshdmiperdor €ncaloding a fluid

adsorbent m tseg%kthggeir@ he %% ortﬁ%ntrmatgrial comprising an activated carbon impregnated with a
metal salt, whérein fie metal 15718 seletted from the group consisting of group IA metals, group Il1A

metals and group ¥HI netatsofthe Perodic Tablexof etehhents, -ancbmiptiures ¢herenfsanlgast one

conduit extending.through.the housing and. into the_chamber fqr transfer of fluid_ to.and from the
chamber; 28%‘#@ jéi]mh{:’e?f.:lt gﬁ?c aﬁg%‘}“ TE(’)%rﬁri\c/%lf.@:]f a S‘ﬁﬁ%%gf fﬁ%:j fr?t%lf e lﬁd%&gornéié:ré%material or
for driving deserptioandfdhuid &om the fluid adsorbent material, or both. According to a seventh

embodiment, there is provide 2 I pr ggt}sp&@i fluids, tggcy Lq%ﬁon}%isi@g' ;g ahousing
having a chamber Tor Bo%aa%ng%a ﬁ\{lﬁ%ﬁ;&(%sorbent mater?égijfhjéfeiﬁ; andag at least one%%)nduit
extending thiyotigh thehisousinbrarnt indhedpeniber ferttrinster of fiid td e chamiber®or from the

chamber, oghatl, . :AGcording (g ye soalhet aspact herelsrpided ayehicle or tragsporting flid

comprising: a housing having a chamber for enclosing a fluid adsorbent material therein, the adsorbent
material compkisSing an 10 activated carbon impregnated with a metal salt, wherein the metal is

selectgg from the group,cengisting,of group,lA-metals. groupd i metals.and.group VAl mgtals of the

Periodic Table of elements, and mixtures thereof, and at least one conduit extending through the
housing an@PRGUBHHE chdifiber f6-@aRgTEr of Lt theERRTHBELBfrom e cHaRTIE or both.

In one embegdimant, the vebigle is aself-prapelied vghigler1uid adsorbent material
therein, the adsorbent material comprising an activated
carbon impregnated with a metal salt, wherein the metal

15 ig selected from the group consisting of group IA metals,
group IIA metals and group VIII metals of the Pericdic
Table of elements, and mixtures therecf; at least one
conduit extending through the housing and into the
chamber for transfer of fluid to and from the chamber;

20 and a heat exchanger for driving adsorption of fluid onto
the fluid adsorbent material or for driving desorption of
fluid from the fiuid adsorbent material, or both.

According to a seventh embodiment, there is provided a

vehicle for transporting fluids, the vehicle comprising:

3a



In one embodiment, the fluid adsorbent material is 20 made in a method according to the first
embodiment or the second embodiment. Definitions The following words and terms used herein
shall have 25 the meaning indicated: The term 'fluid’ is to be interpreted broadly to refer to both a
gas phase fluid and a liquid phase fluid. The term 'activated carbon' is to be interpreted broadly to
include any carboramateriatithat iseapaigie af 30chdsdrption Db fluid.cca tinkgssespdatifisdiotherwise,

the terms co s%_r{%ré tartlrgatceorrripgiseth%nd ggla.mgaacal variants thereof, are intended to represent

"open" or "inclusiveé language such that tﬁgy inclide recited elements but also permit 5 inclusion of
additional, unrecited-elémaats. cneAsagseditidreinxthendimdabdutuythe Wontelkbobdorentrations of

Compo“e”t%fl[ithfrf%“%ﬁ‘go%%a%ﬁ%@"yf%‘]fea@%ﬁs%‘@x"f ihe staadyvalye  more-fypigally +/- 4% of

the stated value, more typically +/- 10 3% of the stated value, more typically, +/- 2% of the stated

value, évenanorfarypicaliy %E%bﬁflfhe @Eat@@_ttélue, and even more typically +/- 0.5% of the stated
value. Throyghout his disclosire, ceriain embodiments may 1a bedigclasadying range format.

It should be understood that the description in range foLmat is merely for convenience and brevity and
should not beeBéstfued ad @h inflekibRIRRAtIoHSN the Sevpélof thesafdesedRanges. Accordingly,

the description af;a,gange.shayldbe. 5 copsidereg;to bave speciically disclosed allihs pssible
sub-ranges as well as individual numerical values within that range. Detailed Disclosure of
Embodimentgdterial therein, the adsorbent material comprising an
10 activated carbon impregnated with a metal salt, wherein
the metal is selected from the group consisting of group
IA metals, group IIA metals and group VIII metals of the
Periodic Table of elements, and mixtures thereof; and at
least one conduit extending through the housing and into
15 the chamber for transfer of fluid to the chamber or from
the chamber, or both.
In one embodiment, the vehicle is a self-propelled
vehicle.
In one embodiment, the fluid adsgorbent material isg

20 made in a method according to the first embodiment or the

gsecond embodiment.

Definitions
The following words and terms used herein shall have
25 the meaning indicated:
The term ‘fluid’" 1s to ke interpreted broadly to
refer to both a gas phase fluid and a liguid phase fluid.
The term ‘activated carbon” 13 to be interpreted
broadly to include any carbon material that is capable of

30 adsorption of fluid.



10 Process for producing an adsorbent material An embodiment disclosed herein relates to a
method of making an adsorbent material. The method may provide improved impregnation of salt, and
in particular CaC12, within the adsorbent material. Due to the gas adsorption 15 capacity of the
produced adsorbent material, the method may realise benefits in scalability of the process to
large-scale applicalimhssFhesgetivafad:darlodartdrial mayive sekowsl fronethrrgrolpLbnsisting of
carbon gra S, E fibers, 20 carbon -fiker,.graphj ial, trix,, carbon powder
and carbon%l{éll% QBCF %Bsral tSn%a)? begglmetgl halid%%;&fl? irhtg)l %e?ﬁﬁ%@ b%%%%cﬁg froarlr%%he group
consisting ofryremelel metals egroepa it merals mhdejrolip- Wi rietals 'of #saPeaesic 25Ctable of

elements, a{gixtugﬁgyergglfc if@géﬁaliggég%)ége sglegied fram tggigro%ggpsigg%gfgluoride,

bromide, chloride, iqdide and mixtures thereof. In one embodiment, the metal is calcium. In another
embodimenited haldaiswchl Gt 1a 9BRanother 80 EhfSbdih@RERRE salt is calcium chloride (CaC12).

Other exemplary sglts maye,barium chigride,.pickel €hjorides magpesiym chigrids,cobgalt chloride

and strontium chloride, bromide fluoride and calcium iodide. The salt may be a solid or a salt
solution. THEAREIGREYASESHIErelatife to ESRANAHE matefial nfdyhe sEREWH.FGHIAE range of

groups consisting.gfahout 10%to ahout 50%6; abggt 2% 4o abeukERY6; 3RauL30% teu5-about 50%;
about 40% to about 50%; 10% to about 40%; about 10% to about 30%; about 10% to about 20%.

Exemplary WeRjHERatios of salt5rboh it e matdrid nis B selBQES flodk itPdrblip 10790, 20:80,
25:75, 30:7@ and, 85:6h<T herdasired sali-garbomsatio maybepbigined.hy 10adjusting the amount of

salt introduced to a given weight of carbon material.  _It has surprisingly been found by the inventor

that the intrS8GCtRMA of 8aito catBER iNtREDresERLE dt d¥holhf orghhic SbivEREWiF fAUTD enhanced
adsorption 15 ahiitiesof{dhecarhonmpateriak-Without Peing boundsly theoryHids thosgbtithat the
polar organic slolvent may assists the salt in impregnating the activated carbon material.

value.

Throughout this disclosure, certain embodiments may

15 be disclosed in a range format. It should be understood

4z



The polar organic solvent may be a low carbon polar 20 organic solvent. The polar organic solvent
may have from 1 to 6 carbon atoms, 2 to 6 carbon atoms, 2 to 4 carbon atoms or from 1 to 4 carbon
atoms. In one embodiment, the low carbon polar organic solvent is selected from the group consisting

of alcohols, iEHérs, BRRhy 888 HEiSHELTS ahl caflifR§fc a&BE™at|n dfe eREaINentEfe alcohols
are selected fpuLieaodp £aRSiplng 9t pethanok ethang! sepanol Jusianahand hexagel. In one

embodiment, the ethers are selected from the 30 group consisting of dimethyl ether, ethyl methyl
ether, dieth%‘é@ﬂ@ﬁ?@ﬂ%ﬁ propyTE iR Lo/ diffopyF&tfier. S CORfoNSEMbbRfnerft it WY des are
selected frop HigeGyoun ceBgiglRG 0 formakietiydesmigetaldehyste, aropangilelyde: wtysaldehyde,
iso-butyraldehyde. In one embaodiment, the ketanes are selected from the group consisting of
acetong, pr&SaTHe BEfinote an&‘%gﬁutaﬁ&?&%ﬁé%aﬁh%’ted éé%%ciﬁﬁf%rialﬂ'j)y be'@¥posed to the
5 polar orgasissalvert atsuismpehatese selgcteddmm thesgrotipeorsiatiag of ahews 206a about 25C,
about 30C, about 35C, ahout 40C and about 45C. In one embodiment the activated carbon material is
exposed to FRH6Sr Hﬂgﬁ@s&ggﬁ at A ambient temperature range of about 10 18 to about 30C.
The activated carbon material may be exposed to the polar organic solvent at a pressure selected
from the group consisting of about 0.5.bar.to about 4 bar .é?ggr about 3, about 0.9 bar to about 2,
and about 0.9 bar 15 to aboﬁ? H".L necc)lnéﬁ %r’h‘ggﬁf’r%éxnett goac |vaﬁé%né%ﬂ)%sn material is exposed to the
polar btganiesotwent arapressetiaof aboatil beis o rbamnememisadiment, the activated carbon
materialis exposegl o 0p polar organic slSOLA! SRS MG ates to & method of

making an adsorbent material. The method may provide

improved impregnation of salt, and in particular Cacll,,
within the adsorbent material. Due to the gas adsorption

15 capacity of the produced adsorbent material, the method
may realise benefits in scalability of the process to
large-scale applications.

The activated carbon material may be selected from
the group consisting of carbon granules, carbon fibers,

20 carbon nanc~fiber, graphite material, carbon matrix,
carbon powder and carbon felt.

The salt may be a metal halide salt. The metal may be
selected from +the group comsisting of group IA metals,
group IT2 metals and group VIII metals of the Periocdic

25 Table of elements, and mixtures thereof. The halide may
be selected from the group consisting of fluoride,
bromide, chloride, iodide and mixtures thereof.

In one embodiment, the metal is calcium. In another
embodiment the halide is chloride. In yet another

30 embodiment, the salt is calcium chloride (CaCl,). Other
exemplary salts may be barium chloride, nickel chloride,
magnesium chloride, cobalt chloride and strontium

chloride, bromide fluoride and calcium iodide.



20 selected from the group consisting of about 10C to about 80C, about 15C to about 50C, about 15C
to about 40C, about 15C to about 30C, about 20C to about 30C. In one embodiment, the activated
carbon material is exposed to the polar organic solvent at ambient temperature and 25 pressure. It is a

particular advantagga®f the embgdinents, that telimgregratian of he salidntethgactivetgd carbon
material may be undertaken at low temperatures and pressures as this may reduce the costs

associated WA Produttiditof Hd hdSbeithgteRiq. SEFREPoLF orgaRicieshaht Aiay Ba¥emoved
from the actiateseaarbendnatedal byreneairaere of healing desiseaiins: exgpaticipsakgination,
drying, dryi nder vacuum, of. drying using heated gas. In one embodiment, the polar organic
solvent is réﬁg\/eﬁ%y %%gé%rat%gg" t’heas%ﬂ}é%t %?Pd%fu?fﬁ’er?)}ﬁgﬁﬁg A hehtedHE s@cq\%strﬁtrogen,
througlt the smatatial. Slite;evaparationdbay he casteshiout 806 fempetature ragigeb-selegted from a
group consisting of 50 tq 100C, 6QC tq. 100C, 60C t C, 60C to 80C, 6QC ta 70C. In one
embodime‘n%%ﬁ%“gevi%o"ra%gn ?s%c?é‘}%eé%ﬁf af = B pglrgt réth HEFR gg %O 1o 188EPTRE Keated gas
used for drywsgithietactivatetbearbofi matetiat grythisranyl gas tBdhatistieert &4 thespglar beganic

solvent. In one,embodiment the gas is nitrogen.,  The agyequs solyion.may he repoved from the
activated ca%lfa%r? ?n%a%giria%%frgneggre m re%%e%t?ng, ésig:gfi%?,’ev%p?drﬁbn,gc%arg;r?atigﬁf%rying,
drying 15 urider &aculdiheor degngeding dbatethgdsyin arctémbudignebethelagaeoasisdiytion is

remo qpl by(a/ g@ﬂg fg&llw QY;R@S i ggaﬁ t 3s ctivated carbaon material. The
heate\% gas ?na@%)e an)g gas%e?%é inert t%%he ac?}?/a%t%l(? c§%‘c§%%r%gtg§a%lnégriggmggai%%%t 20 the
heated gas &thigagen maEtemeathod may further involve calcination of the activated carbon material.

Calcination may be,catried o ur C r consisti a 00C to
about 500C, aboutﬁl%g{ée % agb&o%{%%%%%}g %%}abgﬁi%%ogg%gﬁggﬁ?g 48%% gggfté§§6% to%gt%%t 400C,
about 120Ctbebai 300 &lbbon 1 50T ®Rrafout 250G Eerabbut 136C prasan@900L aln one

embodiment, gaginalion i qatriathayiaaboul 300G Jaanaiber sehiment, gleipgian s caried 30
out at about 175C, particularly where a hydrous salt is used such as CaC12-H20. T uid adsorption

materidt prepliddlidcdrding to-ite disuiésel meathed ady b&léidbebié obadswrbingunitlidosbntaining
atoms selected frpm the group Gansisting %HE’@%B&%B&%%@&&H@ & vhydrogen, (H),

chlorine (CI), fluorine (F), carbon (C), and combinations thereof. In ocne embodiment, the fluid may be a
gas selecte@FoaFtHe gfdtd coisistindof aHRBRIBNATdMFenEifidaduifirbridesssirher SO.,

material.
The polar organic solvent may be a low carbon polar
" 20 organic solvent. The polar organic solvent may have from
1 to 6 carbon atoms, 2 to © carbon atoms, 2 to 4 carbon
atoms or from 1 to 4 carbon atoms. In one embodiment, the
low carbon polar organic solvent is selected from the
group consisting of alcohols, ethers, aldehvdes, ketones

25 and carboxylic acids.

In one embodiment, the alcohols are selected from the
group consisting of methancl, ethanol, propanol, butanol
and hexanocl.

In one embodiment, the ethers are selected from the

30 group consisting of dimethyl ether, ethyl methyl ether,
diethyl ether, ethyl propyl ether and dipropyl ether.

In one embodiment, the aldehydes are selected £rom
the group consisting of formaldehyde, acetaldehyde,
propanaldehyde, butyraldehyde, iso-butyraldehyde.



5 hydrogen chloride, chlorine, nitrogen oxide such as NOx, formaldehyde, polar hydrocarbon and
mixtures thereof. In another embodiment, the fluid is liquid ammonia. Vehicle for Fluid Transport 10A
disclosed embodiment also relates to a vehicle for transporting fluids. The vehicle comprises a housing
having a chamberifor lacatirgne ddichedsoybeartiendteraiiberemrA contlait eaténds darotdiethe
housing and into the chamb%r.for tra@ls)fear oftfluid to and from the-15bch@mnber. The guid adsorbent

material pro%fﬂoe"clﬁn e ﬁ%ﬁsﬁa%a%/ e gr?y gﬁgdrbgrﬁoc?a%%gféedf ad‘icl,o‘r?blr?é1 fiuid"tcr 58 ammonia
gas or ammionizakgene: . The vehicle may be a self-propelled vehicle such as a truck or a tractor. In

other embodiments, the_vehi b ey railer that.is propelled other vehicle.
The vehicle may c@?r%pr%ﬁiﬁgﬁg’c%%%§$or"%%%gé£o%%% n %F flu%% %#t%%%é%%id%%gorbent
materidl or oo Having vesvAstios ol ffeidfroattha flbiidsoriant enaedaictreidot rive Hdwt exchanger

may 25 be | cr%tgg]wgg TgMging.f agg%ye%edpaya@(%ocris%go@id Rynp.for yjpg fluid to
and from thé chamber. The fluid pump may comprise a blower for moving gas to and from the

chamber. Th&oEhicRTay cabpwse 4 DiGrarndf Bbwsitgs430Gvheksin enecremissiimesaid plurality
of housings gie capable, it aeinada sk comupunigalion with eagh.aiber. FLuic Slorags Apparatus

In another embodiment, there is also disclosed a fluid storage apparatus comprising a housing having
a chamber BEGHAdiAg BFRTEBES et PnA8WE eidre FEBIREHOUEh gERST Ra Pt |88t Whe conduit
extenging thypugh, thg,haysing@nd into the chamber for transfer of fluid to and from the chamber; and
a heat exchanger for driving adsorption of fluid onto the fluid adsorbent material or for driving

desorption of fluid¥fsin Be-10 atRGdSEHRARMERTRE Gt bofR2 Yhé fie S7EXRHRYF PraltR a conduit

extending inte tha-hoysinerse-thaldhe egter suifage tﬁ%gqlcgjit nayhe-wrontagkwithyhe fluid
adsorbent material in use. The conduit may be in the form of a disc and may be provided at the bottom
of the group consisting of about 0.5 bar to about 4 bar, 0.8 bar
to about 3, about 0.9 bar to about 2, and about 0.9 bar
15 to about 1l.1. In one embodiment the activated carbon
material is exposed to the polar organic solvent at a
pressure of about 1 bar.
In one embodiment, the activated carbon material is
exposed to the polar organic solvent at a temperature
20 selected from the group consisting of about 10°C to about
80°%, about 15°%C to about 50°%, about 15°C to about 40°C,
about 15° to about 30°C, about 20° to about 30°C. In one
embodiment, the activated carbon material is exposed to
the polar organic solvent at ambient temperature and
25 pressure. It is a particular advantage of the
embodiments, that the impregnation of the salt into the
activated carbon material may be undertaken at low
temperatures and pressures as this may reduce the costs
associated with production of the adsorbent material.
30 The polar organic solvent may be removed from the
activated carbon material by one or more of heating,
desiccation, evaporation, calcination, drying, drying

under vacuum, or drying using heated gas.



15 housing. In use, cooled fluid may be provided to the heat exchanger to drive the adsorption of fluid
onto the fluid adsorbent material. Heated fluid may also be provided to the heat exchanger to drive the
desorption of fluid from the fluid adsorbent material. 20 Brief Description Of Drawings The
accompanying draWing&fifustRite ettisset e misddimeartd.and sengzetoiexplaio tveptncigles of the
disclosed embadiragnts.it @vt%;b&%ﬁ ogd, howeyer, 25 thatfhe drawings %[gs%%l neg for the
purpose of jllustration only, and not as a definition of the limits of the invention. Ig7 17s a process
flow diagraf&# st o88sy fofpieharfy dniddeemisant nidewalgizcdrimg te s elisedsed Bhe

embodimentvapbith 2812 ChRsg-seftional ¥ieyw gf aéggshacylinger,&%gé%ggﬂ@%ﬂ a&(.jggrﬁgnt material

therein, Fig.s is a cross-sectional view ot an adsorption cylinder containing the mesh cylinder.

Fig. 3e0is a 67 6ictor £ E8BIIRy HUCBBaeans HiE-aasorBforP Byfndes ol BRIG. 560 Qs a side

view of the toaffing disk 4 Figo 3a0°c Figed e asshasoat diggmn el mewmk contginercomprising a
plurality of the adsorption cylinders of Fig. 3. 10Fig. 4a is a cross-sectional front view of an assembly
comprising éﬁﬂﬁgﬁheta%tair@’?ﬂ?ﬁ@ﬁh?éﬂ in 1 4. FRg- 238 top 4w ofaffe assembly of

Fig 4a. temperature in the range 60 to 100°C. The heated gas used

for drying the activated carbon material may be any gas
10 that is inert to the polar organic solvent. In one
embodiment the gas is nitrogen.

The agueous solution may be removed from .the
activated carbon material by one or more of heating,
desiccation, evaporation, calcination, drying, drying

15 under vacuum, or drying using heated gas. In one
embodiment the aquecus solution is removed by evaporation
followed by passing a heated gas through the activated
carbon material. The heated gas may be any gas that is
inert to the activated carbon material. In one embodiment

20 the heated gas is nitrogen.

The method may further involve calcination of the
activated carbon material. Calcination may be carried out
at a temperature selected from a group consisting of
about 100°% to about 500°C, about 150°C to about 450°¢C,

25 about 200°C to about 400°%C, about 300°C to about 400°C,
about 120°C to about 300°C, about 150°C to about 250°C, and
about 150% to about 200°C.

In one embodiment, calcination is carried out at
about 300°C. In another embodiment, calcination is carried

30 out at about 175%, particularly where a hydrous salt is
used such as CaClz-Hz0. The fluid adsorption material
prepared according to the disclosed method may be capable
of adsorbing a fluid containing atoms selected from the

group consisting of nitrogen (N), oxygen (0), sulfur (S),



Fig. 5 is a schematic diagram of a vehicle for 15 transporting gas comprising a plurality of the metal
containers of Fig 4. Fig. 6 is a schematic diagram of an experimental system that was used to
determine dynamic adsorption measurement data. 20Fig. 7a(l) is a SEM photograph of a sample of an
adsorption @?Eﬁg%gﬁmg@ﬁir}g AW ¥ afCatdat a magnification @f 100Q., 1,5 nFige #R(11) is @ SEM
photograph ot a sample of an adsorption material c'omprising 45wt % of CaC12 at a 2& magnification

of 10000. andriepbdng BIMNEPNOIBGEPADt a 3aMMBDf HkgsbiFgIH-matERS céhpdsing 35 wt %
of CaC12 ah%gﬁa%a'ficgiorgafslo%lecteﬁg- £2is arrEMphotparapR,ef asample oban S
e

adsorption material comprising 35 wtof CaC12 at a magnification of 10000. Fig 7c is a SEM

photograph ¥PBaXaHple SHEH-QETHptiSH hdteRal prépafetractiriifgsto £8ERI0od eMBediment
compriging 89 t¥yehCaGl2tofie [d isrm SEMnBhotegrapbgéa sampiof Ancadsatigmmaterial
comprising 35 wt% of CaC12 not prepared according to disclosed embodiment. Fig. 8 is a graph

showing teripemR e e Reighodas aPHH T BaRia it es e BESRmbIRTSRE iméns in the

adsorber of figther embodiment, the fluid is liquid ammonia.

Vehicle for Fluid Transport

10 A disclosed embodiment also relates to a vehicle for
trénsporting fluids. The wvehicle comprises a housing
having a chamber for locating a fluid adsorbent material
therein. A conduit extends through the housing and into
the chamber for transfer of £fluid to and from the

15 chamber. The fluid adsorbent material provided in the
housing may be any absorbent capable of adsorbing f£fluid
such as ammonia gas or ammonia liguid. The wvehicle may be
a self-propelled wvehicle such as a truck or a tractor. In
other embodiments, the vehicle may be a trolley or a

20 trailer that is propelled by another vehicle.

The vehicle may comprise a heat exchanger for
driving adsorption of £fluid onto the £fluid adsorbent
material or for driving desorption of fluid from the
fluid adsorbent material, or both. The heat exchanger may

25 be lbcated within the housing.

The wvehicle may comprise a fluid pump for moving
fiuid to and from the chamber. The fluid pump may
comprise a blower for moving gas to and from the chamber.

The vehicle may comprise a plurality of housings,

30 wherein the chambers of said plurality of housings are

capable of being in fluid communication with each other.



Fig. 9 is a graph showing adsorption capacity (kg ammonia gas per kg absorbent) as a function of
partial pressure of ammonia gas and gas flow velocity. Fig. 10 is a graph showing the
pressure drop as a 20 function of gas flow velocity in an adsorption cell. Fig 11 shows a process

flow diagrarrygfugéesgiggggggty%‘gﬁ' ising;the metal containers depicted in Fig4. Fig 12 is a graph
showing an adsorption température profile of an adsorption cylinder of the test facility in 25 Fig 11.
Fig. 13 is a graph showiRfatifeasErhe bt aftoniabpBefrohs the hasorstibnadingst ofthe test
facility in Fig@hi@DegQi&g_da@%scrgg;@@r%@ggssnggﬁéfo%mm,ggé a(illsao‘;:gg%; material

Fig. 1 shows a schematic diagram of a process 24 for producing adsorbent material capable of

adsorbing fIGREERER ad SmntcHia yiREs anddiids. FRE prowess Mmahend 28 disblsedembodiment

utilizes Activesed Qeeheri figlt (ALY fonadsoration Bad slesoglion ebABmopia g3senqLhg Process 24
comprises an Activated Carbon Fejt (ACF) module 1 comprising a tank 2 of methanol and a mesh
a

cylinder 13 &HiSH PaRREEHESh ARRIAERT 25 fiteifDATRGE JERSclAsVE BEMedhesh
cylinder 13 dzirubiel seen iarfdg. 2rom Ttlesmestuapiager knepmprises @ cifgWrE shanedsiginless steel
mesh side 1 a_%%nlesg(;st%elﬁate top c11137 a%qaaﬁs\ilinless steel plate bottom 19 surrounding 20 an
enclosure 2T TEBclo3aRe 3P i SEck R with HitvhtedG o Hatefialih the FGHPsPSRvated
carbon felt (ASErEad ACE mapbe ahizinbdgordmesiaiyisich ag from Khimvelekno, ehMinsk,
Belarlﬁ)und ithe trade name I?:USOFIT 1-055 or Ton r#i Industrial & Trading Co. Ltd of 25 Jiangsu,
China. T%eur%gsﬁcﬁ%ag;?% sdTREE E3nauif fz%fgqtté ding %r#?%ﬁ%p%ﬁﬁ?éaﬁ%?gh&ﬁﬁ) provided
in the top plie & tocthduwbttoaxplatel 18 9T Hamtandiiite? 2hiswismaagde of stainlessstegiiaesh to allow
the flow of g@ﬁf%@cgg frgp the conduit may be in contact with the fluid
adsorbent material in use. The conduit may be in the form
of a disc and may be provided at the bottom of the
15 housing. In use, cooled fluid may be provided to the heat
exchanger to drive the adsorption of fluid onto the fluigd
adsorbent material. Heated fluid may also be provided to
the heat exchanger to drive the desorption of fiuid from
the fluid adsorbent material.
20
Brief Description Of Drawings
The accompanying drawings illustrate disclosed
embodiments and serve to explain the principles of the
disclosed embodiments. It is to be understood, however,
25 that the drawings are designed for the purpose of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 is a process flow diagram of a process for
preparing an adsorbent material according to a disclosed
30 embodiment.

Fig. 2 is a cross—sectional view of a mesh cylinder

used to contain adsorbent material therein.

10



30 the ACF. The pore size of the mesh side 15 and conduit 22 is sufficient to allow fluids to flow
into and out of the mesh cylinder but is small enough to prevent the ACF from escaping from the
mesh cylinder 13. Fig. 3 shows a detailed cross-sectional view of a housing in the form of an
adsorption cylinder®z Thes 5 adsosption cylinces &2 oonaises awnetal cHindesd«bsyeoLsging an

enclosure 1%‘&%@%@ ﬁg{jlr%d%r 14 is coHQe%ntedléo a tri%getal plate 18 and a bottom metal plate 20.

The conduit 22 extends t roug% 1étlrjiré%er ure pr%\% el dt%ﬁ“metal plate 18 and into the enclosure

10 16. The conduit '§ sg@eﬁgt @e@g[? e %gingént the enclosure, b blgtto plate 19. Another
conduit 23 extends%i%ugh_an aperture rov%% in the %ot%?noqﬁ%erfgl pﬁié'tégo %ﬁ%%g(hégnclosure
16. The encld3are 6 aasalne sk eiimdte 1 39dcaféd thetein which rests on support 1517. The
cylinder 12 includes a heat exchanger in the form of a cylinder 13 show a top 20 disk has a during use

coolingiwater disk F§Bbetw®en e RestFaftPthad@ipo 7. Figs. 32086 faspectisiic andfside view
of the coolingigdjsk 3@1. The tube provided therein in which water flows to facilitate heat transfer. The

channel
Fig. 4 is a schematic diagram of a metal container

comprising a plurality of the adsorption cylinders of
Fig. 3.

10 Fig. 4a 1is a cross—sectional front view of an
assembly comprising a plurality of metal containers as

depicted in Fig 4.
Fig. 4b is top view of the assembly of Fig 4a.

Fig. 5 1is a schematic diagram of a vehicle for

15 transporting gas comprising a plurality of the metal

- containers of Fig 4. - -

Fig. 6 is a schematic diagram of an experimental
system that was wused to determine dynamic adsorption
measurement data.

20 Fig. 7a(Il) is a BSEM photograph of a sample of an
adsorption material comprising 45 wt % of CaCl, at a
magnification of 1000.

Fig. 7a(II) is a SEM photograph of a sample of an
adsorption material comprising 45 wt % of CaCl, at a

25 magnification of 10000.

1l



spirals along the body of the disk and water is injected in a circumferential way from a number of holes
in the tube, to promote turbulent flow of the water and thereby 25 to promote heat transfer in use. In
use, the cooling water disk 101 is in fluid communication with a cooling fluid source when the
adsorption cylinde##Zis irfafabsdrptioh nidde. CoGligERRBRflowingahréagriite cosdlingmisk 101
removes heat 30 of adsorption and drives adsorption occurring onto the ACF material provided in the
mesh cylindFI3TRES eBsofitioRthdde, €68 FARE maBPnorfiowithredgh §s&deoling water disk
101. In other embodiments, hot water may flow into the cooling water disk 101 to further drive the
desorption BEGEEfdRRe APt provided in the mesh cylinder 13. In embodiments where

the cylinder 14 is provided_in a %as transportation s¥lstem such that the cylinder
Fig. 7b{Il) is a SEM photograph of a sample of an

5 adsorption material comprising 35 wt % of CaCl, at a
magnification of 10000.

Fig 7¢ is a SEM photograph of a sample of an
adsorption material prepared according to a disclosed

embodiment comprising 35 wt% of CacCl,,

10 | Fig 74 1is a SEM photograph of a sample of an
adsorption material comprising 35 wt% of CaCl: not
prepared according to disclosed embodiment.

Fig. 8 is a graph showing temperature and weight
data at changing partial pressures of ammonia over time

15 in the adsorber of Fig. 6 .

Fig. 9 is a graph showing adsorption capacity (kg
ammonial gas per kg absorbent) as a function of partial

pressure of ammonia gas and gas flow velocity.

Fig. 10 is a graph showing the pressure drop as a

20 function of gas flow velocity in an adsorption cell.

Fig 11 shows a process flow diagram of a testing

facility utilising the metal containers depicted in Fig4.

Fig 12 is a graph showing an adsorption temperature
profile of an adsorption cylinder of the test facility in

25 Fig 11.

12



5 resides on a truck platform, hot water from the truck engine may be used as a heat water source.
Referring again to Fig. 3, the conduit 23 is connected to a gas pipe (not shown) via the aperture in the
bottom metal plate 20. The gas pipe supplies gas to 10 the conduit 23 when the adsorption cylinder 12
is operated in an agisgrption made, Aniher dasRIBe Q! shewakiscopgeeted £0 thareandait 22 which
provides a vent for the gas when the adsorption cylinder 12 is operated in a desorption mode. This
pipe also prRRRs aE15Terths IGASGIPRRER tHeYAdsdHtHn e¥linBRr 1 - Rtpe&asd ihid¥ adsorption
mode. In othgr efpodiments, the aperture extending through the top plate 18 and/or the aperture
extending through the bottom plate 20 may be provided with a gas valve to control the flow of gas to
20 and from the conduit 22. In use, gas that is to be adsorbed is provided to the adsorption
cylinder 12 via a pipe (not shown) connected to the conduit 23. The gas enters the mesh cylinder 13
through thebmited d@iddesiandgitéamace 25 16a and is adsorbed onto the ACF adsorbent material
located in the mesh cylinder enclosure 21. The lean gas then flows through the inner cylindrical mesh

teaers tiaedmiy fo ke RG] sofstombanin Jea t2 wigderated in a 30
desorption mode, the gas adsorbed on the adsorbent material flows through inner cylindrical mesh
surface 16b and ekit¥vialcoRb@i22 Schfandeidt cHiriter 12 iLhaBe RF AGRERAFth&03 resistant to
corrosion IS ARSERYS SRWEANFRRILS fos Mdiah il isaxpasad Inis:ermbed t,#ghe;medal is
stainless steel as it does not react with ammonia gas. , | It will be appreciated that in this

embodimeri%fR REsHFEMRBER FRASRURA e dDRotion S iRt SFeafisd R istd¥hvenient to

contaim the Az 118 dkey mashsalindattl 3uvhen hesAGeriatarialds subipetedte the Qracess 24 as will
be described further below, However it should be realised that the mesh cylinders 13 are optional and

the ACF mayBe PAEREPTIAM RBLhIRTRIRBRR oA RAdS B2 Furthermore, in other
embodiments, the conduit may be the foim of a simple pipe that extends thg#%% one of the top plate

18, cylinder side 12757 bSESHSB°F &eﬁﬁgf@? ﬁer%%bg‘(ﬁﬁfe%?&? e 52 Ay extend all

the way thrqegiFthenodule 1 comprising a tank 2 of methanol and a mesh

cylinder 13 containing activated carbon felt (ACF)
15 therein. A more detailed view of the mesh cylinder 13 can
be seen in Fig. 2.

The mesh c¢ylinder 13 comprises a circular shaped
stainless steel mesh side 15, a stainless steel plate _
top 17 and a stainless steel plate bottom 18 surrounding

20 an enclosure 21. The enclosure 21 is packed with
activated carbon material in the form of activated carbon
felt (ACF). The ACF may be obtained commercially such as
from Khimvolokno, of Minsk, Belarus under the trade name
BUSOFIT T-055 or Tonghui Industrial & Trading Co. Ltd of

25 Jiangsu, China.

The mesh cylinder also has a conduit 22 extending
from an aperture (not shown) provided in the top plate 17
to the bottom plate 19. The conduit 22 is also made of
stainless steel mesh to allow the flow of gas tc and from

30 the ACF.

' The pore size of the mesh side 15 and conduit 22 is

sufficient to allow fluids to flow into and out of the

13



15 interior of the adsorption cylinder 12. The adsorption cylinder 12 may be used to store and
release gasses such as mania. It will be appreciated that the adsorption cylinder 12 can be transported
on a vehicle so that the adsorption cylinder 12 is a 20 convenient receptacle to store and transport

gas. It will also be,appreciated, that in other embodiments, the housing may be capable of storing
liple me S0 GEI T o FLRurS b b G S G T of B ot @R 30 having

a 25 plurality st apeshocylinder st 8apiShhl 3oyli3chtee) coBaprising the activated carbon felt located
therein. The metal fgntain%r 36,is Y1psrovédeg Jyith.gn inlef conduit 38c§:0r flowsof gas into the metal
container 36 and thergbyt e mesh cylinders (_aLéa, b,f§c,f§di§e e met3r$0coRtaingr 36 is also
provided withcars doret candiibd0 forflow of gaarfroadherpésivoylingars{diga; 130713c,T8d, 13¢).

A dual grain ain cri a Ul_now be described with, reference 1g, Fig 4a and
Fig 4b§whi§(ﬁfi$§p€éﬁ\%y s%%vazl%rgc?ssg%ﬁtio%%ﬁggts\%gvv agnd %n?o{p;g \E/ievvv% é’ an gsesrembi} 121
comprising plaraRRptiiRe| eohtairers $80&S0bl30c, 300 80aeda Bolsy3daided’, 30¢) of Figure 4.

The metal copjgiaere 430 & 30,205, 3463083031308 3065 306}, 30€) agg aanged;ag shown in Fig

4a and Fig 4b to form two metal container trains 136 and 136'. Each of the metal containers (30a,
30b,30c,30&# 368302280, e 30errOBY tontadn reatpRIRIsIFpFEVinders 1Bserdasesibed.

10Thetrain1366o8\pdgesmetalroniaipeRd 833,300 306, 304, 30eh while &he frain 361 gamprses metal
containers (30a',30131,30c',30d1 30e"). The structures of the two trains (136,136') are identical. The

structhife of ¥ain H6Sis 888GIHEE befowl 35 aRakRe Edntdilers £30h, 3opEsmdd@wm 30k bethe train
136 are encigged dhalwysing 139- Thedain 436 is preddedavithpan,iniet conduitsl22-forflow of gas

into the metal containers (30a,30b,30c,30d,30e) and an outlet conduit 124 for flow of gas out of the

metal contaffereR(36R BPBED I IRRY LG rRF PXNEe L 26 2Bl 8rdYeEFestivag HRdvided on
the inlet congluitcke2-andLhe outlelronduit dR4 fergegulating gas dow e sud,ut okthg assembly

121. The inlet conduit 122 extends into the housing 132
a mesh cylinder 13 located therein which rests on support
15  17. |

The cylinder 12 includes a heat exchanger in the
form of a cooling water disk 101 between the mesh
cylinder 13 and the support 17. Figs. 3a,3b respectively
show a top and side wview of the cooling disk 101. The

20 disk ﬂas a tube provided therein in which water flows
A during use to facilitate heat transfer. The channel
spirals along the body of the disk and water is injected
in a circumferential way from a number of holes in the
tube, to promote turbulent flow of the water and thereby

25 to promote heat transfer in use.

In use, the cooling water disk 101 is in fluid
communication with a c¢ooling fluid source when the
adsorption cylinder 12 is in an adsorption mode. Cooling
water flowing through the cooling disk 101 removes heat

30 of adsorption and drives adsorption occurring onto the
ACF material provided in the mesh cylinder 13. In a
desorption mode, cooling water may not flow through the
cooling water disk 101. In other embodiments, hot water

may flow into the cooling water disk 101 to further drive

14



25 via perforated conduit 130 that is in fluid communication with the internal metal containers
(30a,30b,30c,30d,30e). An outlet conduit 134 is also provided on the top of the assembly 121, and
have a butterfly valve 128. The outlet conduits (40a, 40b, 40c, 40d, 40e) of the metal 30 containers

(30a, 30b, 30¢, 30d, 30e) are in fluid communication.with perforated conduit 134. In use, the
B éso% t%lt & moe]?al%%ﬁtal#:%%n 3 a?S(fg‘]%Oé?%B%Féﬁ ). PREGAEFadBrbed on

conduit 130 provides ga
the ACF adddrkemeanhterinl fondtad ih3he adsorption cylinders located within the metal containers

30a, 30b, 30c, 30d, 30 th f tlet condujts (40a, 40b, 40c, 40d, 40e) and
conneet 1 the combgor AT A 197 G0 e 1 GOUET GAE Rart i3 0Bt 5 HEF5ba B0b, B0¢

connect to the common outlet co ee 0 gas can exi a,l§Ob, 30c,
30d, 30e). PRoceSREquiaBAPOr tRibEesSs eqiipiremt usettn thémpreghation protéssieta disclosed

embodigmentylingug be.descrivel,Elg- 110 5pauts 2 pracess lout diagram,of grprocess for preparing
an adsorbent material according to a disclosed embodiment. The process involves three tariks namely,
a methanol BREN Waterbankigeddascacheghgyrbra. Aot tive-tanks (2,3,4) have a diameter

sufficiently 15 large:guch-thal the mgsh gylinder 1345 abledo bejacated. ity the.tanks, ¢,3,4) during

impregnation of the CaC12. The CaC12 (aq) tank 4 is connected to a vacuum pump 9 via a cold trap
(5). TReHer gy Bk igafsorirRPedRato &arogbn Pxotite teRRaWkeateditrogen

gas to flow infg:the saen] NRA¥EA0emis Hitiadly stored agliquidairogen, infank 11 which js
evaporated in an vaporizer 10 and further heated with an electric heater 9. The nitrogen  gas reports

to the bAse 5Fthe t5RRMY N isIne VDS PassdPthrastirkatamRq)Splandre. 12 is

operated in an adsorption mode. Another gas pipe (not
shown) is connected to the conduit 22 which provides a
vent for the gas when the adsorption cylinder 12 is
operated in a desorption mode. This pipe also provides a
15 wvent for lean g¢gas when the adsorption cylinder 12 is
operated in an adsorption mode. In other embodiments, the
aperture extending through the top plate 18 and/or the
aperture extending through the bottom plate 20 may be
provided with a gas valve to control the flow of gas to
20 and from the conduit 22.

In use, gas that is to be adsorbed is provided to
the adsorption c¢ylinder 12 wvia a pipe (not shown)
connected to the conduit 23. The gas enters the mesh
cylinder 13 through the outer cylindrical mesh surface

25 16a and is adsorbed onto the ACF adsorbent material
located in the mesh cylinder enclosure 21. The lean gas
then flows through the inner cylindrical mesh surface 16b
and enters the conduit 22.

When the adsorption cylinder 12 is operated in a

30 desorption mode, the gas adsorbed on the adsorbent
material flows through inner cylindrical mesh surface 16b
and exits via conduit 22.

The metal cylinder 14 is made of a material that is

resistant to corrosion in the gaseous environments to

15



Example 1 - Adsorbent Material An example will now be described in which CaC12 salt is
impregnated into ACF using the process equipment described above with reference to Fig. 1. 30The
process involved introducing and removing a mesh cylinder 13 comprising activated ACF into and out
of the methahe] tank 2: This wasgrneated Hitimesite ease diatdhe ACENRS ropPletelzdrenched
with methanol. The mesh cylinder 13 was removed from the methanol tank and immersed in the

distiled watStBERIBRE nftSrdyiRder-ts AR8InfGIuEHaRto AhHER RIS IRE distilled water

tank. This was repeategr 101times tafipse simetdnekizam the AGks enibedifsheylindae13 was
removed from the distjlled water tank 3 and immersed in the CaC12 (aq) tank 4 for 24 hours. The

concentratidhSSHE SO 1P as bl Ft&d #55DvidB ateise PPESHRM R0 ¥ 35889y weight.
10Aftersoalegdhesali soluiorcwas drdinad and fusbet avacuates yqriniping: ecatdkiap (5) was
used to prevent water from entering intp the_ rqtary oil pump. Heated nitrogen gas at a temperature of
150C was th 24 throu %Tﬁxé?m%gﬁ cﬁiﬁgirrﬁ%‘!:l%rré%ovelgnyﬁ %%%ﬁ%ﬂg f8cedBFmethanol.
The mesh cylinstes 43 \2ds teenwilddednaside scininses faut2 heursiie Yorhetkwaposate any
remaining solvent, The.temperatyre of the furnace was in the range of 60C-100C. Qnce the solvent
was evapora?tlt::'1 u?h% m]é}gh 26%?/#&(1%? 3 vggtl? ﬁjrth%eﬁ%alcfﬁeeﬁk}n a¥ rin}a%g%’f%oo& or £RGur. In
this processetiteiaffinity aindetlizm| t3BCACHE e ndise s thiosguglv penétratioheof Ch&hPdnto the ACF
adsorbent material, thereby proyjdi imprayed 25 impregnation. Without being bound by theory, it
is thogg tth%%%%rg\%ra reac% ﬁdL %%cg%‘e rep?ielgéntedrg{é% owe Caci2 (8)1JP2C11§%E?&%?
CaCl12'2CHafH(d)jments, the conduit may be the form of a simple pipe '

that -ewxtends through one of the top plate 18, cylinder

side 14 or bottom 20. Furthermore, in other embodiments,

the conduit 22 may extend all the way through the
15 interior of the adsorption cylinder 12.

The adsorption cylinder 12 may be used to store and
release gasses such as ammonia. It will be appreciated
that the adsorption cylinder 12 can be transported on a
vehicle so that the adsorption c¢ylinder 12 1is a

20 convenient receptacle to store and transport gés.

It will also be appreciated, that in other
embodiments, the housing may be capable o¢f storing
multiple mesh cylinders 13 therein. Figure 4 shows a
housing in the form of metal container 30 having a

25 plurality of mesh cylinders {13a,13b,13c,13d, 13e)
comprising the activated carbon felt located therein. The
metal container 36 is provided with an inlet conduit 38
for flow of gas into the metal container 36 and thereby
the mesh cylinders (13a,13b,13c,134,13e). The metal

30 container 36 is alsc provided with an outlet conduit 40
for flow of gas from the mesh cylinders
(13a,13b,13¢c,13d,13e).

A dual train of metal containers as described above

will now be described with reference to Fig 4a and Fig

16



30 Comparative Example Another adsorbent material was prepared by impregnating CaCl2 salt
into ACE' using the process equipment described above with reference to Fig 1. The process was
substantially similar to the one described in Example-1 with the exception that the ACF material was

not treated yyith rygthanol 2 SEM-Ohpeivatians, SEM{Scanning Elgatron Migtoscape) studies were

undertaken from two samples of the adsorbent material in which the weight ratio of CaC12:ACF was

35wt% and3BWish FERsheBI e FGurdSSERRILID feshe ORI SRR S M pralcgrapafof the 35wt

% and 45wk aC12:ACR-sarnBleselrig. 7a(l) shawss thep3pwic%, samaple s agnagnitieation of 1000
and Fig. 76;9[8] shows thie 35wt % sample at a magnification of 10000. Fig. 7!5(I) shows the 45wt % 15
sample at @MGgnHior8r100PInFRGUFE I showEtfie BERRY, SRR A SGRadmitartion of

1000051t caavbe seey) foa), thesnagaified gpagepibal fwieg/cosy ghleride m@ga@&é@lyg@posited on
the active carbon fiber surface and thr%l:qrh,out the body af the fiber. 20SEM _photographs were also
taken for th82&fbleFhrépded th BRnple¢ af® inthRe ESHParklive B&ifidie. 39852128 and 14b

respectively shdw SEM3 phatagrapBs of. satapits of adshbenisvateriabpreparasky Epsmaple 1 and by
in the com tive . ex e, lt cag be,seen from the 23 images, that the adsorbent material of Example
1 shows enhgRess %ﬁaér%%hgt%d gf? éaggk%ls’::%%:pdrégr%o frgj)gdiorbent materiat OFEBitparative
Example. Accardingly thidsentisinted impiegndtios ol Eagd 2dadiantithe ACF fiber has resulted in a
high%&?dsorption E%%acity @ggi%O mafgigl that(i:s c%ﬁablee of adsxgéq:tiaof of gasses such as ammonia.

Experimental Systém - dynami¢ adsorption data @‘ure% shows an experﬁﬁgﬁt%}gc?sro?ption

system 111({f3fme3Rnrcitent3didlydamic addoipton dota of theain 136’ comprises
metal containers {30a’,30b’,30c’,304f 30e’}. The
structures of the two trains (136,136°) are identical.
The structure of train 136 is described below.

15 The metal containers (30a,30b,30c,30d,30e) of the
train 136 are enclosed in a housing 132. The train 136 is
provided with an inlet conduit 122 for flow of gas into
the metal containers (30a,30b,30c,30d,30e) and an ocutlet
conduit 124 for flow of gas out of the metal containers

20 (30a, 30b,30c,30d,30e). Butterfly valves (126,128} are
respectively provided on the inlet conduit 122 and the
outlet conduit 124 for regulating gas flow into and out
of the assembly 121.

The inlet conduit 122 extends into the housing 132

25 via perforated conduit 130 that is in fluid communication
with the internal metal containers (30a, 30b,30c, 30d,30e).

An outlet conduit 134 is also provided on the top of
the assembly 121, and have a butterfly valve 128. The
outlet conduits (40a, 40b, 40c, 40d, 40e) of the metal

30 containers (30a, 30b, 30c, 30d, 30e) are in fluid
communication with the perforated conduit 134.

In use, the conduit 130'provides gas to the metal
containers (30a, 30b, 30¢, 30d, 30e). The gas is adsorbed

on the ACF adsorbent material located in the adsorption

17



5 activated carbon material prepared in the above example. Through this experiment, adsorption data
of the ACF adsorption material was obtained. The experimental adsorption system 111 comprised
a vessel 112 having a chamber therein. A gas inlet conduit 10 113 extends into the chamber and
connects to two adsorption cylinders (not shown), which are the same design as the adsorption

cylinder 12 G88cHBER BBV EpRe: tNatthewd ABsABlicH cyiRBER e Féspbfively 55 mm long
and 300mmienrg. AGHadsosplign mategalchxprepgsad irfenmethaddescrineskin xample 1 above

was provided in each of the two adsorption cylinders. The two adsorption cylinders located in the

vessel 112 woRBbHREctdd Bra gd0Butlef PEr. TAORxpefififthtaPRdsofiBRSSStem 1 ARo 20
comprised adeashéegll 8¢ fruneasidinicheBges &) waight efibe yasselfangthetefareexit
adsorption/desorption of gas tg and_from the adsorption ¢ylinders). The experimental adsorption
system?111 8Rb @hprited g%sis?aoﬁ%e Wiseratite D%/ Bhdent (RTD) 25 theLmometer (102) in the
center of the vessel 112 for recording the temperature of the adsorbent. An inflow velocity sensor 108
was also proyided on the inlgt conguit 113 for measuring gas flow velocity into the vessel 112 and
outlet velocig‘rs%%%gfsl PSEG 30 provided on the outlet conduit 114 for measuring gas flow
velocity from the vessel 112. Butterflyvalves(115.116)wererespeactiv. royi 0 i conduit
113 and outlet conduit 114 tor ?e%f%%ng%sﬁ%%&Tﬁewpa% pr%%%lﬁ%gg%%réngrﬁgni é%%e%t e air was
5 changed byf/agpyingithe YonedtecpbwrditonitgagsiHbwaver, the ndsdnomihsdtial Pitassuie in the
experiment . aintai less h plosive limi ol %.in air for. safety
reaso%Thg %% ume%ricg%%)%vérga%g was c a%lgge%%azﬁa itrg:ger%er?%%%%%gnc%ggo&a%%ﬁqénﬁ)wer (not

shown) and @as caicigatebdryimeas@iierd féw veirtgXdinte helipof the infléi spderefbw velocity
sensors (108, 4gd 4 1 Je PigRUIS AR NAS MEASYAALDY tHp ACEAIRLPTaRaHEe gauges 117 that
the

extend from the top o
methanol tank 2, a water tank 3 and a CaCl; (aqg) tank 4.

All of the tanks (2,3,4) have a diameter sufficiently
15 large such that the mesh cylinder 13 1is able to be
located in the tanks (2,3,4) during impregnation of the
CaCl.. The CaCl, {ag) tank 4 is connected to a vacuum pump

9 via a cold trap (5).

The CaCl; (aqg) tank 4 is also connected to a nitrogen
20 source to allow heated nitrcgen gas to flow into the
tank. The nitrogen is initially stored as liguid nitrogen
in tank 11, which is evaporated in an vaporizer 10 and
further heated with an electric heater 9. The nitrogen
gas reports to the base of the tank (4) and is then

25 passed through the tank (4) via a valve.

Example 1 -~ Adsorbent Material
An example will now be described in which CaCl; salt
is impregnated into ACF using the process eguipment

described above with reference to Fig. 1.

30 The process involved introducing and removing a mesh
cylinder 13 comprising activated ACF into and out of the
methanol tank 2. This was repeated 10 times to ensure
that the ACF was completely drenched with methanol.
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15 vessel 112. Adsorption Capacity (O Figure 8 is a graph showing temperature and weight
changes in adsorption material provided in the cylinders located in the vessel 112, corresponding to a
change in 20 ammonia gas flow rate through inlet conduit 113. Fig. 9 is a graph showing
adsorption capacityrikg anyrania gas ek kg ghsofhant).ag a funetion of partjal pressure of ammonia
gas and gas flow velocity. It%an be seen from Fig. 9t a(t}gésc%?gr{? c%qﬁgci@%ﬁ&%%ses at
higher flow Veéiddity 2@ at TReEESSY fartidipresddrtdfidrmdoniatyss. tankhasEivantagrously been

found that w¢n thei&& F pelsogaant ma’r@fi@a\ﬁ@é&b|g}pc%d8(£‘1l?é).4é<§m%r%% )ni%kg I@CE adsorbent
[ a

material at a temperature of 25C and a 30 pressure of about 1 bar (101 . gnverseP? when a
sample of ABESsLISbIRERiaF #AK nof BdiSieed (6 CREAE Repré§natione shetaCE Tuserption
materiah adsasinthQ.OP kg-ammania/kgACF felt under a temperature of 25C and a pressure of about 1
bar (101.3 kPa). Accordingly, using the CaC12 impregnation method disclosed above, it was

possible to significalitly enhsince iiciadrarptiop cagacivepidhaACF Batedgl Fighte 19 shaws
pressure dr%g%@er%daer}t{ op floylvdS Velocitgsin he adsorption cylinder. In thegsszstem 111, it was found
that when a CORtacting time of more than 2 setonds R afRiw-eelbBE) ofidsditantRBsAA was

required, Lhélg;ngmunﬂ’lklmgthm&md_ mﬁn;]n oyliﬁdear_z:@? atpguit)soe}%@n,aaa@];g@é?ni@gm
pressure a40 blo rowidi as thrqugh the jnlet 113 was about 500mm of water.
Adsorption?eat Oée QT(ﬁ/a:ér#ééélﬁr%%glntg ?&l&gté)%ié%g%e%&s&%ﬁ@ﬁ%therm were taken by
usinggpthermograyigetical 153 .ap tus balance), in which the balance for weight measurement
and sample space were separategﬁb@'a r#gd%et%cgsﬂl}%spesn%%%t&gﬁblin‘f}asso aSt6% thgnd
measuremeR¥riRest tREzeRBtKE dmmpriarEsRimbsphdd. Thepdddptiambeatsues evaluated as
1078 kIkg-BIERRINR water from entering into the rotary oil pump.

Heated nitrogen gas at a temperature of 150°C was then
passed through the mesh cylinder 13 to remove any

15 remaining traces of methanol.

The mesh cylinder 13 was then placed inside a
furnace fer 12 hours to further evapcrate any remaining
solvent. The temperature of the furnace was in the range
of 60°-100°C. Once the solvent was evaporated, the mesh

20 cylinder 13 was further calcined in a furnace at 300% for

1 hour.

In this process, the affinity of methanol to CalCl,
enables a thorough penetration of CaCl, into the ACF
adsorbent material, thereby providing an improved

25 impregnation. Without being bound by theory, it is
thought that the overall reaction may be represented as

follows:

Call; (5 +2CH30H ;1) « CaCl,-2CH30H (3

30 Comparative Example
Another adsorbent material was prepared by

impregnating CaCl; salt into ACF using the process
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20 Mass Transfer Coefficient Kpav A mass transfer coefficient was obtained from the adsorption
rate measurement data. Adsorption rate is given by the following equation. Sq. / St - kFav (g-gm)
25where q is the equilibrium concentration of the gas and gm is the amount of gas adsorbed on the
adsorption material. From the_obtained experimental values of Sq. / St and (g-gm), the mass

transfer coefiglHPRER eV ABSRHLRE RPRTRe MAGE ofFEGERRED0FRy/S 1Phe'GasThe

TransportatigeMedigle wa sFiguresb shows anembedinent efc gastranspoiteden systamisl. The
system 51 includes_ a truck 52 having a series of metal containers (30a,30b,30c,30d,30e) mounted 5
thereon. Th& ARG tINETSR0530b ZECHLH0R) Arddre &}?ﬁe grP s hRE Hictal Bftainer 30
of Fig. 4. Thasetakecitiaiers (30ansdn 38e,30d,30e) accordingly have adsorption cylinders having
the ACE adsorbent material disclosed in Example 1 above. 10The system 51 can be used to store
ammonia gas in the metal containers (30a,30b,30c,30d,30e) and transport it from point to point.

The conduitSE22 QP2 PRE2HRR2F) of the respective metal containers (30a,30b,30c¢,30d,30e) are

connected to a 15 on . outlet conduit.jn t oLm o ibl let.hose, 42, which is in fluid
communication with E%e our?t%tz%faml‘ﬂg outﬁgte%gt é%%nngggéb ?(% %#é%ble f%dtslidﬁt?esd Wi‘fﬁeg?unnel
shaped gas ontiet(ddkérat Sriovatbuat dwnedesf thé troble5aR0Teecondugserial in

(224228, 226,826 222, o e gspeciiva melalconlainers(39a. 01305, 304.305) ey aqpeted o a

common inlet conduit in the et passage 41, which is in tfluild communication with the gas inlet
38. Th0gas hdeps®isicuniected iafiexibléhosad3 7b respectively show SEM

photographs of the 35wt % and 45wt% CaCl,:ACF samples.
E‘ig. 7a(I) shows the 35wt % sample at a magnification of
1000 and Fig. 7a(II) shows the 35wt % sample at a
magnification of 10000. Fig. 7b(I) shows the 45wt %
15 sample at a magnification of 1006 and Fig. "b{II) shows
the 43wt % sample at a magnification of 10000. It can be
seen from the magnified images that the calcium chloride
was uniformly deposited on the active carbon fiber

surface and throughout the body of the fiber.

20 SEM photographs were also taken for the samples
prepared in Example 1 and in the comparative example.
Figure 1l4a and 14b respectively show SEM photographs of
samples of adsorbent material prepared by Example 1 and
by in the comparative example. It can be seen from the

25 images that the adsorbent material of Example 1 shows
enhanced impregnation of CaCl; as compared to the
adsorbent material of Comparative Example. Accordingly,
this enhanced impregnation of CaCl, salt into the ACF
fiber has resulted in a higher adsorption capacity ACF

30 material that is capable of adsorption of gasses such as

ammonia.

20



25 fitted with a funnel shaped gas inlet 50 that is located at the rear of the truck 52. The truck 52 is
also provided with a generator (46) to supply power during the adsorption and desorption cycles. The
truck 52 also includes a blower (54) to 30 induce a draft inside the metal container 30 so as to
manipulate the pressure within the metal container to either adsorption conditions or desorption
conditions. The truck 52 is also provided with a control system (not shown) for controlling the desired

operation of gy of sthe mefal containers (392,30:30¢, 304,

gas in use. Operation of the control system may be located |

e cablﬁ o'?the truck 52. 5It w

appreciated that in Beguthe contabsystem qéﬂ}fe%%ﬁ{?ﬁe%@%%ﬁﬂ%ﬁggé@gﬁhwﬁﬁ

container to allow gas to adsorb onto the ACF. via the sides of the mesh cyli

ein

§§ )it(g)ner}?b%e adsorption or desorption of
t

ill be
the metal
t38is

connected t6 3gasOurE SN Passelithe G MdS 103stessmELiaRougtathe con%fnon@as inlet 41
where isentexstiheaetal chamheis (308 80831308308 306y thieughytbe %@&éyl%gl%@%h of the
e).

correspondi@%nes cylinders located inside the metal chambers (30a, 30b,30c,30d,3
QPSR stbhetPon $ERAE RSB Brhis ALSASRAERe kD2 ie€aphbe of A&Hsporting

adsorbed an

the stored gassmopé bomane tecati@hswas obtained.
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The experimental adsorption system 111 comprised a
vessel 112 having a chamber therein. A gas inlet conduit
113 extends into the chamber and connects to two
adsorption cylinders (not shown), which are the same
design as the adsorption cylinder 12 described above,
expect that the two adsorption cylinders are respectively
150mm long and 300mm long. ACF adsorption material
prepared in the method described in Example 1 above was
provided in each of the two adsorption cylinders. The two
adsorption cylinders located in the vessel 112 were
connected to a gas outlet 114. _

The experimental adsorption system 111 also
comprised a load cell 106 for measuring changes in weight
of the vessel {and therefore adsorption/desorption of gas
to and from the adsorption cylinders).

The experimental adsorption system 111 alsoc
comprised a Resistance Temperature DPependent (RTD)
thermometer {(102) in the center of the vessel 112 for
recording the temperature of the adsorbent. An inflow
velocity sensor 108 was also provided on the inlet
conduit 113 for measuring gas flow velocity into the
vessel 112 and outlet velocity sensor 110 was also
provided on the outlet conduit 114 for measuring gas flow

velocity from the vessel 112.

21
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When the gas is to be released from the metal container, the controller controls the pressure of the
gas within the metal container 30 to desorption 20 conditions (that is a pressure at which desorption
from the ACF occurs). This means that gas desorbs from the ACF and thereby reports to the conduits

(22A,22822C,22D, ggggé)}glegresp%gjﬁ/@égetal ¢antaingis{30a, 30, 30¢,304 308) Khetap of each
conduit (22A,22B,220,22D,22E) passes the 25§t%as to the outlet conduit 44. Accordingly, the vehicle

can advantaBE8TsIf®R (RRd 6 tradddtariPirid ad ditheddariitohftfraineniskEnt iddales.

Design of anggpnissstatage: siptemoneueliicle Table 1 shows an exemplary design specifications of
30 an ammonia storage system (gtas or liquid ammonia) on a vehicle as described above, for a 4 m3

storage tank that hd2Bagibie- dRdtoMTE 5606 Ry ShnfIRrRigs0g8fitsichphbify. 2idhle"EPesign

Specifigationshitgddi ABymenia;Bisenarae Cebdlischaree banagigbaidisgnarge igaesdnm T 19

mmTDisch%trgi:]ee raxtx?ag?.gulzig_er{agnrirt]:ial pressure in the experiment was
maintained at less than the upper explosive limit of 25
volume % in air for safety reasons.

The volumetric flow rate was changed by an inverter

10 frequency provided on a blower (not shown) and was
calculated by measuring a flow velocity with the help of
the inflow and outflow veloclty sensors (108 and 110).
The pressure drop was measured by two differential
l pressure gauges 117 that extend from the top of the
15 wvessel 112,
Adsorption Capacity (Q)

Figure 8 is a graph showing temperature and weight
changes in adsorption material provided in the cylinders
located in the vessel 112, corresponding to a change in

20 ammonia gas flow rate through inlet conduit 113. i

Fig. 9 1is a graph showing adsorption capacity (kg
ammonia gas per kg absorbent) as a function of partial
pressure of ammonia gas and gas flow velocity.

It can be seen from Fig. 2 that adsorption capacity

25 increases at higher flow velocity and at increasing

partial pressure of ammonia gas.

It has advantageously been found that when the ACF
adsorbent material was able to adsorb 0.4 kg ammonia/kg
ACF adsorbent material at a temperature of 25°C and a

30 pressure of about 1 bar (101.3 kPa). Conversely, when a
sample of ACF adsorption material was not subijected to
CaCl, impregnation, the ACF adsorption material adsorbed
0.09 kg ammonia/kg ACF felt under a temperature of 25°C
and a pressure of about 1 bar (101.3 kPa).
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Max 50 m3 / min Flash rate to adsorber 10 m3/ min as gas 20% vaporization of discharge liquid: due
to expansion to atmosphere 20% of stored amount: due to cooling by expansion to atmosphere with
accompany by decrease of inner temperature and pressure Recovery To adsorber as gas 400kg/h &
to container as liquid 1600kg/h To adsorber as gas 400kg/h Table 2 shows exemplary
specifications of thaasseribiyl24, desceibed above wittareigrenteta Eithda dod Figndbhbable 2
Adsorbent ga(n%é gdegar}gtedef\Cijtl%Qgs possible to significantly enhance

the adsorption capacity of the ACF material.

Figure 10 shows pressure drop dependent on flow
5 wvelocity in the adsorption cylinder. In the system 111,
it was found that when a contactiﬁg time of more than 2
seconds and a flow velocity of less than 0.15m/s was
required, the minimum length of the adsorption cylinder
was about 300 mm, and the minimum pressure head of a

10 blower providing gas through the inlet 113 was about -

500mm of waterx.
Adsorption Heat (H)

The measurements for determining the adsorption

isotherm were taken by using a thermogravimetical

15 apparatus (TG balance), in which the balance for weight
measurement and sample space were separated by a magnetic
suspension coupling so as to allow the measurements under

the corrosive ammonia gas atmosphere. The adsorption heat

was evaluated as 1078 kJ/kg-ammonia.
20 Mass Transfer Coefficient EKray

A mass transfer coefficient was obtained from the
adsorption rate measurement data. Adsorption rate is

given by the following egquation.

Sm / Bt = kpav (g-Qm)

25 where g is the equilibrium concentration of the gas
and ¢gn is the amount of gas adsorbed on the adsorption

material.

From the obtained experimental values of 8g, / 6t and
{g-dw), the mass transfer coefficient was evaluated to be
30 in the range of 0.001 to 0.002 kg/s.
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Weight ratio CaC12 / ACF 40 Wt % Adsorption Capacity 0.4 kg-ammonia / kg adsorbent One module
Outer/ inner diameter Height Weight Cylindrical shape 700/100 mm 295 mm 20 kg OneMetalcontainer
(one 100 kg

The Gas Transportation Vehicle

Figure 5 shows an embodiment of a gas transportation
system 51. The system 51 includes a truck 52 having a
series of metal containers (30a, 30b,30c,30d,302) mounted

5 thereon. The metal containers (30a,30b,30c,30d,30e) are
the same design as the metal container 30 of Fig. 4. The
metal containers (30a,30b,30c,30d,30e) accordingly have
adsorption cylinders having the ACF adsorbent material
disclosed in Example 1 above.

10 The system 51 can be used to store ammonia gas in
the metal containers (30a,30b,30c,30d,30e) and transport
it from point to point.

The conduits (22A,22B,22C,22C,22E}) of the respective
metal containers (30a,30b,30¢,30d,30e) are connected to a

15 common outlet conduit in the form of flexible outletr hose
42, which is in fluid communication with the outlet 40.
The outlet 40 is connected to a flexible hose Ffitted with
a funnel shaped gas outlet (44) that is located at the
rear of the truck 52. .

20 The conduits (22A,22B,22C,22C,22E) of the respective
metal containers{30a,30b,30c,30d,30e) are connected to a
common inlet conduit in the form of inlet passage 41,
which is in fluid communication with the gas inlet 38,
The gas inlet 38 is connected to a flexible hose 43

25 fitted with a funnel shaped gas inlet 50 that is located
at the rear of the truck 52,

The truck 52 is also provided with a generator (46)
to supply power during the adsorption and desorption
cycles. The truck 52 also includes a blower (54) to

30 induce a draft inside the metal container 30 so as to
manipulate the pressure within the metal container to
either adsorption conditions or desorption conditions.
The truck 52 is also provided with a control system (not

shown) for controlling the desired operation of any of
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containerofimpregnated adsorbent) Total Weight of adsorbent 1000 kg Flow Velocity 0.15 m/sec
Contact time 2 sec Cooling capacity Flow rate 134 kW Blower Volume flow rate Power Fan static
pressure

the metal containers {(30a,30b, 30¢c,30d,30e) to enable
adsorption or desorption of gas in use. Operation of the
control system may be located in the cabin of the truck
52.

5 It will be appreciated that in use, the control
system of the truck, creates adsorption .conditions within
the metal container to allow gas to adsorb onto the ACF.
via the sides of the mesh cylinders. . The inlet 38 is
connected to a gas source and passes the gas under

10 pressure, through the common gas inlet 41 where it enters
the metal chambers (30a, 30b,30c,30d,30e) through the
outer cylindrical mesh of the c:o::.%:esponding mesh
cylinders located inside the metal chambers (30a,
30b, 30c, 30d,30e}. Gas is adsorbed and thereby stored on

15 +the ACF. This means that the truck 52 is capable of

transporting the stored gas to one or more locations.

When the gas is t.o be released from the metal
container, the controller controls the pressure of the

. gas within the metal container 30 to desorption
20 conditions (that is a pressure at which desorption from
the ACF occurs). This means that gas desorbs from the ACF

and thereby reports to the conduits (22A,22B22C,22D, 22E)

of the respective metal containers(30a, 30b,30c¢, 30d, 30e).

The top of each conduit (22A,22B,22C,22D,22E} passes the

25 gas to the outlet conduit 44. Accordingly, the wvehicle
can advantageously be used to transport and store gas

such as ammonia from different locales.
Design of ammonlia storage system on vehicle

Table 1 shows an exemplary design specifications of
30 an ammonia storage system {(gas or liguid ammonia) on a

vehicle as described above, for a 4 m°

storage tank that
has capable of storing 2000 kg ammonia at 85% of its

capacity.
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5000 m3/hr 23.8 kW 50 in wg Ammonia Discharge Test Facility Fig 11 shows a schematic flow
diagram of an ammonia discharge test facility 200. The testing facility 5 comprises three ammonia
cylinders (142,144,146) that store ammonia gas therein. The ammonia cylinders (142,144,146) are

respectively provided iéh
conduits (162,163,1%%5\g

lotao thao flowa, Af e A1y

outlet conduits (162,163

oftha.ammani
LAY Trrr Tt

respectively
(162,163,1¢
154). The 1
(148,150,114

ra-idl o £
ICHUIMLU I movroTrgao oot

b4) are connected to a comm
5 ammonia cylinders (142,1
)2) 1o measure the change i

AL S0 L g "
GGttt ARBRPLE2 throughGRE bikERRARSRS (158, 1
Ao id6hateqlso provided with respective pressure gauges
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pressure of ammonia. The

, 164) for the flow of gas therefrom. The outlet

Fe redpetivily §B%?3\ﬁ&é@%?tﬁ%%_tterﬂy valves (158, 156,154) to
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50,
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rmine tmegquiglmlaq,d
tank 160 for storing ammorj
k 160. The storage tank 16(Q

therefore the rglgaﬁﬁo ammonia gver
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conduit 16

There is pr¢vided an aSsembly 121' comprising a single
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b assembly 121' there is only
483§ a8 and Fig 4b.
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hnd therefor

fﬁ’?ﬁ{j;‘?iyn%' sjdenticatt

I
a single train of metg?gonte
Iﬁdlaisx%?m%@mrge t
e
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F\L‘\I’\\Iﬁ
(Siviva Aoraye

€ as
z0 ibed abqgve

“ral 35533 r
due to cooling by
expansion to
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temperature and

pressure
Recovery To adsorber as gas |To adsorber as gas
400kg/h & to 400kg/h
container as
liquid 1600kg/h
Table 2 shows exemplary specifications of the

assembly 121 described above with reference to Fig 4a and

Fig 4b.

Table 2

Adsorbent

CaCl2 impregnated ACF-1300

Weight ratio CaCl2 /

ACFE 40 Wt %

Adsorption Capacity

0.4 kg-ammonia / kg adsorbent

One module

Cylindrical shape

Outer/ inner diameter 700/100 mm
Height 295 mm
Weight 20 kg
One Metal container {one | 100 kg
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10 not in operation. The metal containers (30F,30J) are able to receive ammonia gas from the tank
160. The assembly 121' is provided with an outlet conduit 172. The outlet conduit 172 extends
from the assembly 121' to a blower 170. In use the conduit 172 transports 15 the gas from the
assembly 121" to the blower 170. A water cooling circuit is alsa provided in the assembly 121" for
transferring |cB Fﬁ#g"‘&%?é"r to aRffrom ﬁ%‘é’é’cﬁﬂ"ﬂ@to%ig 101 located in each of the operating metdl
containers 13t ,Wv, 1'. g-testing..In Eig..11 20 theconduits of the cooling water circuit is shown
with dashed ME2 WHTE YR Enfromd 2BRRERFow linds!@8%hs@n with solid lines.  The cool g
water circuits-alse-influid-communication.with.a centtifugal pump 178 via an outlet 25 conduit 188.
The cooling wARY cYediPRHib provided with an outlet BeRGUIRTS@that extends from the pump 178
into a chilley mﬁlt'lé/mthehﬁmmeteres (184,186) are prgwg@d on the conduits (190, lUd) respectively

to measure s riat fluc(égal r?pg@gw%—ofwater- 19 :
There is als ] fourthermometers T3 ar (no shown) at various posmons in the

metal contaifiéC¥6A for measuring the temperature of the adsorbent material. The cooling water
circuit also IntRHFEEOhHRI 152 %8 at extends from the| cHIRY _’Egb’bp?to a flow meter 182. 5 In use the
flow meter fEI¥&Es the volume of water flowing out 6Rfe&hltler 180. The flow meter is provided with
an outlet ¢ AESHAS the flow meted 15;9toifhe%semblv 121'. There are provided
two water tanks (174,176) which 10 are in fluid communication with each other via a connecting

conduit 175. The Watertnankcs:élm 176) are also in fluid communication with the blower 170. Ammonia
Discharge T&& Ml Pischarge Test Facility

Fig 11 shows a schematic flow diagram of an ammonia
discharge test facility 200. The testing facility

5 comprises three ammonia cylinders (142,144,146) that
store ammonia gas therein. The ammonia cylinders
(142,144,146) are respectively provided with outl'et
conduits (162,163, 164) for the flow of gas therefrom.
The outlet conduits {162,163,164) are respectively
10 provided with butterfly valves (158, 156,154) to

respectively regulate the flow of gas out of the ammonia
cylinders (142,144,146). The outlet conduits
(162,163,164) are connected to a common outlet conduit
162 through the butterfly valves (158, 156, 154). The
15 ammonia cylinders (142,144,146) are alsoc provided with
respective pressure gauges (148,150,152) to measure +he
change in pressure of ammonia. The ammonia cylinders
reside on measuring balances (not shown) to determine the

weight and therefore the release of ammonia over time.

20 There 1is also provided a storage tank 160 for
storing ammonia gas. The common outlet conduit 162
extends into the storage tank 160. The storage tank 160
is also provided with an outlet conduit 166 having a
butterfly valve 168 for regulating the flow of gas out of

25 the tank 160.
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Ammonia gas was released from the cylinders 15 (142,144,146) by opening the valves (158,156,154)
and into the storage tank 160. The ammonia gas then passed to the assembly (121") via conduit 166
and valve 168. Ammonia gas was -adsorbed onto the adsorbent material provided in the metal

containers (30F,30Fh20d emperapifetgatagseifnethelsymetes (184 186:bing 2413 T ware
recorded at variouys time points. Also the changes weight of the ammania cylinders were recorded

using the w&GRAG Halances tREBribed afdve to de?ér%ﬁne the Jfib8rt of amFBRIEAEREEEd to the 25
assembly 1ZBOF, Fo@urac?, Stiays e tenTrlesaturerpsdile ok theradsehanbmaterial endesed in the

metal container 30A of the_temperature thermo s (T1,T2,T3,T4) over time, Figure 13 shows the
weight profiljé%:frﬁ%el gr#fno%?a%%ylﬁ%%%%?&?ﬁ 148 BVEY tiriE P T abi?s sdmER3&s the total
weight Bf aramsamiadsorB&d dbntd teeractivatedozatlyon enatedialkOver timeilh wasfownstthat in a total
of 38.3 kg am |a was adsorbed which carrespands o%}%% of discharged ammonia from the
ammonia cyﬁé%%%%fs 14%%%&5 dgggthéﬁgggsn%ﬁ#e. a%fées 5Tt o@a‘l a gg%ﬁﬁ%?gh? 8n
adsorption fésh éyingers Eylinddr.142 144 146
In this ammonia discharge test facility 200, the
metal containers {30G,30H,30I) are isolated and therefore
10 not in operation. The mnmetal containers (30F,30J) are

able to receive ammonia gas from the tank 160.

The assembly 121’ is provided with an outlet conduit
172. The outlet conduit 172 extends from the assembly
1217 to a blower 170. In use the conduit 172 transports

15 the gas from the assembly 121’ to the blower 170. -

A water cooling circuit is also provided in the
assembly 1217 for transferring cooling water to and from
the cooling disks 101 located in each of the operating
metal containers "(30F,30J) during testing. In Fig. 11,

20 the conduits of the cooling water circuit is shown with
dashed lines, while the ammonia conduit flow lines are

shown with solid lines.

The cooling water circuit 1is also in fluid
communication with a centrifugal pump 178 wvia an outlet

25 conduit 188. The cooling water circuit is also provided
with an outlet conduit 1390 that extends from the pump 178
into a «chiller 180. Two thermometeres (184,186} are
provided on the conduits {190,182) respectively to
measure the inlet and outlet temperatures of water

30 flowing into and out of the chiller 180.

There 1is alsc provided four thermometers T1,T2,T3

and T4 {not shown) at wvarious positions in the metal
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Initial weight,kg 120.6 111.7 128.4 Finalweight, kg 108.6 100.0 113.8 Adsorbed Weight,kg 12.0 11.7
14.6 Table 4 shows a comparison of the predicted and experimental adsorption heat during the
test. For instance, for cylinder 144, theoretically evaluated 10 average heat release was 14.4kW based
on adsorption heat of 1078 kJ/kg, release period of 10 min and weight of 8 kg:

container 30A for measuring the temperature of the

adsorbent material.

The cooling water circuit alsco includes conduit 182

that extends from the chiller 180 up to a flow meter 182.

5 In use the flow meter measures the volume of water

flowing out of the chiller 180. The flow meter is

provided with an outlet conduit 182 that extends from the
flow meter up to the assembly 1217.

There are provided two water tanks (174,176) which
10 are in fluid communication with each other via a
connecting conduit 175. The water tanks (174,176) are

also in fluid communication with the blower 170.
Apmonia Discharge Test Results

Ammonia gas was released from the c¢ylinders

15 {142,144,146) by opening the wvalves (158,156,154) and
into the storage tank 160. The ammonia gas then passed to

the assembly (121') wvia conduit 166 and valve 168.

- Ammonia gas was -adsorbed onto the adsorbent material

provided in the metal containers {(30F,30J).

20 Temperature readings of the thermometers
(184,186,T71,T2,73,T4) were recorded at varicus time
points. Also the changes weight of the ammonia cylinders
were recorded using the weighing balances described above
to determine the amount of ammonia released to the

25 assembly 1217,

Figure 12 shows the temperature profile of the
adsorbent material enclosed in the metal container 30A of
the temperature thermometers (T1,T2,T3,T4) over time.
Figure 13 shows the weight profile of the ammonia

30 cylinders (142,144,146) over time.

Table 3 summarizes the total weight of ammonia

adsorbed onto the activated carbon material over time. It
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8kg x 1078 kJ/(10 min x 60 sec) = 14.4 kW The experimental value of adsorption_ hegt was 15 obtained
by the temperature difference between inlet and outlet temperature of water rowmg into and out (_)f the
chiller 180 multiplied by the flow rate. Table 5 Comparison of predicted and experimental adsorption

[ [ 2 3 Experimental value(kW) 12.8 12.8 18.0 Predictedvalue (kW) 9.1
heatAwm%nw%gW%gE% t%atpgn a total gf)38.3 kg ammonia was adsorbed

which corresponds to 19% of discharged ammonia from the

amponia cylinders (142,144,146) during the testing time.

Table 3

5 Total adsorbed weight on adsorption mesh cylinders
Cylinder 142 144 146
Initial 120.6 111.7 128.4
welght, kg
Final weight, | 108.6 100.0 113.8
kg
Adsorbed 12.0 11.7 14.6
Weight, kg

Table 4 shows a comparison of the predicted and
experimental adsorption heat during the test. For
instance, for c¢ylinder 144, theoretically evaluated

10 average heat release was 14.4kW based on adsorption heat
of-1078 kd/kg, release period of 10 min and weight of 8
kg:

8kg x 1078 kJ/ (10 min x 60 sec) = 14.4 kW

The experimental wvalue of_ adsorption heat was

15 obtained by the temperature difference between inlet and
outlet temperature of water flowing into and out of the
chiller 180 multiplied by the flow rate.

_ Table 5
Comparison of predicted and experimental adsorption heat

Ammonia cylinder |1 2 3
Experimental 12.8 12.8 18.0
value (kW)

Predicted wvalue| 9.1 14.4 14,7
{kW)

20

It has been demonstrated in the test and as shown by
Table 5 that most of the heat of adsorption was removed
by the ccoling water. The test confirmed that the
assembly 121° disclosed herein is safe for ammonia

25 storage and transport.
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14.4 14.7 It has been demonstrated in the test and as shown by Table 5 that most of the heat of
adsorption was removed by the cooling water. The test confirmed that the assembly 121" disclosed
herein is safe for ammonia 25 storage and transport. Applications Advantageously it will also be
appreciated that because at least some methanol is rinsed from the ACF, 5 the concentration of
methanol in the ACF is lower during the CaC12 impregnation step. This means that the CaC12
impregnation step can be conducted at higher temperatures and pressures with a significantly reduce
risk of explosion or fire by the methanol. 10@??&%&?&'@@6@% disclosed embodiments is a simple

method that providesdtprevesbimprggnation ofthesalts pad scg@bilgﬁg)r@ég%§% e apﬂg@tions.

Another advantage of the embodiments of the disclosed embodiments’is the high adsorption capacity
of 15 the malsFafofife ACF afdtiivent PBSscRLtBaRG adiGpicrERsheilrard WhkaiEy., The

adsorbeht matesiabearceaenaityi shaped intevasiaus forms Jrer examplesthe spaterialcan he easily
used to prodﬁ ea Oéation,cells%ii%zg_r. The material provides higher 20 surface area per uiit volume
for adsorption &f a gas>2  THREIIHBAiRGy S&E&ERP Ui et frearamntditbr thBactivatetzcarbon

material withimpelagoegainasavent pravidesinaded tepregrationgfactivated cagiqppaterial. 251t
should be reglrilzc?d tg%tetshseudésécslosegigcmmdailmegtjs_gnificantly reduce risk of
explosion or fire by the methanol. -

10 . An advantage of the disclosed embodiments is a
simple method that provides improved impregnation of the
salts and scalability to large-scale applications.

Another advantage of the embodiments of the
disclosed embodiments is the high adsorption capacity of

15 the material. The ACF adsorbent posses superior
adsorption capacity and workability. The adsorbent
material can be easily shaped into wvarious forms. For
example the material can be easily used to produce
adsorption cells (fig 2). The material provides higher -

20 surface area per unit volume for adsorption of a gas.

It has surprisingly been found that pre-treatment of
the activated carbon material with a polar organic
solvent provides improved impregnation of activated
carbon material. |

25 It should be realized that the disclosed embodiments
- of the adsorbent material can be used for adsorbing gases
other than ammonia, such as hydrogen sulfide, sulfur
dioxide, hydrogen chloride, chlorine, nitrogen oxide such
as NOx, etc.

30 The disclosed embodiments of the adsorbent material
provide a useful and safe alternative to high pressure
gas storage of ammonia. Accordingly, the adsorbent

material may be used in the metal container 20 and is
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of the adsorbent material can be used for adsorbing gases other than ammonia, such as hydrogen
sulfide, sulfur dioxide, hydrogen chloride, chlorine, nitrogen oxide such as NOXx, etc. 30The disclosed
embodiments of the adsorbent material provide a useful and safe alternative to high pressure gas

storage of ar%lg%nia. Accor%iﬁr}%)# the adsorbent material may be used in the metal container 30 and is
therefore parfici&fy 5&u VS atEpoitifie YRFHONISESs. to i PaFeed B provide

adsorbent matetials ihaty@eercome or at least ameliorate one or more of the 5 disadvantages
described above. There is a need of ads rlgéeélt materials that can adsorb. gases reversibly, Eosses

higher adsorption capacities and Taciitate adRoftios Bha dBLRPHRTrofEde it He BdBErent that
various otherawedificateonoi0 aatl adbptationsanfdhd tswenson glkbe @bvianshe the persateskilled in

the art after rgading the foregoing disclosure withgut departing from the spirit and scope of the
inventior% It isa %%gr%jea t%ﬂ%?%% suﬁwer%%ﬁllﬂcg |onsa§’noar §dapta§%%§%om:e itHin thB%ZGpe BFthe
appended 15acisinrheOlaimmsat ekn appardtbe for stering ddiskedmprisisgsa hpesiag hiving, a
chamber for epclasing agsorhent magesi in. the adsorbent material comprising.an activated
carbon impre%%ated with a é]eta salt, W%!e%%ftgg me%d?sagellgéteeag fror%rféJe grgﬁf):% :r%”l% ﬁg of group
IA metals, gréds aAIHERIs and gRrpSeRhérEs bithedsiodic Table of elements, and mixtures

thereof; and at leastiane, gonduis exissdinatrouguibe fopsing Andiinto the chamber for transfer of
fluid to and from the chamber.

10 and adaptations of the invention will be obvious to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of
the invention. It is intended that all such modifications
and adaptations come within the scope of the appended

15 claims.

32



2. An apparatus according to claim | wherein the absorbent material is made in a method comprising
the step of exposing an activated carbon material to a polar organic solvent before impregnating the
activated carbon material with said metal salt. 3. An apparatus for storing fluid comprising: a housing
having a chamber for enclosing a fluid adsorbent material therein, the adsorbent material comprising
an activated carbon impregnated with a metal s&ta##érein the metal is selected from the group
consisting of group IA metals, group I1A metals and group VIII metals of the Periodic Table of
elements, and mixtures thereof; at least one conduit extending through the housing and into the
chamber for fransfetidf ABRPIFAFfréMEnS ER&EHMBET, Bhddhearuxchanger:fordiivng adsorption of

fluid onto thenBuigagdsorbentdnaterial-or f@ogivin&@g&t@_of Qaiga‘%grtl@e flﬁg@g%%bfnt material,

or both. 4. A vehicle for transporting fluid comprising: a housing having a chamber for enclosing a
fluid adsorbemfisteRal thér@in® HRPERMbent rERET EorfpRSIng Shrartivateeearbun im@regnated

with a metal saktbwhereiptheshetal is selegtedsfrom the graup gpnﬁi,ggyge%gr%t}%lmgéa{s, group lIA

metals and group VIII metals of the Periodic Table of elements, and mixtures thereof; and at least one
conduit exteriing SHTGRthE FtisingandlRtghe Shakfel F6r anstsicoisluitothsahamber or from

the chamberg e6bpth 1 £r Anvehicle a@g@adir&%aimﬁyvhﬁgq{gige vehicle s aﬁgifipgggglled vehicle.
6. A vehicle ac?%rdinﬁgtogﬁ%%n 4écomprising a heat exchanger for driving adsorption of fluid onto the
enal

fluid adsorbertimat Uiy FELOrFtioRTFIRid frbfrReHuidadsorbent material, or both. 7. A
vehicle according to claim 6, wherein the heat exchanger is located within the housing. 8. A vehicle

according tan:IaiE 4, com risingéa fluid, Eump for moving fluid to and from the chamber. 9. A vehicle
according to tlaim & Whetdif th ?fﬁlb MG EERPRLEE a BIFRHIIE: idinghyasstbishd rsin the

chamber. 1G.rAwp apparattlaccetdingte any one 0 claprs Fiq;3 awheseig the activgtedigarbon is
activated carbr(l)n f]glt. 11. An apparatus according to any one of claims 1 to 3 and 10, wherein the

. C e . . . . .

metal salt is cafcium chloride. 12. A vehicle according to any one of claims 4 to 9, wherein the

activated carbon is activated carbon felt. 13. A vehicle according to any one of claims 4 to 9 and 12,
wherein the £netal %It is calcium chloride, , ,
_ . I apparatus according to c¢laim 1 wherein the
absorbent material is made in a method comprising the
step of exposing an activated carbon material to a polar
organic solvent before impregnating the activated carbon

material with said metal salt.

3. An apparatus for storing fluid comprising: a housing
having a chamber for enclosing a fluid adsorbent material
therein, the adsorbent material comprising an activated
carbon impregnated with a metal salt, wherein the metal
is selected from the group consisting of group IA metals,
group IIA metals and group VIII metals of the Periodic
Table of elements, and mixtures thereof; at least one
conduit extending through the housing and into the
chamber for transfer of £fluid to and from the chamber;
and a heat exchanger for driving adsorption of fluid onto
the fluid adsorbent material or for driving desorption of

fluid from the £luid adsorbent material, or both.
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4. A vehicle for transporting fluid comprising: a
housing having a chamber for enclosing a fluid adsorbent
material therein, the adsorbent materizl comprising an
activated carbon impregnated with a metal salt, wherein
the metal is selected from the group consisting of group
IA metals, group IIA metals and group VIII metals of the
Periodic Table of elements, and mixtures thereof; and at
least one conduit extending through the housing and into
the chamber for transfer of fluid to the chamber or from

the chamber, or both.

5. A vehicle according to claim 4, wherein the vehicle

is a self-propelled vehicle.
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6. A vehicle according to claim 4, comprising a heat
exchanger for driving adsorption of fluid onto the fluid
adsorbent material or for driving desorption of fluid

from the fluid adsorbent material, or both.

7. A vehicle according tc claim 6, wherein the heat

exchanger ig located within the housing.

8. A vehicle according to claim 4, comprising a fluid

pump for moving fluid to and from the chamber.
9. A wvehicle according to claim 8, wherein the fluid
pump comprises a blower for moving gas to and from the

chamber,

10. An apparatus according to any one of claims 1 to 3,

wherein the activated carbon is activated carbon felt.

11. An apparatus according to any one of claims 1 to 3

and 10, wherein the metal salt is calcium chloride.

12. A vehicle according to any one of claims 4 to 9,

wherein the activated carbon is activated carbon felt.

13. A vehicle according to any one of claims 4 to 9 and

12, wherein the metal salt is calcium chlorids.

34



