10

15

20

25

30

A METHOD OF PRODUCING A MATERIAL FOR ADSORPTION OF
FLUIDS Technical Field 5 The 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
Pm%ﬁ%%r%e‘?ﬁ@%@é&s“e%m iR oo rPF FLUIDS

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. JORRBAREAL BRftShly stored as a liquefied

gas upger highdessure. fihjeracuies thspsa-aipressure yassals, 2  an

which is expensive. It is also otentia;:gsda erous }Q store ammonia at
SRR oo BELSTARY the FossHR CEEatE taik (i e fhGrackFesent
iformedinthe sugacerefitheasesset), assuddarpetessesof aomoeniastnije the

tmaosphere may result. A sudden release of ammonia gas 25 may be .

I8 PurRB e e Tenss O ar e ity LramrhORa 75 179
fiheiatmosphere could be toxic to humans 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 alternativ®&s=kmragaghmonia at high pressures is

to Stoﬁ&r%@ﬁ”%”‘a P4 a”y?f Qikent matgrial Jowgvery 1he capacivaly  for
known a Sorjbent material has been quite

chemical processes. Ammonia 1is a corrosive and very
reactive gas that is toxic to humans in sufficient
guantities. 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,
which is expensive. It is also potentially dangerous to
store ammonia at high pressures because 1if 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
may be explosive. Furthermore, the release of a large
quantity of ammonia gas to the atmosphere could be toxic
to humans and other animals.

It will be appreciated that the high pressure
storage of ammonia is a particular problem when the
ammonia gas needs to be transported from one locale to
another.

An alternative to storing ammonia at high pressures
is to store ammonia on én adsorbent material. However,

the capacity of known absorbent material has been quite
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1 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

Rprease-the 2-SIPLA0R capacity of onj e adsorbent material. °
j:r%t?ére ?ga; need t% provide adsorbgﬂgt}%a{]%ﬁ% %%?%&%?gomaenéirl a?ffe%%ts ure
e MFEHECERE or Fidre ofkebdisadvaritiged desknivethabbee. Bdever®a and

deedis pEfa&de@éiﬁ@@beak@@é%@'%aﬂhﬂw@f@ﬂ@d%@&as% regeerf'éql}{ively
under relatively moderate temperatures and pressures and yet posses

HiahveRH5§R e rpidt capQity. THERe iy aeedto prbuideease the
Slspshpnt caglgdalsythat cammdaed splutians sughasagueays agymania

15 solution. Summary According to a first aspect, there is provided a

methold Bt pfodutirly diESdsofenP RS cagafEeent ansddintafhad, that

die raetiied comprging thaistep imenesiag-an astated carppiy-mateial e
efgre impregnating the activated carbon

oa %olar rganic oIventg _ :

%3%r%?%l%§ %afieﬁaﬁfr 5 t83°%%Rond aspect, there is provided a 25

methohefoducing areadsothenp maiedal capailesé adsping fuids that
osing an activated carbon

the method comprising the steps of, (a) ex L

"q'r%gterlaaﬁﬁf‘éJ g%pol o anig%g%/)’éﬁﬁk&grer’rﬁ)&ﬂﬁ§ at%%lﬁfﬁﬂéh offderate
t!@cmalear@au'mQOmh/epr@re_;miheﬁcﬁmtegéart}@:sgg%tgrlgléi@tive;l% high
é&%%%ggg a salt to th% j?1f:t|vated carbon material in the presence of a

If‘ c:atrF_)ac':%1
aqueous solutiort; an
There is also a need to provide adsorbent materials

that can adsorb solutions such as agueous’ ammonia

solution.

Summary

According to a first aspect, there is provided a
method of producing an adsorbent material capable of
adsorbing fluid, 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 aspect, there is provided a
method of producing an adsorbent 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
solvent from the activated carbon material;

{c}) introducing a salt to the activated carbon
material in the presence of an agueous solution; and

(d) removing the aqueous solution from the activated

carbon material.
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(d) removing the aqueous solution from the activated carbon material. 2

The method may further comprise the step of calcinating the adsorbent
material. According to a third aspect, there is provided an 5 adsorbent
material made in a method according to the first aspect or the second

aspect. According to a fourth aspect, there is provided the use of an
adsorBeat mawkaPsad@mya métbblsREordipgEr thesfirst'ddpect Bk die  of

S8GONELASRESt AR ALSIBLRR O GfA fiyid sAccording to a fifth aspect,

there is provided an apparatus for storing fluid comprising: a housing

having @<HEGABEr f&%nélos*ﬁ#’dﬁ@so?o’ﬁ?ﬁ%ateﬁ&?ﬁ@relﬁsthé’ﬁﬂgdﬂ%ﬁt an

afatanil semprisieg 291 15mckivategricarhonapregnated wthia salt; aed the
at least one conduit extending through the housing and into the chamber

T Hand R OF uRiFto iR F6MOME GRAR5Er - In one embodiment of the
fifth agpe@ heradseent Lounaterialdpatagle it Bapethed apeadingda the
the first as#'aect or the second aspect. According to a sixth aspect, there is

USfovitEd B AFRCERETSr MY hAd cBRBfsiAG: a%o’ﬁ?ﬁw’a%%vuﬁfj%ommg

reharnker ferlotatinga fido25 atisoreenionatetalibersin; fbleastienaption
conduit extending through the housing and into the chamber for transfer

&t uid 13 4Rd from the chamber; and a heat exchanger for driving
adsorptopebifimid 3bonto tiie finikd adsedent matedakor far dpvingided an

apparatus for storing fluid comprising:

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

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

In one embodiment of the fifth aspect, the adsorbent
material 1is made in a method according to the first
aspect or the second aspect.

According to a sixth aspect, there is provided an
apparatus for storing fluid comprising:

a housing having a chamber for locating a fluid
adsorbent material therein;

at least one conduit extending throug@(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 fluid adsorbent material, or
both.

According to a seventh aspect, there is provided a

vehicle for transporting fluids, the vehicle comprising:
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desorption of fluid from the fluid adsorbent material, or both. Acgording to
a seventh aspect, there is provided a vehicle for transportmg fdes., the
vehicle comprising: 3 a housing having a chamber for locating a fluid

adsorhgent ial.therein: and at least.one conduit extending through the |
housirtf)ige a%%ﬁi%rbt e?:{ﬁgaj{pn%ﬁé]r f%r tra‘?r?é?%r%ﬁlflui??c}: the 85%5895& fluid
PR The BlkampEe Bk dbtthe vRéemBeWIment of the seventh aspect, the

vehiclg ds a sglfprapslle igle+In ﬁg@ﬁ diment of the seventh .
a%ec?ﬁheqﬂugigﬁtﬁbedﬁ%terél iég Jr-{]nEz;3 e mqéémgt%ga%%%or ﬁ’i% tgx%%s:z.ng

sk RhSh ek Br HASRIRdERPesE DrsifiRione ITHelielldwing wirds endmber

dermag ssed herein shalk have, thg mpeaning indicated: 15 The term_ ‘fIl_Jid' is
to be interpreted broadly to refer to both a gas phase fluid and a liquid .
phase i EhERRAT LG ef Eallth RaBHRthtcrsReEstbroally tdehicle

iisclyde ehy-gargre Mpderialdipatds gapable of adsorption of quiq. 20
Unlesri specified otheryise, the terms "comprising” and "comprise”, and

grammiBticBPTarBHOFERSSt ar8 TintehBe PR TRpidsenoRpPER” orthe  fluid
atisdudivei languageisich ibakiney inchide repled SILMRIS YL IS0 o the
£REr it inclusion of ad%itional, unrecited elements. 25 As used heré€in, the
ferm "abott Cin the confext 5F WHc&P&hs of components of the
formulations, typically means +/- 5% of the stated value, more typically

+/- 4% of the stated value, more ¢ Jj%%.l%ﬂﬁs

The following words and terms used herein shall have
the meaning indicated:

The term ‘fluid’ is to be interpreted broadly to
refer to both a gas phase fluid and a liguid phase fluid.

The term ‘activated carbon’ is to be interpreted
broadly to include any carbon material that is- capable of
adsorption of fluid.

Unless specified otherwise, the terms "comprising®
and "comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive” language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about®, in the context of
concentrations of components of the formulations,
typically means +/~ 5% of the stated value, more
typically +/- 4% of the stated value, more typically +/-
3% of the stated value, more typically, +/- 2% of the
stated value, even more typically +/- 1% of the stated
value, and even more typically +/~ 0.5% of the stated
value.

Throughout this disclosure, certain embodiments may

be disclosed in a range format. It should be understood



10

15

20

25

30

3% of the stated value, more typically, +/- 2% of the 30 stated value, even
more typically +/- 1% of the stated value, and even more typically +/-
0.5% of the stated value. Throughout this disclosure, certain
cmpodients gy pe disclasedip a tanggforrel flahould be
understood 4 thaﬁﬁe%%sc%ption in rang ?ormat%mereulyi/ or merely for
cenieniepecandistetiteaiid shand nabpa tenstfiedoss aorisfiexitsid as an
slineitation an theyseppe-f e disslpsed, angssoAccordingly e i sciosed
description of a range should be 5 considered to have specifically
I@iB6I8Sed AF GRE$bRGBE sU farges esipdILeRinafiduar aAlgRriediould be
cwldeswitbia thatgangg, Petaileg Bisclasuye piEmMRodingiie ¢l0 FI9gess he

for producing an adsorbent material An embodiment disclosed herein
PREtELI¢a nidthod dRIREkinG An afRdloentmateiiTidRrihodiaerical
vRIDyisle mpreyad #nategnatign 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 th@perreiedo Hageiscale-appitationsdikraeiéd/ated carbon

material may be selected from the ¢ consisting of carbon granules,
FEQEER Fnbis Ry esy Gt SRR A LS 2 Earbon matrix,

carbampentierdintkearban sell dhedsdiemay heremetal hatide salhethend of

metal may be ngaghcted from the group consisting of grqup JA metals, )
MBI FRbtaR e EGIGp VI GBI ot the P&rioflE DAoFp By Provide
ialpmentz] adehmixigrestthereob fThedbtide may berselestadifrabdle cacl,,

wg£ugﬁog§gu%%%g¥ggg§’material. Due to the gas adsorption

nnnnnnn

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,
carbon nano-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 consisting of group IA metals,
group IIA metals and group VIII metals of the Periodic
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 1is chloride. In vyet another
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 calecium iodide.
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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 (CaCl2). Other

exemplary saltsmay.Re badum chloride, nigkel chloridg, . m U, The
ch_Iorlde, cobalt chloride and strontium chloride, bro_mlde fluoride and
wedlgim i8digd. 55pAd saiedalbee dotid oralzan sélitidherheakeighty may

pef selirelativg (-eyROR IR e ri@@@&mle&%ﬁg@ﬁ% a9 fout
roups consisting of about 10% o about 50%; about 20% to abdut 50%;
18800t SORREEE aboR 80D 20% 15 AARTOY; 08 toRtbRE AGRE £

aBRM 18%nto abpih30%) aRouE 40%1Rabout 3Q%. BExemplasy weiaht  40%;
ratios of salt:carbon in the material may be_ selected from the grou
8&% rat lary

wba@?@inf@@bgé@ adj@stirls@ﬁr}e:@a@m&pf Iﬁé inufﬁf@c%&iiweaﬁga@n may be
weight of carbon material. It has surprisingly been found by the inventor
L GHE hirbBERoh BF SHFG ERrbbiA e prOSdibe of 2 poler ctari 2nd

3salgent withlead &3 rleanced idsationrl S ebilities akthe sarbeBtained by
aterial. Without being bound.by theory, it is thought that the polar )

a ﬁ%éﬁvgrﬁ%ﬂn%%gﬁtso%eéﬁﬂ% #ﬁlﬁl’éaﬁg‘[ﬁ] h oacﬁvﬁbﬁ%r%%lght

ohaterdhobhenpalar beganic solvent may be a low carbon polar 20 organic

solvept. The polar organic solvent may have fr 1 to,6 carbon atgms, 2
Pl The polar,ord may have fram L (o

to 6 carbon ator%%frg o 10%%% a?c?ms orof%lm 1%’ 4 e3fbon atoms- that

thee dmboduineritite loW caddon polaraagiia sdlvent iesglected fiom of a
pifs grou sonsisting of alcaholgsqtpers Aldehydes kaioNee  adsorption
abilities of the carbon material. Without being bound by
theory, it 1is thought that the polar organic solvent may
assists the salt in imprégnating the activated carbon
material.

The polar organic solvent may be a low carbon polar
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, ethers, aldehydes, ketones
and carboxylic acids.

In one embodiment, the alcchols are selected from the
group consisting of methanol, ethanol, propanol, butanol
and hexanol.

In one embodiment, the ethers are selected from the
group consisting of dimethyl ether, ethyl methyl ether,
diethyl ether, ethyl propyl ether and dipropyl ether.

In one embodiment, the aldehydes are selected from
the group consisting of formaldehyde, acetaldehyde,
propanaldehyde, butyraldehyde, iso-butyraldehyde.
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25 and carboxylic acids. In one embodiment, the alcohols are selected
from the group consisting of methanol, ethanol, propanol, butanol and
hexanol. In one embodiment, the ethers are selected from the 30 group

consiging Rk digatyd sthatethyhmethytethes disthylethetathy! propy! the

ether and dipropyl ether. In one embodiment, the aldehydes are selected
SFBHP tHEEOLP gis{‘?ﬁg 8CekARRIehPdORRRMIGehyletanone and iso-
bptapasakdehyde, butyraldehyde, iso-butyraldehyde. 6 In one embodiment,

the ketones are selected from the group congisting of acetone,

propaihe® GitahBhE An & P BB hE FHictadiidicR T atORIER & the
polyheaxposeed tcsﬂsmvérpolaé@rmanicea@\éaﬁﬁa@éeram@@ﬁ@csibﬁ&&i the

from the groyp consisting of about 2 bout 25C, about 30C, about
R S R el T S S T TS
abwteriab B expospdid theqfalarangyasiscsatvestitan ambient embodiment
the@pg{: tg[‘rearagge %faa_}r ourt1 1% &@ eto AL ut J,’:%OC. The %cti atllg_d cqt_’rgon 1

matefial may bé expose 16 the poI’ér orgamg SONEM 3T p edsurd® Polar
oselented fromi teenigrauip cansistihg ehabditfirferartoadouthdar, 88 bavout

bout, 3, aboyt.@,9 bar to about 2, and about 0.9 bar 15 to about 1.1. In

1§)n§%mabbo%u?r€er§]3) thé’activated carbon material is exposed to the polar

orgafssowehtiat eiessarmbofabuait ¢1bbe.1in may ebbodirperscie to the

,pgig\@tegf%%%%m%tgﬁi@%ﬁtex gsed to t@%B%@%ggg%%%%’g ttao%gagm the

temperatu selected from the grouﬁjconsst out
g80ECpalomstise- tongbovf 508pubodt. oG erabiout 406yt 4 bar, 0.8 bar

to about 3, about 0.9 bar to about 2, and about 0.9 bar
to about 1.1. 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 teﬁperature
selected from the group consisting of about 10°C to about
80°C, about 15°%C to about 50°C, about 15°C to about 40°C,
about 15°C to about 30°C, about 20°C to about 30°C. In one
embodiment, the activated carbon material is exposed to
the polar organic solvent at ambient temperature and
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.

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.
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about 15C to about 30C, about 20C to about 30C. In one e_mbodiment,

the activated carbon material is exposed to the polar organic solvent at

ambient temperature and 25 pressure. It is a particular advantage of the

embogime that the i atio th It into the activated carbon .
ogimepfs, thalihe impregpation of 8%?58 a8 SREEG ssé’s?fﬁ%‘t is

material may be undertaken at fow témpéra essure

 TRmY Yeguddihe teBRTassatmtdd Rits plovitiomptithEwadsbrenpass ing a

negiial. gsTheply oganiessaluelmax he famavediomile s o) - ppe
activated carbon material by one or'more of heating, esiccation,”
CYERF G R EticRedrGAg K9y VHeeratacimt-erthyimafusieg  range
shealedgast ¥ dm one grhgdineents NeRglgr yrgagipsolyent i, gemovedon
15 gvaporaging the solvent and further passing a heated gas, such as
[

rotren hroughthe thateriaf Orve B9apifaion rﬁaf}cbe*éarria@acﬁjt attm one
etvojbnabie rangetfeselegtedbemia arup cansistigg £f 29C to,1Q0C, . .

. 60C to %OOC, 60C toPrQOC, 60C to 80C, 60C t007OC. In one embodiment,

CHPSF POt or R cCERRdGR A a ofeniRerd@Peth tiEhangesbed 108s. used

fohe Hegtaggashised dob deyingihe actvehadbenANAlGHA) MY PEANY ga s
+gas 10,that s inert to the polar or&anic solvent. In one embodiment the

gas is fiftrogeh: The agtieoh&Solftohihay HedRfidvedRoRY e actif@tedone
enhidimeaterighby gas of matrétof bgating, desiccation, evaporation,

calcigation, drying, drying 15 under vacuum, or drying using heated gas.
In on%%%mb%éprﬁgjrﬁ?he %ﬁ?e% EDIutiBRYs reffoved BYRVHoratfdion - the
afdifovatkldy pagsingra heated gbs thraygh shreactirateglosrbopmatRiiat i ng,

adUEdERTdGes My he AL GRS, Lo e pctvaled catbon
material. In Ofie erbotiman y
under vacuum, or drying using heated gas. In one
embodiment the aqueous solution is removed by evaporation
followed by ?assing 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
the heated gas is nitrogen.

The method may further involve calcination of the
activated carbon rr;aterial. Calcination may be carried out
at a temperature selected from a group consisting of
about 100°%C to about 500°C, about 150°C to about 450°,
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°C to about 200°C.

In one embodiment, calcination is carried out at
about 300°C. In another embodiment, calcination is carried
out at about 175°%, particularly where a hydrous salt is
used such as CaCly-H,0. 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 (3),
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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 100C to about

500C, about 150C to about 450C, 25 about 200C to about 400C, about
hygaedsAbolit 400 Sh 485204 G hbout B8BEL BBoul T30C rdiReR  (C) -

ag0Ce g abeuiskdCita @beuir200€n Inene eepedmaidnes|cingtion i51uid
carried out at about 300C. In another embodiment, calcination is carrjed

134 ot aBoufFF5CSFARENGY WHetB a Mitffoud EaFR USSP §dHag of
afea6A 2620 hike-Buidradsanptiindmaterial 1 freparectk adesrdingtettheas  s0,,
di§closed m t?ﬁd m%/ be gh able of adsqrbing a fluid c%ntainingkr?toms NO
DB R o U HPSup CORSRERG BF nfrogER IR oXyger (0] sutuf®), N oxr
£6 Ry tagreinyd@s) , chieriner(Qy uertrerfFoncaainoh (€)xiandesombdirationg. In
thereof. In_one embodjment, the fluid may be a gas.selected from the
a&%%%%n%?é%%élo eélr%fno%]tlilf ,ht;éilr%)lgcgr:lsguléd’é?%ﬁﬁu Foxides such as
SOS, 5 hydrogen chloride, chlorine, nitrogen oxide such as NOX,

‘;E%mgl §h¥8§»’ L %gg%r glapd mixtures thereof. In another

' ; %t%s-rrquﬂgémm nia. Vehicle for Fluid Transport 10 A
discloded éabbuimdnteatbo rélates to alenickefor tieansportngwkids: The for

aae%mgg&%}@{ies housing haying g champer farlgeatingafiuid  housing

sorbent material therein. A conduit extends through the housingand
hiawdinge sharhbabler trénsfersiarifdligart floki ik BXlskaBat Thaterial

tfiud adzorbent materal prayided inthe LHRR MAY b, 30K ARFOTRERAE into
capable of adsorbing fluid such as ammonia'gas or ammonia liguid. The
thehiclelmapps for transfer of fluid to and from the

chamber. The fluid adsorbent material provided in the
housing may be any absorbent capable of adsorbing fluid
such as ammonia gas or ammonia liquid. The vehicle may be
a self-propelled wvehicle such as a truck or a tractor. In
other embodiments, the vehicle may be a trolley or a
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
filuid adsorbent material, or both. The heat exchanger may
be located within the housing.

The vehicle may comprise a fluid pump for moving
fluid 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,
wherein the chambers of said plurality of housings are

capable of being in fluid communication with each other.
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a self-propelled vehicle 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

lying adsarpti ' the fluid adsorbent material or for driving

ubleh A s Fid adsorbent material, or both. The heat
exchahfier anyt R6he fyvacstivwithib thettivasimg. ikhe adlsiole midyclosed a

isgafluid pu quing flu rom the.chamber, Tk&s fluid

s !Héq;@_ %E%ﬁ %H‘F!.’(gﬁlm an frgr(r)]utﬁé'%ﬁam Sertg @

gas t er.

~ pump may comprise a blower for movi
ch?éfg”@ﬁclé%ayl&ﬁﬁﬁﬁé’&a pluflinist hedsingbesd wirteintrd therein.

Tehembrre0fiegid Rusdlity 1ol Bougipgs atg Gapalle of heing,in fluid xtending

communication with each other. 9 Fluid Storage Apparatus In another

HBdmeht thdres By dddostate fililstoragakppares domprisiey of
fa heusing havieg & rehambes farieeatiog A flwighadsorhent ”@%@énger for

therein. 5 The housing also has at least one conduit extending through

e HREinG ISP TRE 12 chhbet Iatifngatsr fitileo ddifém @dsorbent

nehasmten ansia hegtexahargaidor skivingadsorption: of fidiontodhe,,  ¢he
ff uid adsorbent material or for driving desorption of fluid from the 10 fluid
éﬂ@o&b@rﬁ%ﬁﬁ@‘ﬁﬁﬁ OPBERE it helf eRhgel BayhBa b ergbrnger may

bextendiog dufthe housingsg thatdbe outernsiiacefdBe eaRUILNEY B8t er
in contact wijth the fluid adsorbent magerial in use. The conduit may be in

SRETBIM Of'a didfaritPREYbe gRaviddfariRe GO GF e hdtRfgf 1uid
albsusehenoleadfiid sy bmpragidedtadhabertuexchaggento (.ﬂﬁ/eﬁﬁél form
sorptign of fluid onto the fluid adsorbent material. Heated fluid may also
og'cg pa}ovfgjé%%o ang may lbe provupeén at the bottom of the
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.

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,
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

embodiment.

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

used to contain adsorbent material therein.
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the heat exchanger to drive the desorption of fluid from the fluid
adsorbent material. 20 Brief Description Of Drawings The accompanying
drawings illustrate disclosed embodiments and serve to explain the

principfagof the disclasedraspbodimgticods tobrundeistond, haeyeht ion
ththat the drawings are designed for the purpose of illustration only, and
ot R IEHe AN OPHAIInGRE oPFRANGIHRCRHy. 1 is a process flow

diagrag of a grocess for preparing an adsorbent material gccordingtoa . |
disclc()a?(-f-ls"dg 30%%16‘05din%en€05%.v21 %wa c?gssa}se% .8?%%#6?%% gated in
tdwinders aspd iosontain.adsorberft edtgriaBtherein. 10 Fig. sis a
cross-sectional view of an adsorption cylinder containing the mesh
cylind@i-&Fig. $bis & %op ¥iewd bfig covlimy diskAochted inctd ddsprptidsk  of
E@éigdgraqf Fig. 3. 5 Fig. 3b is a side view of the cooling disk of Fig. 3a.
Fig. 4 Is a schematic diagram of a metal container comprising a plurality

of the pggorption; eylindess REATS: 13- 18 FigyAhiS 8£ressiectianal it i ner
view of an assembly comprising a plurality of metal containers as
IR E 1R Eig 2. M MIRLISY vidw of the asBRPRPSEFR 48 Ed iR of
Fspemgfic diagram of a vehicle for 15 transporting gas comprising a
plurality of the metal containers of Fig 4.
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 is a schematic diagram of a vehicle for
transporting gas comprising a plurality of the metal
containers of Fig 4.

Fig. 6 1is a schematic diagram of an experimental
system that was used to determine dynamic adsorption
measurement data.

Fig. 7a(I} is a SEM photograph of a sample of an
adsorption material comprising 45 wt % of CaCls 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

magnification of 10000.
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Fig. 6 is a schematic diagram of an experimental system that was used to
determine dynamic adsorption measurement data. 20 Fig. 7a(l) is a SEM
photograph of a sample of an adsorption material comprising 45 wt % of
CaClpaga magaificaiien ef 1008 FighJedgisprSEM photograginef 8o an
sample of an adsorption material comprising 45 wt % of CaC12 ata 25
atwgpificaton ahd 0606.al1 regn(peidiisa eV photograpl of @&saipplatr a
of an adsorption material comprising 35 wt % of CaC12 at a
mengghfitation ohl1@30. Fig.07b (11) is a SEM photograph of a sample of an
5 adsorption material comprising 35 wt % of CaC12 at a magnification of
1000F g 78 ESEMiphotogRih obhsaopimphano Adsorpiianphatedat an
prepared according to a disclosed embodiment comprising 35 wt% of
agaciptioFigHatisaiSEM photpgiapirgf a S&mpleof &n afsotpitn, at a
material comprising 35 wt% of CaC12 not prepared according to
mgigolbégehibumliméntl G4 8. is a graph showing temperature and weight
data at changing partial pressures of ammonia over time 15 in the
adsorBégof Hig. 61Figa9 i$ENraphefesngrlisonfiorecapamitplleg of an
aé@gl‘i{ﬁ%ﬁs H%%Qn?ibéfrb%%ﬂéféan%%%fﬁ?{ %I pE%S..SLge Ociisclosed

ammonia gas and gas flow velocity. Fig. 10 Is a graph showing the
ephedireedro peRw GHLREHSS oF§ds fidw Galtity in an adsorption cell.

Fig 11 shows a process flow diagram of a testing facility utilising the

metalTbBtainérs dépiced mipfgaPhotograph 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
in the adsorber of Fig. 6 .

Fig. 9 is a graph showing adsorption capacity (kg
ammonialgas 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

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

Fig 11.
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Fig 12 is a graph showing an adsorption temperature profile of an
adsorption cylinder of the test facility in 25 Fig 11. 12 Fig. 13 is a graph
showing a release rate of ammonia vapor from the adsorption cylinder of

the test facility in Fig 11. 5 Detailed description Process & Equipment for
makifGRCF Risbibeht FEREh B o’ £ 8dRassicdaGranfofgmonia

vReesT24:0r tpreduGing agsarbantspateralapade ehadseeyng Huds 11ty
., such as ammonia gases and liquids. The process 24 in the 10 disclosed
LBribbiment utilizes Activated Carbon Felt (ACF) for adsorption and
desorption of ammonia gas. The process 24 comprises an Activated
Carbon Felt (ACF) module 1 comprising a tank 2 of methanol and a mesh

D@Q@f&&3é@g@g_@gﬂg§vmed carbon felt (ACF) 15 therein. A more

detailed view of the'mesh cylinder 13 can be seen in Fig. 2. The mesh

peYingdeL 13 compy éﬁcci&ecyiaruzgfﬁﬁ ARIPlesg SIS MaShAIe 19,3

stainiess steel plate 1top a

surrogn@ng 20 smeenelesuseRémbhe encosye Al is pagked-Withss 24 for
activated carbon material in the form _of activated carbon felt (ACF). The

PROFIL) PeHHEREFREmARIEShPLuchaR2REM KimasisRTd Brmirdskuids
sBelarusungeidhe #ade sageaBY SORIE @85 ahbongheikeysial & the

Trading Co. Ltd of 25 Jiangsu, China. The mesh cylinder also has a
LIRSS o STRRRG A S AToS (T TRR B G (e i (ACE)

fplate dgotepthedwttentplaiss $3pieeoriitdusalso gagde of stainless
steel mesh to allow the flow of gas to and from
The process 24 comprises an Activated Carbon Felt

(ACF) module 1 comprising a tank 2 of methanol and a mesh
cylinder 13 containing activated carbon felt (ACF)
therein. A more detailed view of the mesh cylinder 13 can
be seen in Fig. 2,

The mesh cylinder 13 comprises a circular shaped
stainless steel mesh side 15, a stainless steel plate
top 17 and a stainless steel plate bottom 19 surrounding
an enciosure 21. The enclosure 21 is pécked 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
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 to and from

the ACF.

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

sufficient to allow fluids to flow inte and out of the
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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 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

g phn GUSSREEH chitidet 4 251Rd 15 SABIBRoFOYIREEY E2EoirfiséSE from

e Beigigylindercld sWeowrhng agenslasurer ¥6. The metal cylinder 14 is
connected to_a top metal plate 18 and a bottom metal plate 20. The

conddit®2 extend@MDugh ArhFeife prORERT RAREIoH Metal piife BF 2
haundintg thereng/hsure 40 6 oEhe pondidis2isiseated aythinerd- 12. The

xtend'h%;nto the encjosure hy a bottom plate 19. Anothe cond;(ij{Zﬁ 14
a t%’ﬁEé PBughan'aisetture Provid@aHy the Bottém Mt plate’2dBAE ©
sinte thenddcigsueml 6efthe @mglosurg 46 hah & meshadylinde! 13decateti4 is

therein,whjch, rests on support, 1 17.1h cyli ger 12 includes a heat
e R in 1 P OF » BO5AD Wa o 161 Stiech (R begh metal

ptdinelerZiB.anftiee soppotil?. Fijs. 3adleredpectivelyusfiowantopsgrd-ture
side.view of the, coolipg disk 101. Th disk,h t royided therein
pﬁﬁ(/l"ié% wa%lr nglvivas %gﬁing%%%]jlo ?éﬁcﬁ%teﬁf?ea%%rgné%eﬁgrh%f% a%rﬁg oSure
1 épirdihealonmptindudduy 22 thiesdiskearkbwataltis iHjectezhdh ®zitamfenentidnto
y - erQf hgleg j tu roypote floy.of
L oo T o o e (g o 23
ewbeardiskciooiggh flai  emranimiatior aithdesboling fitig sbafcearhanetal

pﬁhﬁtédﬁgpg%c%l.mgr ;l:%és i@r?@l%%%tioﬂ@()dﬁm&o@ﬂEQOSure 16 has
a mesh cylinder 13 located therein which rests on support
17.

The c¢ylinder 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 view of the cooling disk 101. The
disk has a tube provided therein in which water flows
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
to promote heat transfer in use.

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

cHuougtiheeqQling yateydisks1Ql, In-gthengipbagiments . hotyater may

flow into the cooling water disk 101 to further drive 14 the desorption of
thss meatieAdPatedidl-provided in the mesh cylinder 13. In

emboginenis ek tescindeel4 isPrexjdet B 983 traasRofiiioBed in
system such that the cylinder 5 resides on a truck platform, hot water

Afrofiffie tTUERIERSINE Aty e uSYFEER hedtfhter SBiice. Referrifylinder

ragaide Fign3, dhewconduit 23 is: copngctadde agaseipe £aehshews) Vigruck
the, aperture in the bottom metal plate 20. The gas pipe supplies gas to

eRgHRE BRILIPS3 WHeH RS adisBfton & fifider A4 SSperated in an
adsorpéide mndey Anathetgastpipe @iof .shop) isteanneeieddathe 23  is
condui;c22 ngch grovides a, vent for Q:?e as when the adsorption %ylinder

CPPRE e Tate S inh FRDAOR MIES THEESEE AlsS hovidit £Petémts, in
tleanigestwiremibe atisgrption c@ihdeh2 isgeperateddn snpdidwéionyas to
ode, In aother e diments, the. aperture extending through the top ,
R e TAr thé apelife exEhang TsCaR 18 Bordv IRESo mag 1o
oberprowitled withea gasdsive ta contmobitie flovknbgaeto 2fhanddfigre thénot
it In us t |s to be adsarbed is provjded to_the .
sé%%glr tiﬁ%yﬁr?éi%%%ﬁ\%?a%?pe%ﬁ%t s%%{/lv%)ué%)nr%\agctew 5 The gérr%YJJl'tdes a
v@stThEgas drters dmsmeghenylindsr 13 thsoughttherouteydylindeical 12  is

oBiEsheulifage 23 162 J0ds AROREION NS S Gl BdsARel Masidhies o
vent for lean 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
and from the conduit 22.

In use, gas that is to be adsorbed is provided to
the adsorption cylinder 12 wvia a pipe (not shown)
connected to the conduit 23. The gas enters the mesh
cylinder 13 through the outer cylindrical mesh surface
16a and 1is 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
desorption mode, the gas adsorbed on the adsorbent
material flows through inner cylindrical mesh suxrface 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
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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

wBaTpdsprbed on g adsqibent ynateral flows Biquthinnergylindiiegla:  is
mesh surface 16b and exits via conduit 22. The metal cylinder 14 is made
stPd eetalTh&GS RSistdntd6 8rBSibnTf fiFgaskbus FMRBAMeRAESo

15 whigh ij;/is1expesedh iip e embadimenicthe metdlis SEMBlEgS ARt S the
it does not react with ammonia gas. It will be appreciated that in this
meRBo GRS mesh BifidBrReEs AR (k8 irfReIRbbn g litgder 12
bbeubecause itds exnesieldie cadaindha- ACK i e mesh adinderel 3mesh
when the ACE majerial is subjected to the process 24 as wijll b
CHISTHIEE 1herBbw ERSobert TRV bRTomSeo MRRRGRdsHEe  the
paydinders 23 ares oplidnallaaddbe ACGH sdy Herdoked wathowthethaesher it
0 adsorption cylinder 12..Furthermore, in other embodiments, the
S 6%%% mpéy? be%ﬁgd%r%egf a %i%ﬁ"‘pﬁg plp%e that extends ¥hir%ﬂéﬁ one o}ﬁwe are
copiplaiell 8Baoyinddéreside" ¥4 arzhottbm 20aklkthbrnwdrehimothdre chambex
bodiments, the conduit 22 m xtend.all the way through the 15
A Atetic %%?ﬁle ads%r“%%érrll c?/ﬁnde?’}l/{' The ﬁ“‘s%tr:p %Ir?ﬂé%/jﬁﬁﬂer 121n1%ay beOther
eudertiomsinisand releasadasteseychas d&nenohizit wifl be apbredistegipe

t‘g@é‘s%rg _ ggggm@%mgﬁ 12.6an B‘%_"%'Pfé’ofé%%o;bia dicleso g PG ger
ption cylinder 1271s @ 20 convenient receptacle’to store and

stislespbét gas. befitalso B apPrecidtedmbmein otirer odmbodismnesiiments,
t %ﬁﬁ@%ﬂgﬁ&%@C@Qamﬁé@sng@gend all the way through the
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 cylinder 12 is a
convenient receptacle to store and transport gas.

It will also be appreciated, that in other
embodiments, the housing may be capable of storing
multiple mesh cylinders 13 therein. Figure 4 shows a
housing in the form of metal container 30 having a
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,13d,13e). The metal
container 36 is also provided with an outlet conduit 40
for flow of gas from the mesh cylinders
{13a,13b,13c,13d,13e).

A dual train of metal containers as described above

will now be described with reference to Fig 4a and Fig
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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 s provided with an inlet conduit 38 for |
o P S0 1 T B St 27 %6 And B e Heohoy e view

a3 13mp3v,18d, 18€). dheasestahBq vodiner Sfips Alsbrpyopilad sithtan of
t conduit 4 r.flow of gas fro e h cyind , ,
m%#(%il%,li%ci%é{%e‘%%%ual trainq(;?@rﬁért%?%dr?f)gﬁérgs%é agsedrﬁ)%%l P 30B7,
3@@(_)\/@%" an%(_)\ﬁbé dedtribegwith réfc_eren‘&biao RigtelamebRigaifetbs (302,
UL SIESREATMAIE 200 2, ARV SaglonaB BT B, INLILPMFLAE as
assemt:gfy 121 comprising plurality of meta corftainers
Sl(@@a}s@é}so‘%ﬂ,@d%@em@'@%g 3be', 30U, JBeyrof FRrpuraend tBie wetdlainer
e £8aianeis (0ang S9840c SRddfe 303 S8 R Il 2BRL A aanopdo,,

as shown in Fig 4a and Fig 4b to form two metal container trains 136 an

30863 Each Wt 110 fretlontliRérs 1864, 304", 30e”) contain
m3PRi30re3chi308:304 53000394 398306 B CRriaife Buitiple gdsorption

cylinders 13 as described. 10 The train 136 comprises metal containers
(30a,3B6,30c, 3¢ 3Be) whiid @he trfiRUBE L SRprised9hathl confand@iners

(18Q3' 30h,, 30¢,390a30®) JTheystiudures ol theiwp; thaing §136, 13 AL: ses
identical. The structure of train 136 is described below. 15 The metal

mebAthinerSRLIBSE6C, 30030 of 108 raiP €36 A& enclostReinlee  The
steusingdel?. DIe e 13648 pravdded withiag inlefoondyit-L22 farfiew of 1 .
as. into the metal containers_(30a,30b,30c¢,30d,30e) and an outlet

TRBnaGT SE IR of G Butlot thé TndlaPhthRgrPelow.

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 outlet
conduit 124 for flow of gas out of the metal containers
(30a, 30b, 30c,30d,30e). Butterfly wvalves (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
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 wvalve 128. The
outlet conduits (40a, 40b, 40c, 40d, 40e) of the metal
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, 30c, 30d, 30e). The gas is adsorbed

on the ACF adsorbent material located in the adsorption
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20 (304a,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

infq the hous(jijng 132 fﬁ5 vja perforated conduit 130 that is in fluid
¢ Gativn SRR theSnte 8 BRkfers BH230E 36, J6tP 30e) 300+
380, 0utledgondad g4 is alsmpliovidedyas the kmof pheassemblyci?loutlet

and have a erfly valve 128. The et condulits (40a, 40b, 40c, 40d,
BT iRe obR 50 AUeind 23044 006, 340 Hoa=360) SRS Fo the
coomoruneatiba twithcthéypetfoiaidd sondhia 34 e usetthetonduit +3d exit
30c, 30d, 30e). The gas

rovides, gas t m container a,-30b
0|stac?sdt§rlc‘>cg?L oﬁ%ﬁ%’Ag@%\Gso@r &ht r%éa%griafo%zafed in the adsorption 17
cylinders located within the metal containers (30a, 30b, 30c, 30d, 30e).

ngggggﬁ%gﬁ- gs from outlet conduits (40a, 40b, 40c, 40d, 40e) and
connect to the "common outlet conduit 134 so that the outlet gas can exit

5 out 9}%‘@&93’&&%&{%81?{9d w3 ARCesAEAYIRBIBOLRIQCESS process

equipment used in the impregnation process of a discloséd embodiment

ofillmofifcdessbegmbg i mardnotisld ploedssipwinsgraibsta Fig- 1
sRIREESHIOLRERRALIRT ansfserbantaatesal agcudingde & displosgdeparing

embodiment. The process involves three tanks namely; a methanol tank

an 4 \WRISAERRBaNd BTt g) tAFCA T A BBthe tBRks (B3,4) hbsekesed

eflismeipesfficiently 1platae sychithebtheameshieylinde 13 issablguiedls,, a
located in the tanks (2,3,4) during impregnation of the CaC12. The
meteanqig @Rk 43s conitéRiito @Pcutindfitng Caclz (aq) tank 4.

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

9 via a cold trap (5).

The CaCl; (ag) tank 4 is also connected to a nitrogen
source to allow heated nitrogen gas to flow into the
tank. The nitrogen is initially stored as liquid 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

passed through the tank (4) wvia a valve.

Example 1 - Adsorbent Material
An example will now be described in which CaCl, salt
is impregnated into ACF wusing the process equipment

described above with reference to Fig. 1.

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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9 via a cold trap (5). The CaC12 (aq) tank 4 is also connected to a
nitrogen 20 source to allow heated nitrogen gas to flow into the tank. The
nitrogen is initially stored as liquid nitrogen in tank 11, which is

evaporated | vaporizer.10 and, further heated with an electric heater _
9. Theﬁ%og@er% %a§ ?’eipgé?t%% thg'}'ba"gg%f HE92NICt) ShaMs thBs ZBethanol

tRisked tdougingestedk () vitkevatiies Examnpte vafdsorbeniiMatetial mesh
¢ le ywl e lbed in which CaC12 salt _is impregnated

%%@g%sixg tﬁ%ﬁc;fi%gﬁ%gnﬁgﬁ desEfbed %%ngmgl% rehke the

digti HethepFesessamolvethibgosesing eme sdredving atie®Ms to rinse

fYHRESIE3 gemprising agtixated ACF into and out of the methanol tank 2.
This was repeated 10 times to ensure that the ACF was completely

drenchrgbwitl spethancinti Fhe megh cylindar 13 w oyed from the
methanol tank and immersed in the distilled water taﬁ%ﬁiﬁe\%eeshﬂstlllai

YAlifder £ a3 iRSHUEBES B2 dremebed Gaflthe( amlilldhwhtet tdike 24
hbhis wias Tepeatash bl Hnes #a sAsec B meshkanol fra )th%QF-Jé;Fu@c?é% to
rse

cylinder 13 was remaved from the distilled water tank 3 and imm In
PHRCAE13 (5 Tark PP 9] RBHECTRE caicdhiraiin e Eald12 (aq) was

adjustﬁg torprovid%a CaCl12.Carbon ratio of 35:65 by weight. 10 After

soaking,tfﬁe saltSH it wab Wairddnd TOrHE S c s bSHpuRRSAg. and
faxohkrap (Bovatasedip pravenhyater fesl anterag ingg fhemtaryQily +o

Heated nitrogen gas at a temperature of 150C was then passed
p?f-w%?gghtthg %eesﬂ c;%ﬁno er 3 %oer’éﬁ{b?/e &Ry A5 Fifaiding fa¥esofl pump:

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

remaining traces of methanol.

The mesh cylinder 13 was then placed inside a
furnace for 12 hours to further evaporate any remaining
solvent. The temperature of the furnace was in the range
of 60°C-100°C. Once the solvent was evaporated, the mesh
cylinder 13 was further calcined in a furnace at 300°C for

1 hour.

In this process, the affinity of methanol to CaCl,
enables a thorough penetration of CaCl, into the ACP
adsorbent material, thereby providing an improved
impregnation, Without being bound by theory, it is
thought that the overall reaction may be represented as

follows:

CaCl, (s) +2CH3OH(1; “ CaClg°2CH3OH(1)

Comparative Example
Another adsorbent material was prepared by

impregnating CaCl, salt into ACF using the process
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The mesh cylinder 13 was then placed inside a furnace for 12 hours to
further evaporate any remaining solvent. The temperature of the furnace
was in the range of 60C-100C. Once the solvent was evaporated, the

ylinder 13. fu alci in 3Q0C far, 1 hour.
e{ﬁiﬁg%%%e% #%%ﬁ%%y o ngért%ano to Ca%él%g%%géésog?hoggéhg' The
ppenetsstionest GabEL fnd iRl ACF sagsokBant heatéhsl, oreclsigmovithed in
Ea0dpRLved 25 impregnation WitheutbeiRg ROURK LY HPYnilerial was
thought that the overall reaction may be represented as follows: CaC12
ngd) perded(yidaeethber3bH(1) 30 Comparative Example Another
adsorbent material was prepared by impregnating CaC12 salt into ACF
using the process 19 equipment described above with reference to Fig 1.
SEHe GHoeE32 kA8 R bstantially similar to the one described in Example-1

with themaxceptieadhabipe Ak meieiial was creideeaied withmeiharol. Srere

SEM Observations SEM (Scanning Electron Microscope) studies were

URAGEEARS IO Wo SHMpRRTHR HRPaRbridrE naRRT e Rihidakerial in

whEetght ratie of cagiT ACkuias HIvti=a1, 42wid0 1@ sespeqtivelya ftgurEswt %
7a and 7b respectively show SEM hotog7raphs of the 35wt % and 45wt%
TeIRISRErCdamplest G S7a(lsh he' SowiG Rs by Show SEM

pREgBEieaioR: ofoF000rand v 7adl) shews dteB8swiCacampleRt asamples.

magnification of 10000, Fig. 7h(l) shows the 45wt % 15 sample ata _ .
e eonfion PO SF FaoTf SRARG LS = & RAGRLAdation of

1000 and Fig. 7a(II} shows the 35wt % sample at a
magnification of 10000. Fig. 7b{I} shows the 45wt %
sample at a magnification of 1006 and Fig. 7b(II) shows
the 45wt % 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.

SEM photographs were also taken for the sampiles
prepared in Example 1 and in the comparative example.
Figure 14a 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
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
material that is capable of adsorption of gasses such as

ammonia.
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the 45wt % 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 14a and 14b respectively show
SEM photographs of samples of adsorbent material prepared by Example
BReF YR TR coMpaftive ckanasid At edparEéAMoRR tie 25 images

that the adsorbent material of Example 1 shows enhanced impregnation

of CaCTEHE BoRp SR (A8 SIRrTTRAeHal 3t eFpaaReSystem 111
fommpheAcnesgiagly, thig enagneasiimpregnadiepef &aCldsall intghe tne
ACE fibgr as re%ulted ina highi{r adsorption capacity ACF 30 material

A&t g LapabIS B 33BorBlST bt GasRE WA SE dfimbH®. Sfove example.

TEymrighentahSyste expaynanein dsogplionstiata bigureSishows/an the ACF
ae(:%(dggj[_jm‘:e]r)éal axgas %ﬁgifn sy‘ggesmol af.org easurement of dynamic
Adsorption data of the- 5 actvated Carbon fiaterial prepared in the above

examplg..Th ggég_[] | rime ption data, of the ACF adsorption
material \?vaséo talr%ge Srﬁ%%é%égnérﬁqeﬁgﬁg sorsplﬁ%aﬁes@s%r% 1f°mp1%$ed a
vEsrasised k2 vbesuing 2 havingmbelmnithertiedein. A ggssnléndendutotuit

extends.igio th m nd to dsorptio linders
12%1]?6’1 s)r%own), gﬁch%@ﬁweﬁﬁe dse%%gr‘%%s% the%ﬁrp%g%%gﬁ?dger 1950 two

agEserbéd abovey bkpdempat theotwo abisorplion cyfividels asge  the same
despaelively 199am longapd B80T NG, AGF ASOIDIIRING Lo e,

prepared in the method described in Example 1 above was provi

SSRGS th@dto Bhsorption egiivierd Ite wwlinders 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 also
comprised a Resistance Temperature Dependent {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 intc the
vessel 112 and outlet wvelocity sensor 110 was also
provided on the outlet conduit 114 for measuring gas flow

velocity from the vessel 112.
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adsorption cylinders located in the vessel 112 were connected to a gas
outlet 114. The experimental adsorption system 111 also 20 comprised a
load cell 106 for measuring changes in weight of the vessel (and

therefg&%g&t&pn/dwm;@g of g 1@{@_%ﬂ§romt %gsorpg.i?%nséadegtively

cylinders). The eXperimental adsorption system 111 also compris
FREsddfce Pempbritre ImdpereediRTH)135 grdmomelat(102iduhde 114
fepterQfiihe vessel Jd2 fer igeording the temperature of the adsorbent. -
An inflow velocity sensor 108 was also provided on the inlet conduit 113 .
for meBREriRpGAL Adw PEBERIFR PE VIRBSERLE dfRFouliBt Vdlscitair was
ensgedlBwasalsa 39 pt@iédefil%tfkea%le&Eomuﬁfola%ff)%ggﬁasﬁ&m%ver .
as flow velocity from the vessel 112. 21 Butterfly valves (115,116) were
Epe RBN BlovidAFén fle inRTBAYEEL13-8Bnd Bhifet cORBEE1mgfor was

riegulasing gas dew 1Ehaspartiakpressairapbammenis gasindheidinyes o 25
changed by varying the flow rate of ammonia gas. However, the
VRadunt pﬁﬁia\ébgesfsﬂfe Pthe SkpERfMEfas maintained at less than
the uppre explosive imilof 2hovoluaedo inair tos safptynrassons, Teverter
fvolumetric flow rate was chanfged by %n inverter 10 frequency provided
ST 3 biower (n%{:gﬁrc}?%)dam? ascalCdiBishy HeaSurifR8%dly vabety was
csitfcthsheld obtheirdlswrdndyoutfla yelooig) seriseys HO8ANEELOhe 1p of
he pressure drop was sured by twq differential pressure gauges
t-lglei tﬁa@x En S %rptgz%?thg%g GeSel PRI SR mlioh %aﬁ&‘}tylm) .
P pressure drop was measured by two differential

' pressure gauges 117 that extend from the top of the

vessel 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
ammonia gas flow rate through inlet conduit 113.

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.

It can be seen from Fig. 9 that adsorption capacity
increases at higher flow velocity and at increasing

partial pressure of ammonia gas.

It has advantageously been found that when the ACF
adsorbent mateiial was able to adsorb 0.4 kg ammonia/kg
ACF adsorbent material at a temperature of 25°C and a
pressure of about 1 bar (101.3 kPa). Conversely, when a
sample of ACF adsorption material was not subjected 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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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 capacity (kg ammonia
gas packpaddarpant) aswsiumgtiort bepadialC psessunp oégnatidria gasethod
A ot s Mg i s RS
25 Iincreases at higher flow velocity and at increasing’ par ial pressure 0
thmnwsire 5aS Iphasapvadithyeodsly hee Afdlmaherihén the ACF
adsorbent material was able to adsorb 0.4 kg ammonia/kg ACF
adsorbéAtRgteril at BeHerBEFS SEESC HEap309resiientabont 1£1low

vBald Dt kha) «GrnvarsehrpesR sPTPIERIACH Adsoratiogyaaterial 11,
., was not subjected to CaCl2 impregnation, the ACF adsorption material

1 5dded BB K iRnotheRy ACERItaRdteinBraE dROkE shan 2
sagsessreznidbaut Fhan(1eb 3P} 22 Aecordingly, sl the. €8f&l2s  was
impregnation method disclosed above, it was possible to significantly
T EARATEE the R ofBHBAEABacs A b AGF fAfer A FRTE A0PSn6WA inder
wpeessise witopIBPendent emiiowehevelpsiiindhe aslsosptiorecylindes. e a
ngwse@temrljvl’ it was found t e%t Wheﬁia contactjng, time of more than 2 »
S8GHts BAT R AW ARI0dRY of WSEIRIN 0. /s Wit Sequirkd, tH@s  about
S ahmmunt lermtie of, the adsorption cylinder was about 300 mm, and the
minimum pressure head of a 10 blower providing gas through the inlet 113
Adias abbips0Bean of Hiater. Adsorption Heat (H) The measurements for

determining the adsorption
The measurements for determining the adsorption

isotherm were taken by using a thermogravimetical
apparatus (TG balance), in which the balance for weight
measuiement 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.
Mass Transfer Coefficient Keay

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

given by the following equation.

8dy / 8t - kpav (Q-Qu)

where g is the equilibrium concentration of the gas
and g. is the amount of gas adsorbed on the adsorption

material.

From the obtained experimental values of 8qg, / 8t and
(g~dgm) , the mass transfer coefficient was evaluated to be

in the range of 0.001 to 0.002 kg/s.
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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

ThsErtioR TrAac Rt 8 el eae il td 8 kJ/kg-ammonia. 20 Mass
Trangfegegffisienhikizav Aimass yansler coefficientyas qbtained fram «  on

the adsoré)qtion rate measurement data. Adsorption rate is given by the

SYSikRMngPdquatit® SEFEEER= kPay eI wheretdkake SduilpavAng a

s&pneantetionetire gasnand derls thesamowuiof g8s aslsarbeson heunted
adsorption material. From the obtained experimental values of Sqm / 8t

Ehetrtigm) e MedltanSRR ToERRIht WalavadRed 5 pa080 #Pgk are
thHangenk0.88kie;0.0028 kel 2adthelCash aspertation \ghigle Figuse Sthe

shows an embodiment of g gas transportation system 51. The system 51
M e S A TS Ravih0F cdle BD e LonhilersAccordingly ~nave
ad30a;30h@a0c,39d, 3aelemourtecy hriberedie TIROPetaldoptaieers material
d.(303,30b,(§00§0}9 30e fle the,same design as the metal cqntainer 30 of

]ﬁgc]: x5 he 3Fnetalﬁlc‘?’bm ainers (%Bgfﬁ%b,BOCBOd,SOe) accordingly have

adsofffition sylirtdsrs Bdvingethe BEFwetisdrbent ndtetal disnlosgckingas in

RS R A0 e S st io e oA e
itpofitofhpednduitsy284i288,22C,22C,22E) of the respective metal

contallﬂ%rsé%%%lgglg,g 09?9&,%%%695%}%5&?}{1 of the respective
metal containers (30a,30b,30c,30d, 30e) are connected to a
common outlet conduit in the form of flexible outlet hose
42, which is in fluid communication with the outlet 40.
The outlet 40 is connected to a flexible hose fitted with
a funnel shaped gas outlet (44) that is located at the
rear of the truck 52.

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 1is connected to a flexible hose 43
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
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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15 common outlet conduit in the form of flexible outlet hose 42, which is in

fluid communication with the outlet 40. The outlet 40 is connected to a

flexible hose fitted 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
tRaepediRka metd VohthREEE30a, B3R OB0BIge ) 30d codfifected ®o aenable

2Ren inket eandudde thefosm of lefnasszgedle Wi isiMA of the
communication with the gas inlet 38. The gas inlet 38 is connected to a

SRXIIE hoSY 388 MRY Wi alfBfRIchapsl JRineBbd hap ks I6hRed-Tuck

53 the rear of the truck 52. The truck 52 is also provided with a generator

(46) tg supply power during the adsorption and desorption cycles. The
truck %alé’%ﬁn@ltﬁ’e@s aﬁ’é%ﬁ?rc(%ﬁff‘o offdtice 4 Braftfide emetgntrol

sootaine 30 shasteunRpipulséa thespregsurepdthinthesnetat CoMaings thin
either adsorption.conditions ot desorption conditiQns. The truck 52 is
tﬁ%o %%E/%ﬂdc v?/ofﬁ%%lc%%{:roﬁsoys eirg?r‘i’otgﬁom}h? fﬁ%ﬁﬂﬁglliﬁﬁﬁ% JGedCE -
viperation of iy of @8 thdeetad sbntainkisy3Oas30b,30¢R8d,308)d0 38 is
orption or desorption of gas in use. Operation qf the control
C%?g%r%t%i% bgedioca%ed A the F(’:ggﬁ%‘%ef thgrt‘%ckpé)isfr? Wi?FEg gas under
PagFevinted that inzgde, the contrelogy stern of thkettuck} crelatas: it enters

orpti ondjti ithin t et ntajner Il s to . adsor
R s (0 R A OB AT RAEUh che
opdifriecte6 ¥é sngtisisutce ameigdassesiihe gdsundecitpmssnding mesh

Apraygihe coungR gas nlel 4} here ) gntefse e metal hignibers

0a, 30b,300,g%§,30e)throug the < © ers” (30a,
30b,30¢,30d,30e). Gas is adsorbed and thereby stored on
the ACF. This means that the truck 52 is capable of

transporting the stored gas to one or more locations.

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
conditions (that is a pressure at which desorption fron
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
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 ammonia storage system on vehicle

Table 1 shows an exemplary design specifications of
an ammonia storage system (gas or liquid 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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outer cylindrical mesh of the corresponding 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 to

be rel rdmRRE hRaSES AL ah& @B ftroller controls the pressure

of-the—gas-within-the-metal-container-30-to-desorption-20.conditions (that

is a pressure at which deséi&tﬁ“#%r@‘?ﬁ@% gccurs)?ﬂ%s%@éf@ﬂ%ﬁ?

gas desorbs from the ACH B dherely reports to the ¢onduits
(22A,22B22C,22D, 22E) of the respective metal

Ixomteiness(3Ga,30b,30¢,3(d,30e). ZEhestopnef gach corjduit 19 my o
C{Z%éhzer 22 h_zrgé:),ZZE) passes the 25 gas to the outlgt conduit 44.
,&ccor&naly, e vehicle cpn advantageously be used {o transport and

DY, SR e O o e fopale, D o 8™ min
storage s%/stem on vehicle| Table 1°'shows an exémplary design

FRESH CEaEss Eh OV all dliifigligppOtgdly SYaCHLas “%(b‘ﬁ“'gﬁ' TOREL

on a vehicle as described; above, tor a 4 m3 storage tgnk that has
asgaBReaT storing 2000 kg amenania,885%0f iy cappeiye@stTable 1

Design Specifications Liqyid Ammonia Gas discharge |Discharge

Diameter of 25.4 mm cp 10%nCdRehasESine Dischafgiirité 86omicirg by

min Max 50 m3 / min Flagh rde 1410 s34 mig as gas PR%.ehstosd +o

adsorber 20% vaporizatiof amount: of discharge due tp cooling by
expansion to atmosphere with

atmosphere accompany by
decrease of inner

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 / ACF 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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liquid: due to expansion to expansion to atmosphere with atmosphere
accompany by decrease of inner temperature and pressure Recpvery To
adsorber as gas To adsorber as gas 400kg/h & to 400kg/h container as

liquid 1600kg/h Table 2 shows exemplar{spe0|f|catlons of the 5

GRBERBRPIR1 deS&ibed BBBWEEARA FBR{ence to Fig 4a and Fig 4b. Table
Jcacl2 impregnated ACE-13

Weight ratio CaCl2 / ACF 40

Yoot AR oAb EaResg BPERG-ammanidORy ¥@sorbent One module

‘ shape Quterlinner diameter 700/100.mm_Heiaht 295 mm
%@Ehy%ﬂﬁjéﬁé Metal container (one 100-Kgp 28/@sgainer of

ﬂnp@a:raterhmdsorbent) Total Welght of azjsggbgnt 1000 kg Flow Velocity

atn 1 Q/I I/\I\I

e e ot T

Blower

Volume flow rate 5000 m*/hr
Power 23.8 kW
Fan static pressure 50 in wg

Ammonia Discharge Test Facility

Fig 11 shows a schematic flow diagram of an ammonia
discharge test facility 200. The testing facility
comprises three ammonia cylinders (142,144,146} that
store ammonia gas therein. The ammonia cylinders
(142,144,146) are respectively provided with outlet
conduits (162,163, 164) for the flow of gas therefrom.
The outlet conduits (162,163,164) are respectively
provided with Dbutterfly 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
ammonia c¢ylinders (142,144,146) are also provided with
respective pressure gauges (148,150,152) to measure the
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.

There is 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
the tank 160.
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Fan static pressure 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
(142.144978) at8 reBICNY @%ro%beﬁﬁﬁ?g‘mé{ cg]én&uits Gedrigssing  a
sty Ier the flomaefigas therefdm. Thefdutiet conduits-E52,163,kah) s ners

{gg@gq’!gglya;lcgip%% fﬁg"#g\;g ge{_:[fly valves (115:%&1 156,154 %%lé’llsy 1217 is

respectively regl AS Out of the ammdnia®e
idapuaganey.arhetsutiescemhig (B2, 163¢164) amxcanriectsddd ain this

LOOUB10 k60 Wh M RIS el (0% R0 38 netar

ly. v
L
The 15 ammonia cylinders (142,144,14%0) are also

qeBpecne pressaidigaligés (146350itsa) toaheasurettichcheaffeience to
sargssiye of anpmgnia, The ammonia cylinders reside on measuring
ba%ances (not shown) to determine the weight and therefore the release

of ammania-avey timgnef ihergisalsadyavideda starage 1ank 1698, ¢he
storing ammonja gas. The common outlet conduit 162 extends’into the

Igbahe TN 269 SHRe dfie Gk D) istiso prekrbsftradotharefore
nesnduinl 66 pewingiarhutterfiyhealvacibsifor segwiating the flowm 985 PUt 4re
f. 25 the tank 160. 27 There is provided an assembly 121' comprising a
a%ﬂr&le?r%irFBFﬁ\?evﬁwe?&F?%ﬁ?aiﬁ@‘g @R d 80kE3dt, 3699 The single
train embly 121'is | ical.to the assembly 121 above, exceptthatin
this 5a§§§en§l%§/?%ii%ecjf?]i]ts oty al¥hifTd B8 SHriBaPRoRikind trafpnduit
1738 deBosbedetiove Wwithridfeience 1@ extends from the assembly
121’ to a blower 170. In use the conduit 172 transports

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,
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 is also in fluid
communication with a centrifugal pump 178 via an outlet
conduit 188. The cooling water circuit is also provided
with an outlet conduit 180 that extends from the pump 178
into a chiller 180. Two thermometeres (184,186) are
provided on the «conduits (190,192) respectively to
measure the inlet and outlet temperatures of water

flowing into and out of the chiller 180.

There is also provided four thermometers T1,T2,T3

and T4 (not shown) at various positions in the metal
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Fig 4a and Fig 4b. In this ammonia discharge test facility 200, the metal

containers (30G,30H,30I) are isolated and therefore 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
coutie: torduit B2 exténds froretheassgmbiyh#21'temddewent 0. Infise the

a@gocgggﬂig 175 42pspqrts 15 the gas from the assembly 121' to the

blower 170. A watér cooling circuit is also provided in the assembly 121

for trangferring £ORlRY waler fo and from. t@l%%?'?%ﬁ%ﬁég 1 J:%‘}?éﬁflk{‘ 192

each of the operating metal containers (30F,30J) during testing. In Fig.
the Do RddufremnERd o Whesr clB@t hbanavifil eesheder 182,

Thnes; ydilethe angmgpia eandiit floyelings e shown witthsglid lines. o ver
The cooling water circuit is also in fluid communication with a centrifugal

EIOMHATS idEn dtfiet BB%corfdtditibBr Thd BBolingthater Ehetit idngser 1s

pRievitedwith: aim outlet senduit 1864t extengs frony theduap 348 et the
hiller 180. Two thermometeres (184,186) are provided on the condulits
fé@ﬁ,@??&sd&ti@é’ly?&%@ﬁﬁﬁ%}%@ intétland outlet temperatures of
water_30 flowingfinto anqz%it of the chiller 180. There is also_provided

four thermometars TLI2 S S Ahd Thol &) bebiToud pbSnbAgin which
athe mdtal 28 rohthinerSAuiol ceiaboring thetbmpetdive obtheer via a

adsorbent material. .The co I'ﬁgw r circuit also includes ¢ %ltﬁ%
RIAPEtendd from BT %?‘ﬁllei3 Oup Eea AR HEter Y s Ir? % %‘t dw are
ameterimedsires theowoumbcaftviatar with the blower 170.

Ammonia Discharge Test Results

Ammonia gas was released from the cylinders
{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 wvalve 168.
Ammonia gas was adsorbed onto the adsorbent material

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

Temperature readings of the thermometers
(184,186,71,T2,T3,T4) were recorded at various 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

assembly 1217,

Figure 12 shows the temperature profile of the
adsorbent material enclosed in the metal container 30A of
the temperature thermometers (T1,7T2,T3,T4) over time.
Figure 13 shows the weight profile of the ammonia

cylinders (142,144,146) over time.

Table 3 summarizes the total weight of ammonia

adsorbed onto the activated carbon material over time. Tt
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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 121'.

There are provided two water tanks (174,176) which 10 are in fluid
communication with each other via a connecting conduit 175. The water
“afkS eirach 78)ake Hdisdintriid dominubfcaliofovitanie hiceray Oadsorbed
whRBIONidRisegR JestResils AHE“QER%%%W%&&"—"%%&HH%V“ bm the
cylinders 15 (142,144,146) by opening the valves (158,156,154) an into
BUWBgEYAHIEF el Ambhe égsﬁﬂheﬁ%s%@d thaht essdmplytime.
(121" via conduit 166 and valve 168.. Ammonia gas was adsorbed onto

the adsorbent material provided it fRMfiethl containers (30F,30J). 20

indedl teeibtrmwneteds ¢kg4186 Th2H Lfdiweiers

pMelant.oline.ammonia

ua-timae- nainte.. Alea th C.
PUII LI 7T T U TG

laelv@\rxv‘/ere rCCBI :Uz uc:ng the \'A'Ieighi'i.z ‘g\nlnnr‘nc rlnqr‘rih . 4—160\/9 0]
. he am Hr]r?(g’a%monia releaped-tothe 25 asseml}%%if
w,%:kt kg:m o-temperature-profilelofthe adsorbent.material
endiosed’ Ae T eta& iner 30A of th%QQmBerature thermjohletefs

kg'1 T2 F2-T4)-evertime—~Figute-13-shows the.wei df the

onia—adsorbed-onte-the-activated.-carbhaon material over

A"

T2 T T4 OV S aie gt e—1+o-SHy
a%ﬁﬁ@?é\i 30 cyling e]rg (f42=,j144,146) 0 Him—é. Table 3 summafzés the

time. It 29 was found that in a total of 38.3 kg ammonia was adsorbed

which,Icé [respo dstal9% ofdischar%ed, ammonia from the am(rin,onii:ad 4
cylinders (122, 144 1248V duriflg theTESthgIhe. Pdbleta® Predicted an
experimental adsorption heat during the test. For

instance, for «cylinder 144, theoretically evaluated
average heat release was 14.4kW based on adsorption heat

of.1078 kJ/kg, release period of 10 min and weight of 8
kg:
Bkg =z 1078 kJ/ (10 min x 60 sec) = 14.4 kW

The experimental value of adsorption heat was
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 i18.0
value (kW)
Predicted wvalue!l 9.1 14.4 14.7
(kW)

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

storage and transport.
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5 Total adsorbed weight on adsorption mesh cylinders Cylinder 142 144
146 Initial 120.6 111.7 128.4 weight, 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 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: 8kg x #PPELEFREE-AREX 60 sec) = 14.4 KW The

experimenial vale - f Adporpion Q‘i@_tlwa%ﬂécpbt%igedz%)fy_:;!i}%ciated that
temperature difference between inlet and _outlet temperature of water

BRFAHG htRindi SR BF the R R BRaRGiplidE by ishsly EeTabless ACF,

thempairesmafpredisiedandpranwDial adsapliorkeal AMBWYER during
linder 1.2 3 Experimental 12.8 12.8 18.0_value (kW) Predicted value
% 1535027 PRA 2B RNASBech®noniitded RARB Test R asEMowRaCl2

impHepieat that neastef thenheas ot adsiptionwas regred bydigeratures
n(‘)Cg)lin water. The test cgglfirmed that the assembly 1211 disclosed |
|

Hifcink SHET5F mnihA! 25%torg AN HaREhGY, Feduce  risk  of

explosion or fire by the methanol.

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

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.

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 30 and is
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30 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 CaCl2 impregnation step. This

eans that the CaC12 jmpregnation step can be conducted at higher
TERPEERG R s PR preds et uittes Sighifithhy redck sk of capmesit the
arfies by the methanol. 10 An advantage of the disclosed embodiments is
a simqu methqd that F)érovi e imO%roved impregnation of the salts and
scalability - large-Stalksiplications X h6tfe FRfptorpsderials that
evehuimentsof thet distiossd erahedifrenisis thedigh adsopie’ of the

ity of 15 the material..The,ACF, adsorbent posses syperior
tg%%%(r&p%%%tc% acity é?r?ds \?vg?l-ét%ﬂity.al%%vaed’sorb% Bifatetdl caft be 238H ©f
afapetiénd varus fdmiss Farthexampimtheamiaterial caga beeasiiyvisedibly,
ce ion calls. (fig.2). The material provides higher 20 . .

%%ﬁ%%%are%% er%it véﬁrér?%ggt %8Islorptﬁ)allﬂpcﬁ%lg€§’se.ft ha§ rpriéﬁéﬁlltate
FEPIB LA Th e deatmemtdfothepastivatesl.carbon material with a
polar grganieselyent prowvi ' d impregnation. of activated ... .
carbo?rgna%lefrila% ) %65%& gﬁ%&%%?é@e%ﬁ%&d ti%%[th%ud?sc?ggle%rerﬁlggdi r%aé% stlons
Prdheas@svipEimatend chhde reebiadsomidd gases oltécthanto the

ﬂ%@@ﬂia’sﬁ@fl@ihyq.@g%ﬁulf@ftsugfegiox@%’é@?oq%gegﬁhlor. S¥eqoing

chlorine, nitrogen oxide such as NOx, etc. 30 The d embodiments
HriRd ad¥sd el fatiHal drpant tngscfuimdEate sidmatvedigicope of

YHESIHPHRS SlRrageof ammApia, ACGOINOY, 118 adsoRet qa: £ications
and adaptations come within the scope of the appended

claims.
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material may be used in the metal container 30 and is 31 therefore
particularly useful when used to transport the ammonia gas. There is a
need to provide adsorbent materials that overcome or at least ameliorate
one or more of the 5 disadvantages described above. There is a need of
adsorbent materials that can adsatlagases reversibly, posses higher
adsorption capacities and facilitate adsorption and de-sorption process. It
will be apparent that various other modifications 10 and adaptations of
1 .the inventiopanilt besobsiotisdodhe rpersam skilledin-thesairtafteraeadinging
n t@géoregoing i%% sure without dgggrting%from the%airitban%scopie Qf a1
Fhé ifvention. 1t 1§ inténded that allstich odiffcations “and At apta ions™ =
t'come withintthe scoperdfdhe appendeds 15 clams: 32 Claims: 1aAnivated
--2pparatus fogstogiggéluggi% m rissigg:ta hggﬁing having a chamber for
enc?osing adsorbent material t erein, the adsorbent material comprising
an activated carbon impregnated with a salt; and at least one conduit
- «xeoding throuah.hefosing anch inta ghe shamber forlrangfer, of fluid 19,4
and from the chamber. 2. An apparatus accordingto claim 1 wherein‘the
Lrebsorbent matstztis iade inzemetlfod compiisingdhe steprof exposing-he
1 @ctivated carbon material to a polar organic solvent before
impregnating the activated carbon material with a salt. 3. An apparatus
for storing fluid comprising: a housing

2. An apparatus according to claim 1 wherein the
absorbent material 1s made 1in a method comprising the
step of exposing an activated carbon material to a polar
organic solvent before impregnating the activated carbon

material with a salt.

3. An apparatus for storing fluid comprising: a housing

having a chamber for locating a fluid adsorbent material

i

therein; at least one conduit extending through the

-

housing and intc the chamber for transfer of fluid to and
from the chamber; and a heat exchanger for driving
adsorption of fluid onte the fluid adscrbent material or
for driving desorption of fluid from the fluid adsorbent

material, or both.

4, A wvehicle for transporting fluid comprising: a
housing having a chamber for locating a fluid adsorbent
material therein; and at least one conduit extending
through the housing and into the chamber for transfer of

fluld to the chamber or from the chamber, or both.

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

is a self-propelled vehicle.
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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 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. 4. A vehicle

for transporting fluid comprising: a_housing having a chamber for locating
5 a fluif ad<otbERE mafsiaf thetdin:tehd &t #dst dne condit bxighding heat

e toughdhe housing and.into 1he chamber fop transfer of fluidfothe, 154
chamber or from the chamber, or both. 5. A vehicle according to claim 4,
2Giiferein the Jetitie’ 'a sef-propélied veRicls 336 SANehicte aceérdinguid
 to-elaime4, £OMPrising: aheat exehangarsfor drving 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 to claim 6,
7 whergin thenheat= exghangeriisdocated withintheshousing8.: A vehiele ezt

according to claim 4, comprising.a fluid_pump for moving fluid to and from
e %ng%be?.%.%géﬁi% e <'§1“’c‘crgrr£‘J iRg t5 ElaiR & Wherein the fluid pump

comprises a blower for moving gas to and from the chamber. 34
8. A vehicle according to claim 4, comprising a fluid

pump for moving fluid to and from the chamber.
9. A vehicle acceording to claim 8, wherein the fluid

pump comprises a blower for moving gas te and from the

chamber.
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