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A METHOD OF PRODUCI NG A MATERI AL FOR ADSORPTI ON OF
FLU DS Techni cal Field The present invention generally
WO edoatiad13 o an adsorption nmaterial for adsorbi PQI/BGRI08000172
The present invention also relates to an apparatus
conprising the adsorption material and to a vehicle
for transporting fluids . Background Anmonia is w dely
A METHGD OFr PRODUCENGah MATERIANL FOR PDSORPITON ABNELULIDS
is a corrosive and very reactive gas that is toxic to
humans in sufficient quantities. Therefore, in many

i ndustrial processesgabhnhid&ahMpekhant to renove
amoni a fromthe process or exhaust stream Anmonia is

comfbre y gt©$eutasiaVth@ghexggﬂgr@hhﬁr meghtes to an
pressure. Thi.s regl uires the, us pressure v, e
ac\ﬁl‘?r g eirbae%sﬁjvae 1% s aﬁlsorekf)ol%% Ffllury daﬁég oéresent

inv@ensiire aneeni aedhtBEghtpr essubepakecaysecobmptriieing the

pressure vessels fails (i.e. due tqg cracks fornmed in
adspe P& facBaserimd vasdel§O, & ygbdeAer efeisetpinsporting
£14 ia to the atnosphere nmay result. A sudden rel ease

of anmoni a gas may be expl osive. Furthernore, the

rel ease of a large quantity of amonia gas to the

at nosphere coul d be to§%c to hu ns and ot her ani mal s.

It will be appreciated §1 |gh pressure storage

of ammRMid i Sif PRLdeTy aﬁs@aobb@m whenrdvhe @@l for
gas needs to be transported fromone locale to

chgméciedr . PNPCRIIGhat iIABIQIBLEt oS N arfRRT @S HYS hi yrd  very
rel %3%%!6%68 that 1s 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 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
may be explosive. Furthermore, the release of a large
gquantity 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 an adsorbent material. However,

the capacity of known absorbent material has been quite
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IS to store amoni a on an adsorbent material. However,

the capacity of known absorbent naterial has been
w@iobeswaws particularly at anbi ent tenperat ur eBCESE2005/000172

pressure. To overcone this problem it is known to

sor r S i.ng .extre condi_tions.(such
l%s’r@?é??@%ﬁ%ﬁﬁ@ﬁ %?eégﬁFé%“ﬁnéengf?eHﬁSFafﬂFﬁsfngsure'
Td Nereasonde 3oy ageobdpeasi t ytof i anmemddn oncd hesdsorb  and
adsorbent material. There is a need tao provide ,
de#REP hEAT M LT aPSHERIE RRATHNECRF dEUchasis relatively

hPgR! iFd 008 AUndoreof dhe disaduant ages deseldhed he
above. There is a need to provide adsorbent naterials
stherge arrpacory gasemmpaier shbltpeundsionbeindt madlgrial.

nodef.at e tenperatures,and _pressures and yet posses
rela.?%%?ylﬁijhrgﬁggr%?igﬁggéégdﬁ:.Oﬁhﬁﬁga?gtﬁféﬁlﬁ that
oveetoh® MWoVide adsarberimdmmiafdtad s dmt ranmdsor b  the
sol uti ons such as aqueous ammoni a sol ution. Summary
dipedraimoed deprrsPedspkeve-there is provided a

met gggeﬂ; ;Fo%uqégﬁae aaoflg%ewaet A tcxﬁgegkf?s?é that

ads I ng uid, t net hod conprising the step o
cax pesiguylan gactd sy atredegaripdly maneeiral redagipellygr moderate

organi ¢ sol vent. before i npregnating the actiyated .
O AT RAF BEERSHTER PrCANh 9T T8 HeLatoRaly high
a@gﬁgﬁ%ioﬁrﬁgghbﬁt?[ovided a met hod of producing an
adsorbent material capable of adsorbing fluid, the

met HOtEEopPi Sil8Q tthenge@psooProvdeeqrbstgenin materials
tvz‘%;' valgd %@%%%l ”Bécff%@%%ﬁ’i asfanar a%rggﬁ(]%&eggévegéﬁnonia

renovi ng at | eas on of thé polar organ
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 aqueous solution; and

(d) removing the aqueous solution from the activated

carbon material.
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solvent fromthe activated carbon material; (c)
introducing a salt to the activated carbon material in
wo b@opsmEsence of an aqueous sol ution; and (d) PENBGR00§000172

t he aqueous solution fromthe activated carbon
mat eri al . The method may further conprise the step of
calcinating the adsorbent material. According to a

t hi mg,aspgstnolinen@y s phovhded pmpdsydenthant el of

made in a method according to the first aspect or the
caélécmﬁgllagé?d”te. oty naterialrth aspect, there is

provi ded t.he u . ads material pade.jn.

nmet \r%ocqc og:c(%lc?}%i gg ?‘{) ?ﬂéga i ?gs%?@aés%'ec:tﬁgf %t hi(;@sg)gjc?n&%ed an
adaspesint f aataddarnptinadeofia fd uintthdetorndicogdimga to the

fifth aspect, there is provi ded an apparatus for

figtdr iafP It dSHprigsiy @Redsi ng havi ng a chanber

for nc sy @gsar kent-tmtLsdadt L hepgks, ikhgrovided the
adsorbent naterial conprising an activated carbon
udapeegnat edissinderd sapterand madecabt anaeddiegli according

ext.endipLn hr ough.t he usi n ng i he .
e HR T EITBF FREEAT O Tard 1 erEHG ERRaSSr . Tk gRacotBEion
of__eIHJQ‘ﬂLidﬁﬁﬂt of the fifth aspect, the adsorbent nmateri al

iIs made in a nmethod according to the first, aspect or

t he Aol pket .2 AEAEERI PR sithekCashecProvRers an

apes QY %&&%%ﬁ&mo@mmgﬂuidcomorisi ng:

ousing having a © or locating a fluid
adsar beotisimy ehiaalinchea eichaméte rl efist enelosndy tadsorbent
m;?gfﬁgi n%hggggﬁgh %QS rgéggggknt 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 is 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 througthhe 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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and into the chanber for transfer of fluid to and from
the chanber; and a heat exchanger for driving

waeowenptiidn of fluid onto the fluid adsorbent PEL/&G2085/000172
or for driving desorption of fluid fron1the fluid

adsof b ?KH §r|QV1n thghaﬁﬁggrd oé%segfpfh fluid

aspect e 1S provided a ve |cIe ransp
adsaridsnt theteehat| eheoapni sang: a hou5|ng havi ng a

chanber for | ocatin fluid adsorbent materia
therB niCATE ANT eHOPABHE COHARRAL Rkt ERAPHEN Hriughousing

ahdiei BoyStAE BAdmbBLO rbhe tehanhery Tor £1.ansf € hef LHLfber

“to the chamber or fromthe chanber, or both. In one
ornbodnnene efambersegenbhthspect, the vehicle is a

SeveRbr OB LeRPoUEHER P o BB ST el | Senicte

is e aseef-hodopetdedi nghioléhe first aspect or the
second aspect. Definitions The follow ng words and

t er me? uSBE ﬁﬂgﬁq+@ﬁﬂﬁIOﬁa$@%ﬂﬁ?Y@%ﬁﬁn@spﬁﬁﬁeaﬂéha fluid
adfer & hbklirda1i S d Ondge &heraorﬁéeﬁo@f gadby ng]tl(ﬂgrde&?rthe

to both a gas phase fluid and a I1quid phase

Tt taspechcer vilhedsearhdnaspscto be interpreted
broadly to include any carbon material that is capable
of adsorption of fluid. Unless specified otherw se,
the terns "conprising" pafdnitadRs se", and grannatica
vari ants thereof, are intended to represent "open” or

"i nciIRBS| izell%h@@aij@reacﬁn@lhaerfrﬁeylsqqﬂemm@:rrmh@bl have
tiftl GIBRH Sh UM SO Ogr M t

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 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 1include 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,

o\

typically means +/- 5 of the stated value, more
typically +/- 4% of the stated value, more typically +/-
3% of the stated wvalue, 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
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i nclusion of additional, unrecited el enents. As used

herein, the term"about", in the context of
w@omveasititat i ons of conponents of the fornul atiPEESG2005/000172

typically nmeans +/- 5% of the stated value, nore

typically +/ - 4% of the,stated val ye, nore,typica
end® et denetinfiot vatte oare (DRATI 1o MneBs)Y, for
cdibfesied ¥RhuBre®YeR ABHE shypiicahlot He N rid@ as an
stated val ue, and even nore typically +/- 0.5% of the

inflexiblal ykinibablghoudnt Hike disedRRuref ceheaj dlsclosed

i discl ks a f
- SR, - ATHGRS, RS QRRLeBtotanee d M, Lfousd be
cdsimdred nmeoel yhdoe copeeiifeoedlgnd disvidtyednd all the
shoul d not be construed as inflexible Jimtati on on
PQ?ﬁQQ%%peSB?—¥ﬂ%98FSCPése&eigngéﬁ /&Réﬁ%ﬁ#ﬁﬁ@, pyyperical
v&BESES | PEERMN Of L&t F a8geShoul d be considered to have

specifically disclosed all the possible sub-ranges as
wel | as individual numerical values within that range.

Det ai | ed Di;sgl.o ] r
produci ng ge%%%%eﬁis%?%#%%ﬁ%%ﬁ%%%?
pebsss 9sedlr heredinct slrakasatisoabert hadtetiadki ng an
adsorbent material ., The nmethod may provi de inproved
i npRBgREPPEATEN ts disclafed heFsit c*fﬂ%rtet%cﬁ%,avﬁl%w(hd of
méxbﬁ@d%q{ bepts Y& akna A48 h0 t heegageRASAr PhLYN provide
capacity of the produced adsorbent material, the
imget droed mayppreghniage dmenef i selitn swad abhl ingrtofcuher CaCly,

rocess to l.arge-scale | icatl Th tivat ed
L onC Rt BPPSTORR) B et e 15 ohPt RESgrbitp Sasorption
cHPASi Sy BE the@aﬁb@ﬂu@éanldc%rbé&ftbofﬁafébﬁéﬁ, aafbofet hod

nano-fiber, graphite naterial, carbon matrix,
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 1s <chloride. In yet another
embodiment, the salt is calcium chloride (CaCly). Other
exemplary salts may be barium chloride, nickel chloride,
magnesium chloride, cobalt chloride and strontium

chloride, bromide fluoride and calcium iodide.
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- 3Pt d

car bon powder and carbon felt . The salt may be a

nmetal halide salt. The netal may be selected fromthe
w@emap3aonsi sting of group I A netals, group H BCTBRGZI05000172

and group VIl netals of the Periodic Table of

el enent s, d m xtures therepof. The halide may be,

sel €t eedsf”‘i1 mihe G%up cd +dt ity 6f ??ﬁ%ri%ﬁéutlon' The
w@%d%, ol o5iderciadide any shxbyhesnt ReIEohatbPifNemay

enbo

iment, the nmetal is calcium In another
benbedprERE et diialerargenpdr igd@unsh g@shgfoimer of about

1%“’0%‘@ %uﬁtﬁﬁ%,sa'a Jut Cé‘tg%i ywm chl Qid degeCacha), 30% to
her exenplary Salts may be barium chlori de, nicke
alsthor ixdes; magonesi udEhitar i deputob@%; chlogr i de atlsbut 40%;

strontjumchloride, hromde fluoride and calcium
. Lb¥nESss Pu?ra?oﬁe_ ERe3th b %O;%W%&ﬁﬁ-ﬁ%%ﬁéary
widehight faofosalds I elatd Meadioearion die t hgvatien ahay  be
may be selected fromthe range of groups consisting
sofeabedt f1ow tthabagurow0yd 0aBBut 20%Q.0 2beidb,5094: 70 and

bout % to abou %. . t._40%.t.0 about ,50%. 10% t
35080 106 ‘St ovelh Baobra Rt oty 1 6 o bbb by
adP¥st Bxgnphar ymeught ofatda0s dfntsadduceadrbonai §ivreg weight

material may be selected fromthe group 10: 90, 20: 80,
obseyrponFheRhdLl 35: 65. The desired salt: carbon ratio

may 1 &, 00t 3l psd; Dyn gdi, U £ @MBYNt: 1Y fﬁ%é tor th
i ntroduced t% a algvréﬁ %/\//ei ght of car bog mat eri a .nlct)r at
thasisurpdusinghy dfeesalound mantbre | ivebher priwastertdwe of a

i ntroduct i f salt . to carbon_in th f .
PO G, CofgaC: SOTVERE WHTL | d5ACY 0" anSRNERe s orFOFBHLon
albiitiéesoof thhe canhan naterial. Witkheuwt: being besmda by

by theot%/r;a_it is thought that the _polar organic
thepyent 1rayjsaddiodiaht Hehat| EhenPodpreigamis t elvent may

a§§}é¥31§§u§aggﬁ€ in impregnating 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 alcohols 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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material . The polar organic solvent may be a | ow

carbon pol ar organic solvent. The polar organic
waeioeasitiidzray have from1l to 6 carbon atons, 2 POI/8G2005/000172

carbon atons, 2 to 4 carbon atons or froml to 4

Caf&%ﬂ5ﬂéﬂﬁhbé&&88§te”938'%%%%nééraﬁéwégféQQdeﬁk ﬁ the

organi ¢ solvent Ts seéfectéed fromthe group cOonsisiing

godupl cohsi stirgherfs acaltdelyy,des;okaianes lantaganboxybi d so-
cids. In one enbodinent, the al cohols are sel ected

Pyt RRe group consisting of nethanol, ethanol,

Pr oparolac i ANl éBQbBﬁX%@@erﬂél(m@yeﬁgoﬁéﬁﬂgedtag the

ethers are selected fromthe group consisting o
pPeligvet ayvabifesolatmi afet Ay teapkgatudicetdgdeetddr from the
I .et her -a propyl ether. | e 0
g%%%%df%é%ﬁ¥%fﬁépa§%eﬁg)ggpagg}éﬁe ggpgd ?%ﬂ1tﬁBO§Fo&g)c’
almansi 36fmg abohiar mel’de e, albcet alddbydan one embodiment

ropanal dehyde, butyral dehyde, iso-butyral dehyde. In
TﬂgheaéﬁBS@Fﬁﬁht?aFHQHkéF%%%§l }e ise| g¥PEASr ORPt ide polar

o B CONSshi NG tofaRCeh9NEnt pE@B@@Qﬁ%U_I‘QUtJﬁJH%eS’Pdabout

i sobut anone. Jhe activated carbon materi al
lexpossdebuo 3Gi€ pol ar organi c solvent at a tenperature

! d, f,r.om.th i st f t 200C
abotl =o56¢ Vst 23088 Rafsi 980ty “HRorRAiSe ariy the

pallonit 04588 ic | Bodienemhodi &enﬂbrébgua@t | Yol €6l EQr FABdm  the
material is exposed to the polar organic solvent at an
ILRHR NS EHpERat 0f e2Palge OoP BBsUttol@RB abdUPaBO0e- 8 bar

tolNEAGE ! ¥al e LA bony MBLer il I De eXBASCRAAW I o par

pol ar organi c solvent at a pressure sel ecte romthe
tagr atpudondi. 3t i ngn oforadowimdh G nlzart t ah@bouttd vhaed Oc8rbon
ma%é%r’t aggmegpc’)sg o%to Otkglebagoltaor ag?cgtan%c’ ggijvgr?’gmat a
pressure of about 1 bar.

In one embodiment, the activated carbon material is
exposed to the polar organic solvent at a temperature
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%, about ZOOC 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.



10

15

20

25

30

to about 1.1. In one enbodi nent the activated carbon
material is exposed to the polar organic solvent at a
w@em@s4asmes of about 1 bar. In one enbodi ment, tPEI/SG2005/000172
activated carbon material is exposed to the polar
or ggni c Y : enpegat u l e .r.om_t .
gRl Coel VeRboAl n@nke %%ocbglg? S%”Sgag& | Sgggfl?{lt is

group consi sting of about to abou

raB®Gd obubevepSEACingabtht 46DGhbD ahdutf Gy phesing a

150C,t o_about 300C , about 200C to about 300C . In one
Pl Hent N age | pIEEa g %‘i%’h ahsi ahiosel:  The
etdpdier N6 ainaGl 0BBI eSOt V&Nt c’f: agbi ent tEaPReAME range
and pressure. It is a particular advarat age of tohe .
stiadrehtQn @ hgrovRe CPREE6§ARLI 0F SO0 Eh&osdX0°Cat 60°C to
acg hopat on gEteri Al b d aken at 1 ow
1%%eréa(%q§?e§gar??ogr’essurestgs8{6§i¥é %adjar:gucé%tﬁé fn one
engostignerstsoci dhed wvhppratilchi onsof theradsor b@@td at a
mat eri.al . The pol ar _organi c solvenpt may be renove
YIRS AHE St v‘g}P%drEBEgo%on&toe_r]i% Chy T%‘ﬁe bRt 99 used
fdeadt #ng desieC Rt Ofh t & aBAEBbhOMha t&dliHINaRL PN e apy gas
drying, drying under vacuum or drying using heate
thyds. 4% oA@c&¥bodionehbhe t helpsl aproagani cseblesht i $n  one
%@ o vaporatl ng. the solvent and further passing
engo e\zgrﬁegldpétgl% aggauscr:%éagglr#]f?%%%h, through the material.
TheTkeapakaiciows mayobetLanri edyoutbeat aehetpar atfiidn the

ran selected froma group consisting of 500C to _
acfdo%%%d 666EPCH 10868 L1abo0key t @TOOCE, BOOE tofgoventing,

deBARC A of00C ovd b LRE; SAbodLaRAL 1oL BE L evapQrat] PN i 9. ;
carriaed Oout a?va&t) errp%er atur ean ?ﬁe rgnge%%réat c?oloo (Al
undefhe Wreetwe gasrusedyfiog druding t heeaicéd vatyed .caron one
terial be an as that is.inert to the polar ,
em(rk;r)?)gdg‘ﬁnleéltso rent T H- n%olﬁeﬂgb‘a?néﬁt TeReVgSs B evaporation
folillwe@eby 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
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°C to about 500°C, about 150°C to about 450°C,
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°C, particularly where a hydrous salt is
used such as CaCl,-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 (S),
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The aqueous solution may be renmoved fromthe activated
carbon material by one or nore of heating,

wae®sasrtld on, evaporation, calcination, dryingPCU8g2008000172
under vacuum or drying using heated gas. In one

enbodlnent t he agueous solution_is renoved
hydrganmat (8 - f Frovetr ey ($ddsi ndl Hoﬁéaﬁed(@a’s REERGh

ar{({]ec@%Hﬁgﬁzggn%arQ%‘ré@fer B . ohBe e} ethdds, m?*)ﬁebefluld

any gas that is inert to the activated carbon’
mawat dra ala basoneeérbbddnefiromhetheat gdoyps ¢gnsisting of
nitro The net hod further. involy caIC| ation
AT ALRIER o SPBAREREL P AF T AP et AT | oo Ty T SO
hfd@Fddad eHloatda, t enperand, e 5ol esded brofeasgickles NOx,

conS|st|n of about 1000C to about 500 0C , about 150
foma , 4BobeEr  hysdqcardooe aod apdaturssothe gt In

a&g&{&lég%bé@ﬁyé o000k cobeut 122096t aRALKIA00 BC

C to about 25 and about 1500C to about
2000C . In one enbodinent, calcination is carried out

Vgt,agou% 308 OC;TFIn anotger enbodi nent, cal ci nati on
50C, particularly where a

hydroug: selésés éﬁBQd§M§ﬂta§l§@Or%lﬁt%% tolhe $émidle for
adsorption material prepared according to the

tchneposehget ot day e apedrtche ade@phisgSa & uhgusing

contalnl ec

hPHEI D) BAARETS % Sl AQTh! B UR SR | PO8ki a1
tﬁé&éﬂmneA(GdhduﬂHmet@mdéFﬁhxdm@MxﬂhéCmousanq and into

conbi nations thereof. In one enbodi ment, the fl

thi RS dtied FTOMANG. oo bupt CBS! skongiaf TEom ) the

clﬁé}g@& 2, Tdr @9eRaS U dddBrest! it OXi HLS 3R B SPh  the
rogen chloride, chlorine, nitrogen oxide such as

th@a,ncj onagl dehyatey pbbarbeydr ceraivie and mdaqme@g fluid
‘% %?; lgnfgoéggroeng%%bgggtlfiHiJ|lﬁhe veh é&%chay be

a self-propelled vehicle 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
fluid 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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Vehicle for Fluid Transport A disclosed enbodi nent

also relates to a vehicle for transporting fluids. The
waelbabm|i1xzonpri ses a housi ng having a chanber POF/SG2005/000172

| ocating a fluid adsorbent material therein. A conduit

n u using and into the chanber for

abgiele ob 28 shechs nd fromthe chanber. The fluid
adsorbenrinatdtear | ambpddwieted | hhehe humsmd@cnaﬁlbelaeﬁd a

abggrbent capabl e of adsorblnﬁ flLuid su as, a ni a
SR ASPPAARA LS THEOURN O By BEUPLAE Raving a

c@éﬁﬂieﬁf eoel hedavrehicle suelidagsdackbeek HatAfACt Bherein.
I n other enbodi nents, the vehicle may be a trolley or

The t reiyssing hal 50 ﬁﬁ@peﬁﬁedl@?sﬁnoph@r gendeit. gheending

vehi ¢l e y .S e for driv
e LG PoRBY nERIRELS Gl M50 YO RHERRLEL bl ilherer of
fImldotodBnﬂIﬁkm@sbh@tbhamb%rﬂlﬂﬂﬁfaoﬁebhedﬂdhahger for
adsorbent materjal, or The heat exchan

b
A pER%d AHSHRHE ke r?abs.f ldThQW@hl the nﬁa%,uggﬂp%?%%rﬁent
md # &4 0o PuRgy: f ep Moy ngsfLui &eé&rﬁ@@ﬁoﬁ rop t e Ghpnbebn  the

The fluid punp may conprise a blower for noving gas to
flandd fadswrihenthaaberiaTheovebhiothe e dmgir isechkanger may

| urali of h er he chanmber s .of, sai d
b%l%r%?? l%feﬁgﬁgﬁjﬁgg l\ﬂg c%} &S e ng%%khatflﬂ?% outer
seofardi 6at itbr Wdrtteiac hmay hee. Erulcloxst@éageiénpm Usluid

I n anot her enbodi nent, there is also disclosed a fluid

adgQrheyet dppeehias EBnBFPsi APCa CROGSLYg MRay iy 1 the form
fh%ﬂbaﬁsémaﬁﬁc%wg R f%ﬂﬁ%agamé’?mtr{@t el m of the

therern. The housi'ng als as at | east one con
haxtiengi nbn thseughov hedhdlisiidgmaryd hmmd\hei@mrbethé Ooneat

" :
e%g&?q?i%eg][er’g; o%!fgxlrg Egeag sE?sB tolljleo%h%qjo d onnt:d Qc ea%luld
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.

10
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driving adsorption of fluid onto the fluid adsorbent
material or for driving desorption of fluid fromthe

w0 basd3@Easor bent material, or both. The heat erChaGLo5/000172

may be a conduit extending into the housing so that

t he er su{ fage e t

Mﬁthﬁ?%e Efu{% gﬁsg%%éﬁtSﬁ%?%??élnﬁﬁfﬁgeb@T%gpcgggafptlon
cydin@eri gponheifhbnem bheamgisbc cyddnaey .be provi ded at

the bottom of the housing. In use, cooled fluid my be

provFied Be tike debbpexdangel &ocdpiliegt ke ddsbopated in

of fluid opto the,fluid ad orbe t material. Heated
t??u?ﬁsﬂﬁgté?%ocﬁglﬂg8§|82d td-t He heat exchanger to

drive, the desarption of fluid fromthe f|UId .adsor bent

mat ¥+4t . Wi &f° DEscFPEi OBt eY Drhwiths feeling disk of

Fg&poyganylng drawings illustrate disclosed enbodi nents

and serve to explain the principles of the disclosed

enb NS [ , ~RO h

draafﬁgg gréj%e3|éﬁé%mggﬁg?%gﬁ%%rpos%Po?eyﬁ%ﬁ%%rg%n%ggner
campyisimgd rot pasiraldefyi nbfi othef ddwddtiidrs efyltihelers of

jnvention. Fig. 1 is a process flow diagramof a

Pfocess for preparing an adsorbent material according

to a disclosed enbodinent. Fig, 2 is a_cross-sectiona

viewtd- a ﬁ%shl%yl?nd%¥°ﬁ§eﬁe?51€%ﬁ%alﬁr%ﬂgorﬁéﬁw of an

material therein.Fig. 3 is a cross-sectional view of
asgenlbyr gomer igjnonder wontalkingofheneissh cophitedeers as

Fig. 3ais atop viewof a cooling disk |ocated in the
degolisottqd | om Eydi ader of Fig. 3 . Fig. 3b is a side view

of the cooling disk of Fig. 3a.

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

Fig. 5 1is a schematic diagram of a vehicle for
transporting gas comprising a plurality of the metal

containers of Fig 4.

Fig. 6 1s 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

o

adsorption material comprising 45 wt % of CaCl, at a

magnification of 1000.

Fig. 7a(II) is a SEM photograph of a sample of an

o\®

adsorption material comprising 45 wt of CaCl, at a

magnification of 10000.

11
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Fig. 4 is a schematic diagramof a netal container
conprising a plurality of the adsorption cylinders of
wWoe@s/1M113 Fig. 4a is a cross-sectional front vPEWSGI005M00172
assenbly conprising a plurality of nmetal containers as
depigigd B ()9 As. aFi SEMARHT JPRPH eWrofa tB8mple of
asserrbfy of Fig 4a. Fig. SI?Ji s a scr%{rmti c adi agrlrn meofoa an
Jehigl e,f or, or t.i is'_g%alrl of
R e R B T g, utP P BRG] &

di am.of an_gex imental systemthat was used to
maogel}aigélrﬁ;%%l%rﬁ/n%ﬁi jc)&?:\d%lSOr ption nmeasurenment data. Fig. 7a

(1) is a ot.ograph _of a sanple of an adsorption
mat €7 ?g%gysﬁ% A5 S5 oplptedrpphaoty @ sample of an
magni fication of 1000. Fig. 7a (Il) is a SEM
a Bt AIph et e igdnpemprigangds 8P ptwon %mapéri @Cl, at a
conprising 45 wt % of Call 2 at a magnification of
malI 000 .oy bof 130080 a SEM phot ogr aph of a sanpl e of
an adsorption material conprising 35 wt % of CaC 2 at
a mugy fiTatiien of $800. phbgogtlphl | bfi Saa SEMple of an
hot ogr aph of a sanple of an adsorption materi al
aoﬁ%’rﬂ?‘ilsqrhg med St aoh oPrererecht 28GPEGHI cAPi of oflisclosed

et PGherft Q;O}rlg#ﬁs%r;%\ggp@%ogfaégcgf a sanpl e of an

adsor ption eri prepared accor ‘?'ng to a disclosed

crbqlyen s ) RSS2 P Tiipes SV

photo ph of "a sanplé o pt I on
I p
adgg?ﬂ%f%g“’éﬁ%gﬁfgff gg%%%igggg 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
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

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.

12
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prepared according to disclosed enbodinent. Fig. 8 is
a graph showi ng tenperature and wei ght data at

w@b@egsngd partial pressures of ammoni a over tiPEI/BG2005@00172
adsorber of Fig. 6 . Fig. 9 is a graph show ng

adsqr.pti capacit g_ammoni a_gas .per_ Kk bsor pent .
as a %ng’tn% ot %]\éﬂ%aﬁgﬁ}”éggufag r&l%ﬁﬁ%%%ega%ga%%%onla
va@Ry: THovn vehaciddsorpthod Ockys iaderapdy shpwi nedthefacility
_pressure drop as a function of gas flow velocity in an
irad¥er gtli-on cell. Fig 11 shows a process flow di agram
of a testing facility utilising the netal containers
depicted in Figd . Fig 12 is a graph show ng an
adsorption tenperature profile of an adsorption
Detdiiledb degfextilpbtagst facility in Fig 11.Fig. 13 is a
graph show ng a rel ease rate of ammoni a vapor fromthe
PrdisyPtd Gycinaderfof milei h@sACFasidbbtpenn Fagetlial
Detail ed description Process & Equi pnent for making
ACF radsorbesiowst £1 s8helbgicldshgwama cschemtdgess 24 for
di agram of a process 24 for produci ng adsorbent,

pradEring 2ApaBPenbf MadssiBilngCaRak 1R efic R Hhifshi fluids
s and Lioui h : [ h I~S$.Gl<0 ;
Sug%og%sl rrent&{ﬂ?#l %SggA%tnl%{/%e Cg:éfl'bo?hlé:e fg(c%\%é)sz?grm the
disdslarged omlzotli gesor ptidhzes Amtomedeghsarfiwn prektles$sACE)
24 conprises an Activated, Carbon Felt,(ACF) nodule 1
QR SR 4 ¢ Af%‘fr%%%n% INGCR AedR=cyl i nder 13
containing activated carbaon felt (ACF), therein. A rmrg
det &NedPiPERSEf 4he CRERFISAS ndlr A @RI S@&homn Felt

(AECLEgb en‘gzdul-@el Nesho£Ysinges 3nkOPIUSeethMICWM 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 enclosure 21. The enclosure 21 1is 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
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 into and out of the

13
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stainl ess steel mesh side 15, a stainless steel plate

top 17 and a stainless steel plate bottom 19
w@osasma ng an encl osure 21. The encl osure 21PEHSG2005/000172

packed with activated carbon material in the form of

activated, carbaon felt . _The ACF_nm e t aj ned
meégnﬁ’éﬁ&inﬁqry HsasSI?‘%jgﬁ: %(’H?Frg I BQnBFeg%n%l ﬁ:g% AF % ron
esBabangs ruRae i Hhéhdorads, Niatme BUSOFI T T- 055 or Tonghui

I ndustrial & Trading Co. Ltd of Jiangsu, China. The

mesEigyl i HdehoalSs 02 hae ta idesuFFoD9-EREEAARAY FTiwH aRf 2
aperture t i.d ' [ 7
o Fainiiear 200 QMO d R Tape e

_ ate e Cco it is al'so nade
adsbaiptliess siyeéehdeeshlfo abhpwithe fhowetaljascybimder 14

fromthe ACF. The pore size of_ihe nesh side.15 and .
SUZERYREIS? PR SIFTIT WA 85 -2 FOR, Pehals €5 IR ntd is
codnd Rd ofot hemesh cydtAteniite | $gsm@ld enoygbtbA metal

prevent the ACF from escaping fromthe nmesh cylinder

plade F2§. 3rsdhowrrlulet aidZed c&itevsissethrongh view grepture
ox QIR0 sl P L Hla 2OpRR0! BE] AR nd lendSsure

i"on Tyl inae onprises a meta I nder 1
16sUrTisindbRguan x| dsursealied The nekalermyl ertendidg sinto

connected to a top netal plate 18%%nd a baottom netal,

thel aeRcbeSuThe PortIuPPTESTexR BHIS Lhr oftiP At apePPdret 23
exitld Y:fsd%f&éj}h_?_%ﬁeoggg‘ﬂ:ﬁlremfﬁ{(ﬁri%@ngni fhe R tom metal

encl osure 16. nduit 2 s sealed at the end
plexteeridl nend niotohéhenenoshgsaitsy b6 botheneplcdpeurg 16 has

2 BROR G T hel bot Com nat AMCBPAbe 50 Ind Aits Theupport
17encl osure 16. The encl osure 16 has a nmesh cylinder 13
| ocated therein which rests on support 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 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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The cylinder 12 includes a heat exchanger in the form

of a cooling water disk 101 between the nesh cyli nder
wdaddoanshithe support 17. Figs. 3a, 3b respecti vRCS6€105000172

a top and side view of the cooling disk 101. The disk

as . QL OV h [N L.eh - E - :
oSt HRE B T SfESho b, ML T nReSaT Hibded in
tispiniedlts @& hingddhel body of the disk and water is

injected in.a circuggerential _fron1?€nunber of

hol & | FFUPARIRERES VBSpFofbfe XTIt 1f1 oW dtrqHgled in

a Wi £ appahbesLbytionpProgBtemhealidy angfar ithdiSecylinder
use, the cooling water disk 101 is in fluid

rezoifinmi oat i dntwiack obybfeowy, f hatd watiete W the truck

adsor pt.i cyld nde [ S| d pon node.
B M T g g TrE S8aPbRg ar ok 101

r enReEe heaig of agalsior ptoonFagd dsi,veshadsargqridwit 23  is

occurring onto the ACF material praqvided in the nmesh )
CORASHRTG §3. 2 P35 dRERF pl(_PBF ﬁé’d’é’,ﬁ)cpﬂ? n§PRatt&eTRyre 1n
tHOIbbL Ot RERHEh JiR L£OP | Nghval s %ﬁﬂ%e 1QLpphReQt RIS to

enbodi nrents, hot 'water may flow’into the cooplng wat er
thi skcdrigduio f23t hehedri vheheadesopptioon ofylgasldr om2 is

the ACF nmaterial_ praovided in the sh cylinder 13. In
RS e TS MhoPSae Ty nielora TLORISy! Gt  RiRegalrot
sHAWANSPoEt &ldrere kst efd sutle thatdthe oY i midechr @sicdasies a

on a truck platform_ hot water fromthe truck engi ne .
vardy BerusEBeasdas hedteaitée sadeeEPtRerer FYAgREGEI nleo 18

' t 0 [ IS e tQ:a.0 i ’

ongrtell (18 FraCcEpEiohs rbReohEts (Rifet Aokl B ORtes 2
veltte daz plpensupd | ebegasthe tdvseonduon 23 Mhelent hé2 is
<nﬁg%§¥ﬁihﬁ?hc léggg%p io%ﬁﬁggg(a %ng%éyqéﬁgngﬁéégg, the

aperture extending through the top plate 18 and/or the

t

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 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
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
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shown) is connected to the conduit 22 which provides a
vent for the gas when the adsorption cylinder 12 is

wWo@p®casEw i n a desorption node. This pipe al soPQI/eGRHE800172
a vent for |ean gas when the adsorption cylinder 12 is

operat.ed i n an. adsoyptign node. | \ enmbod s
R e 1Y SRS hgCnrGligh ERBRSREREEr oy Tadr, 1o

stdEn bPes t sit € Bxa endt ngotbr nughrehetbet thmaphand a2Gasay
be provided with a gas, valve to control, the flow of

gas t® Hhdlf PEMAMFSORIFT hat| aAnyddisymmiodiment ¢ othe
nd&h ads 05 hedr- kS 1B Quidadsd® 1herfds LRIt iOH | AdEInder 12

via a pipe (not shown) connected to the conduit” 23.
bdteugas ientier scanreemesiit cybi mgeitalid tihrudbFt He dutermesh

cylindrical sh rfa 16a ,and. is adsorbed onto the
c%&“%%%oﬁ%en‘?ﬁ‘%t chtrlllleal ﬁﬁgc AEF G hésrressllgb%?/?ﬁﬁcgeﬁ:o the
pebetosure 24. wihe beamegasithen furaMerd WoLgh. thevever it

inner cylindrical nmesh surface 16b and enters the
showbdi tP22. ronthsefe £886r ptihen &ASthd&iyhinders 13 are

GP ﬁ’%fd g acgesapt | Aoy mde, aSy begh On-f ey
Oadggr enfnhatergal flomsythrou %Bﬁﬁger cy %E}driéaalcltl e
adestpsiowh ace ciBhinaied exi 18.vi a Bornthetm@2, The imet al other

oA o RSB B et S o5 1AL Bioe

t183P0sedentB i SoibodhBeds the Al pistst aig)l eé?linder
steel as it does not react with ammonia gas. It wll

shée appr egi doddhat0 i nFuktBesnpsd; méat OtlRr negpodiments,

YL 9062 215 ap0 LcLUe SR BT Ui UGG cne

imeshicy| dhdekie l3dubeptibe AgFinaterial is subjected to
the process 24 as will be described further bel ow.

Howele®¢ gelsorption 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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shoul d be realised that the nmesh cylinders 13 are

optional and the ACF may be packed wi thin the chanber
wa@eadmenptiidn cylinder 12. Furthernore, in ot herPCT/SG2005/000172

enbodi nents, the conduit may be the formof a sinple
4bp| pe t hat extends throu one of the top.,plate 18,

yI TRYER EPERSEA I8P N0t 28. CEQFERSP .:L@nar‘tn TRy view
aﬁﬂﬁgmﬁﬁﬁnﬁﬁewtbﬁ sanddistndd yay 1exdgnst@lind EFH&%%ﬁlty of

t hrough the interior of the adsorptlon cyl i'nde
mefipel adsor pramwRidaishder 12(3&@/ o uxee), 3%53@:%8%@1@, 30b’

S c Wi, |_I reC| at
3({Cﬁa’t tﬁe’%gzeg’gr p?#lo% g;ﬁrl aﬁhcalﬁlekt)g 4 rcaoﬁlspo Med oﬁ?Oa,
3Qb\Hﬂd(ﬂQﬁﬁﬁDdJﬁﬂaTl&ﬁszbm@t}E@dCyBOédﬁraiéIaiﬁhnged as

convepi ent. recepta le to store and transport gas. It
shgWh L sé 16 p?’éé Rh&P 4P neYo emsbdiinetartainer

tdR; housé nanetasaat@ ca@é@heoqf t%{@rﬂneeaﬂulcbh@a%n@%h H(30a,
cylinders 13 therein. Flgure 4 shows a housing in

30for3fiof3 Gt e ctta 'ai Her ' 380 ¢avd g’ a3©¢sm ality of rmsmtaln

| ers 3b 13e) |S|ng t he
mug%:gtll %t sgzoa %10 e(fﬁff]r%%% egl% he?' Jn% Aet al
contmiener Bﬁah.ﬁ pravdéled wichiprasdsnl etm@@ﬁﬂwt chifDiners
fl ow of gas into the netal container 36 and thereby

(30Re 3y 13%ttetde ) 13801 43p, thsc, tradn 1@@)6' \rEprises
tal c 6 i 0 V'3‘tﬁ;d' | et

meg%r}dw tgﬁﬁoéé‘igl?é%éow g(fﬁgaZs 31Etj}5(:)}m e’ (ﬂ cyli n% ? The

str1®aurkdb, of3¢hel3tdyol3edaind dual6, 3@’ n ofraetialentical.

b by |1 be d bed
T E R nad 0 R i a4 DS R Eapect | vel y

shownha cmgsgise@éh@a@hef:éonwwa £308Ng08, 80/, ¥hEW aff anhe
assenbly 121 conprising plurali ty of metal containers
tr@g@a’ Rre3®iiclamed 30, 23bqusingepl32. 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 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
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
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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30c' ,30d" ,3Ce" ) of Figure 4 . The netal containers
(30a, 30b, 30c, 3Qd, 3Ce, 30a'" ,30b" ,30c' ,3d" ,3Ce

w0 2@6a3E1F anged as shown in Fig 4a and Fig 4b poI/662005/000172

two netal container trains 136 and 136' . Each of the

tal container 3 3 30¢ 30a Ob
Y Topie SaPtAGed: Wtin Hie diFte Bl bomlai s on 20, 300,
30eyl | Bder,s 38eas desoutbed. gEe tuhaimn PIGse@PERSRS outlet
net al contalners (30a, 30b, 30c, 3Qd, 3Qe) while the
coryiifs1 344 é‘on‘p‘l“?]%es 406tral 188nt AR saP§OaC°m3%t to the

%ﬁr%‘h t 3 hesgt £t
i oul nduit ?3§ EHCEHESS tPle d}&]fé/@ 442 8%y exit

, are Identical. The structure train 136
olits afesdre betDael 30, THec med@d, cane ki ner s (30a, 30bh,
30c, 3Qd, 3Ce) of the train 136 are enclosed in a
housing 132. The train 136 is provided with an inlet
prsvelE tEdi2doh@tt fl ow of gas- into the netal containers
(30a, 30 30c, 3Qd, 3Ce) and an outlet conduit 124

for p‘ﬂc%scg gasipMenef dg@dmhalug@n&al g?ma(t%% PBbcess
30c, 3, 30e) Butterfly val ves 26,12 are

ofy e@pé@ﬁp\l@ls?dpr&iwqjé@n@t tﬁélilnlnélw d@ﬁnddetscrz@ednd Bige 1

out | et condui_t at | gas to an
sl G ERAUHber g 201580 A S 9BRakelY (Y Aleaxing
an Nt addwer-gwusi ngnakr v perdasadatg conegoli t 430 dhétlosed
is in fluid comunication with the jnternal netal

enbgtigiaidrs T86a,PBOEES30dnvedyes3ceRreea tanks | ggmely, a
méﬁﬂgﬂﬂ# A1 58, absqRQvidad of Lhg %Q@ég tr@¥ﬁ tank 4.

assembl y 121, "and have a butterfly val ve 17
Aldutbét1d0ﬂd¢mm$f(4®a 348b, WOes 40ddidgefeof $@Efn@iamtly

cont ai ners 0 b, 30 i.n fI
Lo e s Ao ¢ EORHa O G B 1 ThascPif, to be
1dé8@ed hfnCQﬂ@l“ﬂarlﬁQ PLOYi des @asidp hlaprarghatlon of the
CaCl,. The CaCl, (ag) tank 4 is connected to a vacuum pump

9 via a cold trap (5).

The CaCl, (aq) 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 1is then

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 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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containers (30a, 30b, 30c, 3Qd, 3Ce) . The gas is

adsor bed on the ACF adsorbent material |ocated in the
wa@eadmenptiidncyl i nders | ocated within the netal PCT/SG2005/000172

cont ai ners (30a, 30b, 30c, 3(d, BOe) . Qutlet gas then

pas f 0 duit 40 C
andsg%%négght t)g%]hen&cegpnngﬁ gqu(ﬁ ]?econ ai for Ta J‘:ggétﬁlg%}]am}l
tame antl dtngaseraniexicheowti afi1lhed (388er3Manid0CThe mesh

Process prment Process equi pnent used

3, [ 3Ce
CYHLRPRE | hﬁr eYA&t i ibﬂtﬁgal'}ggg ot 5O di 3RF oS SHRSDdiTROM  the

d¥dt 11 naw PerdeserhRedrnkikgwal Shows taecprmegi‘mééowo rinse
di agram of a process for preparing an adsorbent

neighanehl fzeeorlte CFo a di scl osed enbodi nent. The
process involves three tanks nanmely, a nethanol tank 2
, a TWet ereslanky3iadgra IhGla2 tegpvedniCrbm #he disthaled

t.ank 3,4 d t f ly | h
YTEER K mha Ry L TRAEFoRa 1re i ¢ Aol dDed Ut thE 24
hd@Ks ([Be3, Mnckiit Agr i SN egnathon, of alhe asl 225 usTtQaQ:l to

Cad 2 (ag) tank 4 is connected to a vacuum purrp Vi a
PP’ & reaf Y5 Carbme raddo o ath: earky 4v¢sg9ht so

connected to a nitrogen source to allow heated

ni t ridfgesr gaoatkd-nd,owthat osahe tsam@time m'atsr odgenined and

initially stored as |i UId ni 11, which
fl%élcheevlgpo‘%/aacfue%t?n 25 b4 p}co):rL Jer™ %gﬁld éir) HET egsed to

prétdhtanwekeet rf coheairierding Tﬁatm ttrgen-@asry epart sp
to the base of the tank (4) and is then passed through

Heafeed anktrayeni g3 vafve Eappratyre olé@n@ was ‘then
pAULL | Aln M granphe whilknnow heqdescr hed J any

IS inpregnated K usi ng t(ﬂe process
rmmrpnemttmmmfédn@tﬁmneolz\nh reference to Fig. 1 .

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 ACF
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) “ CaClz'ZCH3OH(1)

Comparative Example
Another adsorbent material was prepared by

impregnating CaCl; salt into ACF wusing the process
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The process involved introducing and renoving a nesh
cylinder 13 conprising activated ACF into and out of

wWo b@otratinanol tank 2 . This was repeated 10 tiPEFSGH05/000172
ensure that the ACF was conpletely drenched with

nmet hanql . The nesh .cyl.i nder 13.was renoved from.the
SR PEREEARACT T Cod "ER™ MRS HPSTRTT el Cnatey 1 The
pridss Thes r@t%‘s@a/ﬂl{tﬂﬁ_ﬁl?z1§im3ah:nﬁ:60¢lh%ed>ﬂdltd)as&flﬂibed in

renoved fromthe distilled water tank. This was

Exagpdateld 7othi e t 8XEPRSAORetHimb| theoMEhemMateripHe was

i s ﬁ&vaed fromthe distilled water
ru%§§%§§%$£Qﬁﬂ%%§%e I'nthe Cad 2 (aq) tank 4 for 24

hours. The concentration of Cal 2 (aq) was adjusted

t rovide a CaCl 2:Carbon ratio of 35:65 by weight.
S@ékéhs%ﬁ%ﬂﬁ%ﬁﬂsthe salt solution was drai ned and

furtdigf eyasardi ey byrpdaRkBg. Aicoloddop) (DrudisediSeflere

to prevent water fromentering into the rotary oi

unsiani-akesat beomi tregeampdssatota Feapadspybenst megrdal in
whas, then %%ig%‘é tﬂtol“cgho%h%ﬁsﬁ%ﬁ 'J&dserﬁﬂr%tw a %fm){gwt%
any G Th i nder

rémai ning traces of methan e nesh cy
ragpediiarelpl.aced gursl ddaa Budnade foesp@chouedyt oshow SEM

further evaporate any renmaini | vent. The
B ggiig = :jFF samples.

PhodRsaRT e06f e Fortace &R Y
ri8P0Gd @9 0G owNERet RegOlveinyBs svaporled ritdiion of

mesh cylinder 13 was further calcined in a furnace at
1@o0@rfdr Aidoura (1h) t heBoppoctbe, Shwtaffi mampls at a

nmet.hanol, to CaQd 2 les_a th h penetration o o
m '¥ifﬁﬁﬁQ?tréiﬁ(%8§§Q0rbgﬁg'ngggggalgﬁ VSt ebye Isut =

safp\d O Jadhind gHIrfometk i sipr egnatdomn. aNit magt. bei(1g) shows
bound by theory, it is thought that the overal
thedivyork nﬁ@m@ﬁeréﬁr@sé{fﬁ%%@atlon 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 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 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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follows: Cal 2 (s) +2CH 30H(D Cad 2-2CH3OH (i )

Conpar ati ve Exanpl e Anot her adsorbent material was
w@e@pas@w by i npregnating CaCll 2 salt into ACRPUESGZH05/000172
t he processequi pnment descri bed above with reference to

Fig 1 . The process was substantially simlar to the

one described in Exanple-1 with the exception that the

ACF material was not treated wi th nethanol . SEM
Exgpraeinan t ohsSBEMR ScafViRel . €l @€6PERLMPEr §3€8pe)

studi es were undertaken fromtwo sanples of the

adsoﬁ‘imtmte nat ehPEb Bn ®Epek imea badi g”:mscrrmﬁlcprofsmtﬁam 111

o4 GBI S Ao e

y show ogr ap % and

adbW N £AaCt2rAch samplrdsl @nkpd%edlinsh@asdH&W@SM&a&ple.
sanple at. a magnification of 1000 and Fi g, 7a % I%)]G
TRFRNED t Heh BSWCHBIBHIERE at 20FRGAFFPRat FBR2 of ©400 ACF

a&%&kpggbﬁIﬁa@@?fﬁltﬁgs4§M£ar§§§nple at a magnification
1000 and Fig. 7b (I1) shows the 45w % sanple at a

nagnf écgkkgglﬁ n%@g a?%ég&?fo@e %ﬁm{rfﬂth%mprlsed a

magni fie nmages that t cium chl ori de was
vesgsdbrily tepdaigt @d drenbder acheveicar Bogafs bmlestm‘:caneult

and t hroughout, the b of, the fiber. SEM photogr
Tir eeﬁT'%’agFakéﬁ‘tPor t?l% R pr8pdr e&C |nﬁlef%F§?m 1 two

addd-b i dhe cprpadatd ve(rratarr@hl%wnsl gui itha aa@ 14he same
respectivel y show SEM phot ogr aphs of sanpl es of

dexsfsgr berst ﬁhﬁera@$0m§p@med3}dyl®@aﬁpllé’ 1dargrbperdn aheve,
e§$%lt ﬁ%lggggﬁggﬁ ad or o%eﬁg?ﬂhq gng%e fggggétlvely
1anmncgdngnpaﬁgnatzoommof 16&@ 2 as:mormm@cpﬁmm hematerial
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 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.
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adsorbent material of Conparative Exanpl e.
Accordingly, this enhanced inpregnation of Cal 2 salt
w0 paoe/18t1e3 ACF fi ber has resulted in a higher aPSDsEL0HN0172
capacity ACF material that is capable of adsorption of
gass s a .2 . Experd al m - ]
adsor SFPHRENTT o RRURR &R T S piThen: A S¥BaEt Every
padsbdetli on $hset emlet] ¢ondurastisnantd cfutdyantenduit 114
.adsor ption, data_of @he activated carbon materi al :
fﬁFeﬁ%&%gaFﬁnghgaﬁbg 8Yexanpl e. Through this
experh&8ephrtad3onptd K, €at 8r0fantdeR iACK AUSORPHHN air was
mat eri al “was obtai ned. The experlnentéﬁ adsor ption
chgnged by 1vesHprossbea Hlessglatel 2 hammenba chasbeHowever,
erej gas._ial. c [ 13 .extends into the
t%%anﬁégi%ﬁ% céﬁ%gégg tgﬂgﬁﬁﬁgrsofp igﬁu%yl?%§%¥%m?ﬁ5t was
mshowa)nedwhiccieare thensaie dggign a@splbeiadsaripditonof 25
cylinder, 12 descri bed _above, expect that the two
V%%%%?p?ibﬁ 4Fi hokreabeEyr Espéetfvel y 150nm | ong and
300nfhé 0981 ufCEraES FRk OBt gLk abnpheRar @, i dh t Piverter
nmet hod described in Exanple 1 above was provided In
feeghentyt herowbdadsoept i an kydvader énoTheshown) and was
adsorption _cylinders | ocat in_the vessel. 112 were
&L ed"ps oG dne & Shor "thiSed bl Frish 4T Selp of
tladsanFlioan syst emcElbwal 9160y Sethsddsoadicel lank06110) .
for measuring changes in weight of the vessel (and )
Theer BF3F LB s o BPPoNM@SsoFSESHTest s t'ovanddifbareneial

- pAUSQLPLI ‘fj%u%éé' nggns) thaghge%%é’ﬁ&i MEtAl AASORRH 0Br  tpe

system 1 SO conprise esi stance Tenperature
véepehde®. (RTD) thernoneter (102) in the center of the
esse| ,112 for rgco&&}ng the tenperature of the

AGRREY bR . CHEThEY 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
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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vel ocity sensor 108 was al so provided on the inlet

conduit 113 for neasuring gas flow velocity into the
woe®saso1112 and outlet velocity sensor 110 wasPEI/S&2005/000172

provi ded on the outlet conduit 114 for measuring gas

flow velocity fromthe vessel 112 Butterfly val ves

(1158 RS 1 e 45T vETRR pricifs tred BRI  method

di%%ﬁ@%b@.%%%fﬁ%jfﬁn%éﬁ £084ubtelid fQAgriedWaaiding dasance
low. The partial pressure of ammonia gas in the air
thea e deivardddrbrapaciitng ahetlie AT anatefiahmoni a gas.
However, the maxi mum partial pressure in the
expétiguer WAs shbwbai pedsatirkesdrohandependgper on flow

xpl.osive Iimt of 25 volume %in air for, saf
veleaide. b Boo RS T o hpEoTas ThaRiedSHytaR 111
it RS t esuh@ eguanc WwHyoVh dedneaca iblgoveimd not sbeen)han 2

and was cal cul ated by neasuring a flow velocity wth
secioadsel pnef a he& lionr | Bl ard taut PF oW 85T oliRP sBndoRés was

regﬂlngge%ﬁd 2 >minm%nprf&§%{ﬁ %rfgp% SaH@@§BE§@nbyc§Ilf]ﬂlder

eréntral pressure gauges at extend fromthe
walsopabbuthe30essml, 14:2d Adsor ptindmuBapacesyul€) heiaguref a

8 is a graph.show ng t erature and i,gh hanges i.n 4
bl&ﬂ@%&p?%Bﬁgﬁ&Pgriﬁ? priovt Y i&ﬁFhel %tndi}§ I%%%téﬁpout
soloed RE VBSss8l. 112, corresponding to a change in

ammoni a gas flow rate through inlet conduit 113. Fig.

' . q&% haw ng adsorption capacity (kg amoni a
A&%dfbgi&%g aiioeﬁé

gas per ent) as a function of partia

o R (R PR L A bRt
isatthirgher wékow wallkeai t ypgnd wirnaqicr easitigermogravimetical
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.
Mass Transfer Coefficient Kray

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

given by the following equation.

8qn / Ot - krpav (g—dn)

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

material.

From the obtained experimental values of dg, / 8t and
(g-dm), the mass transfer coefficient was evaluated to be

in the range of 0.001 to 0.002 kg/s.
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partial pressure of amonia gas. It has advantageously

been found that when the ACF adsorbent material was
w@bdoe/1sa@1ndsorb 0.4 kg ammoni a/ kg ACF adsor beneCT/SG2005/000172

material at a tenperature of 25C and a pressure of

about 1 bar (101.3 kPa) ... Conversely, when a sanple of
Th?\(ﬁaﬁdg&aﬁﬁpg?ﬁ FetEH yebvﬁglo%ot subj ected to Ca?:I.p 2

| Npreghati 8N sHAWE AGE afiseihéOn 8Bt ar gak adseidird-tation
0. 09 kg ammoni a/ kg ACF felt under a tenperature of 25C
syahema Presthee vfstpubll beelyded. 3 kPayck 52 having a

se'a'iAggoro%i (r}gé alu%io?&atil?x%rga 3(%?,' ﬁ@ﬁ?%& B?H, %EPo%ounted
iS¢l osed a ove, It was possSI e to si gni I cant Yy
thenbance The adseript contaapacist y(3IFa theb AQFC naderBae) are

Figure 10 shows gressure op dependen

d t |
theeFgERL P85+ The? Adshe pF‘FBﬁ&cﬁq &g rﬁ(?ﬂ(ésg\év?em‘l - The

metdl, ddnM@snépyndihatzvherod, 308) 36t NtadddRd DAgIPr dave
than 2 seconds and a flow velocity of |ess than

adeotphionwasyt tadered haiedi wheurhCEn@dsofbene material
.adsor pt,i on i nder out 300 mm and the ninium
a1 3P E8RRH, TR BHeIPIE o B

| ower provi di ng gas through the
i Nl ehells3; nasm aboutchDOan okevaties . sAdser pinnosn Heatjas  in

(H The nmeasurenents faor determ ni n(ﬁ%t he adsor ption

thesdefardm GerkaiBRER by 0gsidp /@ dhetTbgtlRh nepfcdiransport

itagggﬁabggnQT@Oﬁgog%Qq) , in which the bal ance for
wel ght “nmeasur enent and sanpl e space were separated by

a nageetiondsuispentl W, 27 2GR 50, 48E1 0048l Itow thespective
eSS U SIS Bl 1 OIS OSLNE, SHTPTLPREnccre o o
coldbkgvammer &orMass: THansier r&prf bircireni i Kkav oAYIRSS hose
42Er%$Tg§ fgegll%fﬁgdmggmggg?égggo;rggégm%he 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 is 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

24



10

15

20

25

30

adsorption rate neasurenent data. Adsorption rate is
given by the foll ow ng equation. dgm/ dt = kFav

W@ epogioimhere q i s the equilibrium concentr atiPCI/66G2005@00172
gas and gmis the anount of gas adsorbed on the

adsorption material . Fr t ohkt.ai ned rinenta
e R oG T M ER . (OB CRE ok T nergy cnable
a HiGdredr Wasseyptlahed t e im hbe.r apgeaafidh 09 the
to 0.002 kg/s.The Gas Transportation Vehicle Figure 5
cosHowsl afy SRYBATA¥NP O LeCYERIt FBNIHST teaPbR S steif siruck

golhe system 51 includes a truck 52 having a series of
netal containers (30a, 30b, 30c, 30Qd, 3Ce) nounted
t hersonwiTle bet adprosthibeds Yi80a, i30bus8Qc, tBed, control

o 358 L0 BRUES°5L002S LOR I, SOUBLIEL- G0 Blcnen

thOneBELoreh Pl e have adsenptdn €yl haderd Ramiogrdencr.
ACF adsorbent material disclosed in Exanple 1 above. .
vikhetbyseddesl dfanthe ossd tevsivteramoni B Yasnitftt mS 1s
c'HﬂéﬂtéémﬁﬁJ”§f3ﬁ§§0350399e 3Qﬁd 3§%ss§gb)tﬁgd as under
ransport 1t from point to point. e conduits (22A,
prEBu? C t 1220 g2 2H) e of ottthenr gapedhile¢ rMdt atheoont B nensers

(30a, 3Qb, 30c, 3Qd, ) a conne d.to.a nmon
thut FettadonGaPERRA St h¢3F8) m 8601 P51 808 30ED ot CREEETH2, the
o ch ic?lﬁﬂdﬁ:'ik'ﬂa‘i CORBYRI Cadf on it h theredpbatiifdd. mesh
The outlet 40 is connected to a flexible hose fitted
cwiiirtder § unherashdpedingtidout kee (4Wtahat chamosast ed(302a,

t f. th [
B 08 G gk 5t S O Ll e o
tHe30acF30bTh39C, Mk 3IBe)t atheconnecked 0id capable of

transporting the stored gas to one or more locations.

When the gas 1is 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 from
the ACF occurs). This means that gas desorbs from the ACEF
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 vehicle
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

® storage tank that

vehicle as described above, for a 4 m
has capable of storing 2000 kg ammonia at 85% of its

capacity.
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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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container, the controller controls the pressure of the

gas within the netal container 30 to desorption
w@oovditsilehs (that is a pressure at which desorpeT/66G2005/000172

fron1the ACF occurs) . This nmeans that gas desorbs
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or a nB8 st orage tank t_$has capabl e of
gﬁ??nﬁiﬁﬁoﬁaﬁﬁ anmmoni a_at 85/§%$8.£§ﬂ85pacity Table 1

?%%an Speci fications Table 2 o%s xenpl ary
FQ%Q% 2t :5t PERSSBECt he nccnnhll5 7ﬁndﬂgrr|hpd abave

with reference to Fig 4a and Flg 4b. Tabl e 2Anmoni a

Di scharge Test Facility Fig 11 shows a schematic flow
AmpnopianPbscharaenBash Haséhakye test facility 200. The

testing facility conprises three ammonia cylinders

(142rig 411$h©Wbtduﬁchﬂmﬂti@nﬁbnwadgagﬂmnﬂaﬁranThmmonia

anmoni a_cylinders_(14 respectiyvely o
Af AT Wt out FEEL bbhtl: 2001601185 LRy by fAgility
cbhow s gashi-ber ebraidnikhe c@qtlln@ex%ondm@ 144,146) that

(162, 163, 164) are respectively provided Wi th butterfly

shearges U8B 1a569254) therebpect iMd y pagonige tfglinders
(1&9?&85,9@%)0“%f§ tf%sﬁggE”Uéﬁy provided with outlet

conduits (162,163, 164) for the flow of gas therefrom.
The outlet conduits (162,163,104) are respectively
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 wvalves (158, 156, 154). The
ammonia cylinders (142,144,146) are also provided with
respective pressure gauges (148,150,152) to measure the
change 1in 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 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
the tank 160.
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cylinders (142,144,146). The outlet conduits _
(162, 163, 164) are connected to a comon outl et conduit

wagdetibmozigh the butterfly valves (158, 156, 1B@)/SG2005@00172
amoni a cylinders (142, 144,146) are also provided with

resp Lye e . ges (148, 150, 152),.t,0 neasur.e .
t he ?ﬁgﬁée ?%1 ;@%é‘ghcgggofa%m?osnsleﬁ%%e% nicyrPrising  a
stygladers resaiide on rEaAsuri nfidal ancesef{not showBhth@ners

ecm.ne the weight and therefore the rel ease of .
(gﬁ‘%roﬁg]ﬁ' gg@r gPFrré:gJTher@q sSHISL® pFEdiBed b oagh2l’ is
188AK1 460 tQr tHeOrd JMLRITPN 21 986 ovEhe ST °in this

conduit 162 extends into the storage tank 160.
agsorbyE thhk’ 16hare aliso pnoyi ded sindilan tmairet of metal

1§11 havi a butterfly.valve 168, for
Cc?lgg%igg%ffnggl e f?g\% oféjegséjsrl&ﬁ d ofPOYE t%ﬁ{ihléiffﬁ@rhce to
Fig paoxnhdedigqndlassenbly 121' conprising a single train

of five netal ' containers (30F, 30G 304, 301, 30J) .
The shndliei 4 r amhoassenBl ¥chidtyel _Stééj@_ntﬂa(‘c@ﬂlj?@_l/t B®0, the

assenbly 121 above, except that in this assenbly 121
neppk eCPBtanngra $BAGH 80ty 307 ) ofensetisolodredi aed tharafore

6'. de [ bove i _t rence to Fig 4 Fi.g
ng}f%. 'h t8 ﬁ%ggg%hi a Eﬂ&ﬁ%{’géft ecs(%cnecfaalcrfeflﬁgy (%)%?%Oﬁjé are

alvit ato coatel nersmSOGa §&k, £364h) theethsrl aked and
therefore not in operation. The netal containers (3CF,

- 30J)Ths eagbbebly 12Cei Ve praRidadgas ti oA theri@Pkeonduit
160. The assenbly 121' is provided with an outl et
T'tonddite 199t lehe Gadwit cdridui extgndaxtfaimm them apsembly

asseppl ' | ower L70. 0D ] uLf 172
! t ranggo)rét ;t?lt weé§a§7§fo\r%1ﬁt he easgﬂénbfgéﬁﬁg'% tclo h{é]_:amports
thot aywes A7Gn Theved esemiobyi hylti touthei slakvse provided
in the
A water cooling circuit is also provided in the

assembly 121’ 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 1lines, while the ammonia conduit flow 1lines 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 190 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

28



10

15

20

25

30

assenbly 121' for transferring cooling water to and

fromthe cooling disks 101 located in each of the
wop@sasiingy netal containers (30F, 30J) during PEFSGYS/000172

In Fig. 11, the conduits of the cooling water circuit

is shown with dashed |ines, while the ammoni a conduit
canitainghes3@te SREWNTRRENTSHG d Yhahestemprragerenget the

i rcui ' lglso in fluid communication with a
a%%ﬁﬁﬁ?#%d%#&%ﬁ%% 178 via an outlet conduit 188. The

coolj.n i Ci it is. o_p 1.d .th an, outl e
condll? 485%ERE, "B it PRodsLAn AR SO 102
thedt |dsefeddd. fivm ther phhvleted 80184 186H)a af topraytdedis?2.

on the conduits (190,192) respectively to neasure the
In nuste atdSouttHew t BRt&rat BFESUSESwattdf f VoW AG | Rfo Water

rRRdpt Al theechijhderclBhotheigol s @hgo pigyi dgdrer is
four Thermoneters T1,T2, T3 and T4 (not shown) at

prnaridag poslht fonsuthetheomdvditc dtZaitiat 3ot ¢nds from the
neasur.i ng the te eraturﬁbff igi,adsorbent mat eri al

fLﬁ%&Wﬁ%ﬁ'rﬁPwﬁ?e Ti FeUFT a¥ so”inel udes conduit 192

t hat extends fromth hiller 180 up to a fl.ow er .,

182 T19F G BT EN HI BALSfbt Bt CEHBS Yol Uik bfo) which
ar@ateinfl emna oWorgfurdinetciid | i 480. cZbe flamdet efia a

is provided with an outlet conduit 182 that extends
canrmr g f lcowdvdtter 10 -t oThae wassablbpnisl' (17¢xaré) are

re .orovide ks.: (17 7 L.C rein

az%%n#%(ﬁ%#%@i%%ﬁ?%§{§%¥%g§a§ﬁé%tﬁg% g%gngcgg?écting

conduit_ 175 _The ter_tan (174,176) are also in
Aot R ?E%ﬁi%%sgﬁ%ﬁs?ﬁgsblomer 170 . Anmoni a

Di schar ge, Test Results Anmopni a ggs S rele%Sed fp?m

theAQN? rg9as was releas rom the cylinders

(142,144,146) Dby opening the wvalves (158,156,154) and
into the storage tank 160. The ammonia gas then passed to
the assembly (1217) wvia conduit 166 and valve 168.
Ammonia gas was adsorbed onto the adsorbent material

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

Temperature readings of the thermometers
(184,186,T1,T2,T3,T4) were recorded at wvarious 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 121'.

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

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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(142, 144, 146) .by opening the val ves (158, 156, 154) and
into the storage tank 160. The ammobni a gas then passed
wo eoobhaiassenbly (121') via conduit 166 and vaP@BESGBB5/000172
Ammoni a gas was adsorbed onto the adsorbent materia

the nmetal caqntainers (30F, 30J)

ided
W#%ﬁ%é?% u%gaFeéﬁlﬁg§qaa lﬂ?t%ﬁﬂ%ﬁ%@t%@@o?184was adsorbed
wﬁﬁ@hTeoI%egﬁoﬁﬁk W§5el@%CQﬂﬁe@l@éhH@ééQ“%ﬂﬁdﬁié“&Péﬁ the

Al so the changes wei ght of the ammonia cylinders were
ameetdeey Lstdgr s hélder Ak ng 464l dncesgdéder iteed lalgpvsime .
to determ ne the anount of ammonia released to the
assenbly 121' . Figure 1EahinM3the tenperature

£ th t |osed in th
ot &P CBbnPAPREPSSOR QR &t SRR SR hoRE Chders

c¥ilindd2, T3, T44p over tlne Figyre 13 shows [tihgs

TNB O profiTe0h ghe amoni a fﬁilﬁoers (147, 5&&;;&6)
é&gﬁttl : Ta)Ie 3 sunnarlzes e total wei ght of

| IhA ora ol
ATl 1Tl Ul Ul U LIIC aL,LI C bal UUll || T
E%r%/aeirj (oI 4 A/Zb8fc§tjnd hat o0t Q;t of 38. ﬁ?gug

AQﬁ%ﬁﬁ%ﬁged “anhdRi-d fromthe ambnia cylinders 14-6

Wehgtpt 1499 14 6!) during the testing time. Tablle 3 Tota

g;'.lmmnl a was adsorbed which Qa( esngnds t0-19% of

adsor bed melght on adsorption nesh cylinders Table 4

shows a conparison of the predicted and experi nental

adso]f‘q:lﬂe)n dheahodur i ag ¢drepdesson Farf | ndteanpeediiated and
eval uat ed ave

I der 44 t heoret.icall r heat
Il AR practn dhestoo i 1 okhdsy For

1ﬂ%ﬂéﬂbe[e|§@§e ﬁﬂhéﬁ 194 n %W%dﬂ%dﬂﬂafﬁ 8 ggaluated
8kg x 1078 kJ/ mn x 60 sec) = 14.
average heat re ease was 14.4kW based on adsorptlon heat

of 1078 kJ/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 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 18.0
value (kW)
Predicted wvalue | 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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The experinmental value of adsorption heat was obtained
by the tenperature difference between inlet and outl et
wao epasEtlre of water flowing into and out of PEESG2005/000172
chiller 180 multiplied by the flowrate. Table 5.
Conpari son of predicted and experinental adsorption
heat It has been denonstrated in the test and as shown
by Table 5 that nost of the heat of adsorption was
renoved by the cool i ngARRléeatipast est confirnmed that
t he o disglo herein is safe for.a ni
st or LR ade ey or €. ABSTHcat LoRs RAvanbRGEGICyY ¢ that
beddlsal e heeappr eohat atkilmiobedausei mded edsbnSotfe ACF,
methanol is rinsed fromthe ACF, the concentration of
thet RARGEIFRAEAENACE MEYRRRAL dlti RSt REFCAg bower during
thdPe@Nat | Hh LBt ildH S sHeNS +hat Lhe faCndt the CaCl,
I mpregnati on step can be conducted at hi gher
inmenepetat pesshad peasber evndudied sitgniigloant tympedateres

risk _of explasion.or fire by the nethanol. .
a%%vaﬁfgagugF thg%ﬁaxﬂ%mealéﬂ%gaFﬁgﬁﬁg i§%§ﬁ%%ﬁﬂ%18k of
el dotoh hat pioyidlgsthapneveanblpr egnati on of the

salts and scalabilitg to large-scale applications.
Anotier HNAEAGR oF th’@h%rrtfgw%%%dofemlh@dﬁmgetéseas a

afbod ARRLS ! sddie B0 iBAsOr AL OR LAPAGLId AL {1 of th
s . e
terial. The ACF a sor%ent ﬁb ses supg%%o#;adgbrpt?on ©
saldpacindy saadapod kabi tot YarJddes cadisordperiti camtienisal can

be sily shaped into varius fornms. For exanple t

mat ?'%‘fﬁ%ﬁn @&eaélsr%ial%? us & tot]ﬁ?oqféréboéﬁérb% Fon o the
dicd1Ssdd | gmBoYimedBe AR &fticdl hpyRVEdes Ritaher sapiacey of

area per unit volune for adsorption of a gas
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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It has surprisingly been found that pre-treatnent of

the activated carbon material with a polar organic
W@ i0easit11Ppr ovi des i nproved i npregnati on of actPUEHS@Z05/000172
carbon materi aI It should be realized that the

i sclLosed e nt.s of t adsor bent terial can be

teEREPEE  RALObIIG s 08 T b W ERAN (A & CeRBADAZ L. the
ammgﬁggegagulflde sul fur di oxi de, hydrogen chl ori de,

chlorine, nitrogen oxide such as NOx, etc. The

di scFBasE dfbadi MR stef PERE iglgs crdmritbenit empiprials that

seful andsafg to hi gh ressyre

Ogéggélﬁgrgag o%yammmg i&:c gctgr:@(% %e HdsdiBsht oF the
dimbtdvaatagay beessedbiad t hebonet al 'u:héi:al ndrs 3 anfleed of

ISt ore artl ularly useful when used to transport
a‘flﬁ‘ég%ﬁﬂ{)m%a Eicpia er%h%/ts £ eed 0T 09PFESadS6VBERLLLY,
pOBEEEi alns et OMEEEePRieh alcdSasitalBl i qiple Faeilitate

more of the disadvantages described above. There is
agigedPrbiondspd bént SAEPEL PRI BrPRgsscan adsorb gases

revegsi s i_ghe sqQrption capacitie

famf?tg Xl go?’l |a|c?)fr? Ia%n gcsoa{r)pjtl h %%%Es@ogﬁglﬁﬁafcllons
ambe aﬂa@talﬂtohhatoﬁ/athQUSnoblﬂeliolﬂiDdzbilJ;abeIb‘-bvaﬂﬂJs to the
adaptations of the invention will be obvious to the

PHEFYon sSKdhiss LR tHee alatrtafflgFeFealﬁEF%lli‘%etﬂkﬁeé@Fﬁgomg
dﬁééfé@éﬂé ey M HhBaH! dggemh farrgmt{%e sggﬁf C%@& SEORE of

of the invention. i's |n
tlm@dllfw@atl@ns éhdladaptt&mld@nls tharte all hsuch hmodd:;ﬁpeaoﬁons

c 1. A nethod of
e SPRUTE meTr | S REapibt Bbi ARoPBPRG (741 &4 habpehded
creiheod conprising the step of

32



10

15

20

25

30

exposi ng an activated carbon material to a polar

organi ¢ sol vent before inpregnating the activated
w@abosoimat erial with a salt. 2 . A nmethod as PCHBGHEWS/000172

inclaiml, conprising the step of renoving at |east

a portion of the polar organlc solvent fromthe

activated carbon material. $12®Spthod as clainmed in

claim2 , conprising the step of introducing the salt

to the activated carbon material in the presence of an
1aquebume5hbdﬂqﬁ1prbdu¢¢m%thodad§aﬂb§mhﬁmatexi@dncapable

oFOTRASNG] TE1R05R, fyf TRUDS | SoBntss Bl Iy o

e 26691 Ay NEnt @ celidiamell ,coavgt | fhbgreal citratd NfolHe organic
adsorbent material. 6 . A nmethod according to claim1l
SOlE%%r pefagesémpEeoRg tiRg dde \afteadborARepRr aferial
w%{@ﬂét g1 group consisting of carbon granules, carbon
ers, carbon nano-fi ber, graphite material, carbon
matri x, carbon powder, carbon felt and n1xtures

the A net.hod accordi to.clains

2t o B R0t PSS o carautel SoMing the step
§0|ﬁ/&ﬁ3vﬁ¥g“&% pokaktor ganpsrsdbyenit 8theA pothaed organic
according to claim1l , conprising selecting the polar

sotgent cEsohvene aebhvehedgealboBoRarstiad-of al cohol s,
et hers, al dehydes, ketones, carboxylic acids and
m xtures thereof. 9 . A method according to claim1
3conpAiﬁéﬂ@oseéectlagmadlmm/caahngalcohpkiain@h&hpoba@p
or gani ¢ sol vent nethog?accordl to claim?9

o ePBFRIBAEM B oW Sar At atCoRBE. PEISdPEaCe T t Raterial
197 ONP SPBSLSLENGE0En aqueous solution.

4. A method as claimed in claim 3, comprising the step
of removing the aqueous solution from the activated

carbon material.

5. A  method according to claim 4, comprising

calcinating the adsorbent material.

6. A method according to claim 1, comprising selecting
the activated carbon material from the group consisting
of carbon granules, carbon fibers, carbon nano-fiber,
graphite material, carbon matrix, carbon powder, carbon

felt and mixtures thereof.
7. A method according to claims 1, comprising selecting

a low carbon polar organic solvent as the polar organic

solvent.
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nmet hanol , et hanol, propanol, butnaol, pentanol and

m xtures thereof. 11. A nethod according to claim1l ,
weowpnsding sel ecting a netal halide as the saP€@T/SGRO05/800172

met hod according to claim 11, conprising selecting the

netal of the metal halide fromthe group consistin

8group MRRECalZCCHBUY HA Feidls landYrEpS g | segectlng
t}?%te ?Joaaqf 1&95515@&' Qi 1Gab! e-ah eérfémgkguﬂ%ﬁgfgﬁﬁg% of

3. A net hod according to cl
akoopelsi ngesetest | g ddieydesd i dkedfortess newabokxylliide acids
fromthe gro consi sting of fluoride, brom de,
and| B gar Fogﬁaﬁegﬁd m xtures thereof. 14. A nethod
according to clain11 , conprising undertaking the
exposi ng at tenperature in_the range selected from
9t he Br @ﬁﬁh@énﬁ%qqmﬂgu& BPo6Lainod t Camvtts Bopcselecting

*GnoticTEoe 1ERAHL doocne ERRHF sddets 3RaiEfooc |
.15. A nethod according to claiml , conprising
T Sh TR et N L T

caPosh 41B8ho10.i& bat1d@aposion théb%ﬁbd%5k$ﬁﬁléﬁhng of:
about 2 , and about 0.9 bar to about 1. 16. A net hod

meigleanral ng ta-herdlm 5 pEAPRNSILAG &mﬁ#@%kAnggﬂmianol and

C j.nat a tenperature in the range sel ected
m ?%%#%%ekggggéfcon5|stlng of about 1000C to about

5000C , about 150 OC to about 4500C , about 2000C to
about 4000C about 3000C to about 4000C about 1200C
110 aboliethod Gecordidi U%06E2LH &bmﬁo@ﬁﬁkﬁ}ngaﬁﬁlectlng

aqﬁgygllﬁgggagoagbgHé 2000C . 17. An adsorbent nmateri al
In a nethod according to

12. A method according to claim 11, comprising selecting
the metal of the metal halide from the group consisting
of group IA metals, group IIA metals and group VIII
metals of the Periodic Table of elements, and mixtures

thereof.

13. A method according to claim 11, comprising selecting
the halide of the metal halide from the group consisting
of fluoride, bromide, <chloride, iodide and mixtures

thereof.

14, A method according to claim 1, comprising
undertaking the exposing at a temperature in the range
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.
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claim1 . 18. Use of an adsorbent material made in a
nmet hod according to claim1 , for adsorption of a
wo bwwbd3011D. Use of an adsorbent material accorBPCT§G2005/000172
claim 18, wherein the fluid contains atons sel ected
fromthe group consisting of Nltrogen (N, ()<ygen (0),,
134l t&r (Bythegdr o@%ﬁofﬁl}ng ChF@rl ngleém | 15| uoFPRBTising

ué&ért%E§£QOHtK ) &nsh 1§§9&2 ops ghereofe 2390 W  range

according™to claim erelntheflu |s ammoni a
sgfbscoed| ifgeimd 1alm$mglra>up21commla’pplagatq,% dlooust Gr.iongoar to
fluid

et od i REPacSbr DRt mibe LRI A ePROUEn® SHddTbeR about

2 eded i @bo6ONPL DSbAg 8B apblirated.carbon inpregnated
with a salt; andat | east one conduit extending through
the housing and into the chanber for transfer of fluid

lég aﬁdm££g§htﬁéc896ER he agﬁbr SPPEL Lyéﬁﬁgcﬁﬁgsggﬁﬁing

clairm wherei n ent mat rra
tlee mebled naddordi ag to cémperdtur23.itAntapparaias Belected

EXOR FBEal e SRS SHObr Doty 14 P e ARBCR: 500°C,
abh&@st 160eccarduibogit mryb%?etam&y@h 2oléchausi ggoand 400°¢,

into the chanber for transter of fluid Lo and fromthe
amatrbéﬂo @nda ﬁb@ﬂte%ﬁgerab@#t dii2@’Rg tadsébmltorﬁoo c,

I 01 I C?b %I‘db t t r
r |§/i #égébégg%or pa}klbcgl# Icﬁ’li 3ha tLL@ ﬁ(%fl@d tg)dsor uécnt200
material, or both.

17. An adsorbent material made in a method according to

claim 1.

18. Use of an adsorbent material made 1in a method

according to claim 1, for adsorption of a fluid.

19. Use of an adsorbent material according to claim 18,
wherein the fluid contains atoms selected from the group
éonsisting of Nitrogen(N), Oxygen (0), sulfur (s8),
Hydrogen (H), Chlorine (Cl); fluorine (F), carbon (C) and

combinations thereof.

20. Use according to claim 18, wherein the fluid is

ammonia gas or liquid ammonia.

21. 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
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24. A vehicle for transporting fluid conprising: a
housi ng having a chanber for locating a fluid

wa@edmenkams material therein; and at | east one PONSGRN5/000172
ext endi ng through the housing and into the chanber for

transfer of fluid to the chanber or fromthe chanber,
or 5t hieast AngehFeRreUREcSrdisTyiny cFAralgh, thiferkpPRsing

aﬁdﬂele{ﬁal ¢he i Shausel f wRropell edryehisg! er1 . 48- té and from

vehicle according to claim 24, conprising a he

thex ctiemgezr f or driving adsorption of fluid onto the
fluid adsorbent material or for driving desorption of
fluid fromthe fluid adsorbent material, or both.27. A

2Nehizgl e pgeartivy bGec@iing?6 covheneiim t he,hegherein the
exchanger is located within the hou3|ng 28. A vehicle
adgiialitng Mad-e1 3 m 44, 86T i $Pnga PraPadpuApcPERing  to

1BV Y fluid to and fromthe chanber. 29. A vehicle

according to claim28, wherein the fluid punp
conprises a blower for noving gas to and fromthe

hanb I dj | 24,
2 ompt SITRFHE B E 1501 RBuELRGS . CURGFaF A Phe

champersu@fi ngdl HabhiHpal it YerdmbhOrsinas arRa% |l g of1uid
being in fluid comuni cation with each other. 31. A

adpshilsing: aeviereiay teexedtm 24, wherein the fluid
adsqrbenl, 0Bt &led! cbRalRee it hdFd1OPhAEEGRNILIL Rousing

and 1nto the chamber for transfer of fluid to and from
the chamber; and

a heat exchanger for driving adsorption of f£fluid
onto the fluid adsorbent material or for driving
desorption of fluid from the fluid adsorbent material, or

both.

24. A vehicle 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 fluid to the chamber

or from the chamber, or both.

25. A vehicle according to claim 24, wherein the wvehicle

is a self-propelled vehicle.

26. A vehicle according to claim 24, 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.
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27. A vehicle according to claim 26, wherein the heat

exchanger is located within the housing.

28. A vehicle according to claim 24, comprising a fluid

pump for moving fluid to and from the chamber.

29. A vehicle according to claim 28, wherein the fluid
pump comprises a blower for moving gas to and from the

chamber.

30. A vehicle according to <claim 24, comprising a
plurality of housings, wherein the chambers of said
plurality of housings are capable of being in fluid

communication with each other.

31. A vehicle according to claim 24, wherein the fluid
adsorbent material is made in a method according to claim

1.
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