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WO 2006/130113 PCT/SG2005/000172 A METHOD OF PRODUCING A

WaRiEsRBALIFOR ADSORPTION OF FLUIDS Technical Field dheG2005/600172
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 transportin%é?ﬂuids. 10
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processes. Ammonia is a corrosive and very reactive gas that is toxic to
humans in sufficient 15 quantities. Therefore, in many industrial
processes, it is important to TEMBYe EFMmSri& H#¥dm the process or
exhaushsireapreAmmoONiaiis €ontmony sipsetkas aliguefiedigassyndeto an
igh pressure. This requires the use oégre sure vessels, .20 Wlﬁ-i;Ch IS
RO s HRD ol FongEHA R Hiche hhifia ahign Present
ipressuresibecalse if thelpressure-wesssls tailp {ire tdue tocecnapks formed the
ai Stg% Sﬁr.face %Jatjeg vessel), a 3udgen releas%gfczirgmofnia to the

10D ria a 51 =) or _transportin
atmo ere may resuf’f. sud%en re?ease o}rammonla gas 25 maynbg g

féxplosive. 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 30 ammoniaBpskaedsnsibe transported from one

localeig, anoffier. An alternative to slaring ammogia gLligh essWes;is £oy
to store ammonia on an adsorbent material. However, the capacity of
domwircaBsorbEnOananeial hadpeen faitels a corrosive and very

reactive gas that is toxic to humans 1n 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 liguefied gas under
high pressure. This regquires the use of pressure vessels,
which is expensive. It is also potentially dangerocus to
store ammonia at high pressures because if the pressure
vassels 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 steoring ammonia at high pressures
i5 to store ammonia on an adscorbent material. However,

the capacity of known absorbent material has been quite
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1 WO 2006/130113 PCT/SG2005/000172 low, particularly at ambient
wWeripperaitirds and pressure. To overcome this problem, it is KBEW$E3005/000172
adsorb and desorb gas using extreme conditions (such as relatively high

Tsessues-and:-lovs terpeaturasidodnereasadpe S.siarage capacity obssure .
ammonia on the adsorbent matgrial. There is a need to provide adsorbent

TRatetstd it Soveriome BERXIEER amifioratd on& b Hore"6r thadsorb  and
diisathiantages dedatiped abovend hetmisiacnestkto psavide adsobenbitively
maﬁtlarials that 10 can Ezillt%laorbl%[)ases revers}l%% under. relatively moderate

kfé‘ pergt:ﬁ?essS and Spressures and ye %%gges re‘f&?ﬁ%ﬂ/ high a &?ﬁﬁéﬁ e the
Tapaaite Hareds.dlgo@nesdntongravice ddserkeht materalshatedm] .

adsor B%'EQO”%S“é:hr?éeacﬂ“E8“5§>%@%.° ua 19.501H00, SUMMAYY .y o ¢ pa¢
According to anII’S'[ aspect, there iS provided a Metho oif producihngan
agsbesere materiaktapdisie ©f 20cadsbilsing flaid, themettod momprising the

Jhe §Eﬁpa9xft§§8%5i8% ggﬁoggategkp@‘;gqn material to a polar organic

solvent before impregnating the activated carbon material with a salt.
Accordif§£6 asecandhaspéct; therd yprwided so Pbgndtho@berials that

Paduging an,adserbeat material capable of,adsorbing fluid.the methode ot e

comprising the sfeps of: (a) exposing an activated carbon material to a '
tRsTae sRjaHi@ SolvBst; B FEFGTMTY aBehst AthoPRABERthE bk bygdnic high

Rsephyrntdromihe agtivated carbon material; (c) introducing a salt to the
activated carbon material in the presence of an aqueous solution; and
There 1is also a need to provide adsorbent materials

that can adsorb solutions such as aqueous 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 fiuid, 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 agqueous 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
WAEQoRQ0E/1130113 PCTISG2005/000172 The method may further/sG2005/000172

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

aspecEhiereieploviledtby usdof Ghadsorbentonateial ihge inskep of

Jmethod according, fothe firstaspeqt.ardhe second aspect, for adsorption

10 of a fluid. According to a fifth aspect, there is provided an apparatus

for stoNAGFRH-EEMPIBING: d-RdusihgHERfigla cHarsid forendlgsifgded an

Adsorbenttmatgiialthgreinythgadsorbent material gomprisingianlSto  the
activated carbon impregnated with a salt; and at least one conduit
feksridiRg BRBhgRthd RBuSRG R AP fetchamber for transfer of fluid to

and frapctheghambey. W onswanbodivpataf the fith aspect dhevided the

adsorbent 20 material is made in a method according to the first aspect

WigheLecdhd a958ECRREorBNG 5 At aSFect théte REfTI0Red GROTding
appariusior storingiid comprisieg: ceaiisinghaiag a ciambedfos rption

locating_a fluid 25 adsorbent material therein; at least one conduit
%“;(t@ndigr]rélf‘rﬂwgh the housing and into the chamber for transfer of fluid to
and fremcthesdhambes; and a-heahexebargear foriduiving atlsorptianvatied an
ud 30,910 he fluid adsorbent marenal o oL giying

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 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 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.

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. According to
wa eventim aspect, there is provided a vehicle for transporting flgidsGttves/ooe172
vehicle comprising: 3 WO 2006/130113 PCT/SG2005/000172 a housing

having,a eliamherdor ipcaling a fuid-razeibent materighiherainpand ate s g
least one conduit extending through the housing and into the chamber for

FFRFSESFFIRieHEchd ey fidffithe chamber, or both. In one

embodimentefdhe seventirasnect thevehidenis ageHpignelledyehislesing
In one embodiment of the seventh aspect, the fluid adsorbent material is

Hddd L nidtiod AEEYa g3 e FOMsB &sptict b thefsdcdnhiRrpeaamber
dzefintians: Hoednlaming wergsweadiierms used herein shall have the
meaninlgzl indicated; 15 The term _ Iu%?ﬁif to be int%rpreted broadly to refer

to botft g%%eph%r%%?f&jr&‘ SRG adiuidihase freith “TRERSF M activited ehicle
icarbor'dd B-be aptedpreté dvlarbadlyeto include any carbon material that is

capable of adsorption af fluid. 20 Unless specified otherwise, the terms .
"compﬁ%inan%ngpnﬂggg%ﬁgg% an gr?r%wema i%gle\%r%n sstﬁgr%%‘f, an’e fluid
adterdedrtd représentadperd’ ondidelusive"dangaaeduch:dhatdihey to the

éqgjggeé@scitegteIgrpﬁsebgte%l%%?eggi}% ig%Iusion of additional, unrecited
e ements.%% As used herein, the term aebouf", in the context of
concentrations of components of the formulations, typically means +/- 5%
of t_he stated value, more typicglly=+/- 4% gf the stated value, more
typically +/-

The following words and terms used herein shall have

the meaning indicated:

The term ‘fluid’ 1is to be interpreted broadly to
refer to both a gas phase filuid and a ligquid phase fluid.

The term ‘activated carbon’ 1is to be interpreted
broadly to include any carbon material that is capable of
adsorption of fiuid.

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 wvalue, more typically +/-
3% o©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 discleosed in a range format. It should be understood
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3% of the stated value, more typically, +/- 2% of the 30 stated value, even
Woaeeesioally +/- 1% of the stated value, and even more typicediy/8¢4:2645/000172
0.5% of the stated value. Throughout this disclosure, certain
{gmhodiments may.be ed;ig a dormaf Jfshouldbe ore1y  for
understood 4 WO 2006/130113 PCT/SG20051000172 that the
GELEAPHGTFEraRBE (SRS ety foh eBhvk e d ety ard a5 an
Sheuldneke cansivedasan infiexibledimitationon the scope of fidsclosed

disclosed ranges. Accordingly, the description of a range should be 5
T@ReRRred I RAR S5k ica ¥)ﬁis%§%aﬂaqﬁﬁenpd%§ib?e S PEngERstd be
Jelkasimghddualsumericad valyps avithin-thal rangaiBetrdeddisclgsure the
of Embadiments 10 Process for producing an adsorbent material An X
RO et §iiRoSEE fgfein ?@ate‘g% méthod %’?%X&EB% ad¥omsEnt cat
vaatedal. whemethedmay-grayde improved impregnation of salt, and in
particular CaC12, within the adsorbent material. Due to the gas

adsorption 15 capacity of the produced adsorbent material, the method

may realise beriéitszinlsed|dbilkybbtheneroods Erdo tatimpactie
Bpplisations, The agtivated cathon malstial may g selegtpd from the
grotp-conststing-of-carnongranutes, —20-carbon nano-fiber,
graphite neateridi marbondnatrike sedbdre pewderadditadondels Thetdahd of

mn%?{)&lble a g‘ talah%iﬁggggtThﬁg@%t@hg@y b%‘ﬁg 'Q%ECEHSH* ﬂ}t?ag/m';lgrovide
tals of

conssﬁng of group A metals, group IIA metals and group VIII' m
ithe Peviodic 28piabimatélements, awllimixturasithéreobaneitalidamayaCls,

\pft%ei%(:t%%g OQ&QSJ%QVRC%{?&%@&@C.HUBUQ&to the gas adsorption

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 therecof. The halide may
be selected from the group consisting of f£fluoride,
bromide, chloride, iodide and mixtures thereof.

In one embodiment, the metal is calcium. In another
embodiment the halide is chloride. In yet another
embodiment, the salt is calcium chloride (CaClz). 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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bromide, chloride, iodide and mixtures thereof. In one embodiment, the
wWhetghissoalgium. In another embodiment the halide is chlorideedm/yeeoos/ 060172
another 30 embodiment, the salt is calcium chloride (CaC12). Other

exemplary salts may be barium.chlorige jnickel chloride, ;magpegium, . ¢y

ch[oride, cobalt chloride and strpntium chloride, bromide fluoride an
waldtih ictidet 5382008 E30148 PET/S68 200510001 72hehetsdlembyl may

e aaqlickelea salt-splution: Theweight #6 gt salbrelative 49 sahan in e nout
material may be selected from the range of groups consisting of about

186 forabdiPB6% 2 A6cut 2895 abBEt 56%0; ABBUE3098 t6 5 abeuis08hE to
Dhout 409640 ahoyb50%118% ta-abauidd%; salzput 1094 toraboui3R0e; 404 ;

about 10% to about 20%. Exemplary weight ratios of salt:carbon in the

. 3RRMehialREy bR 8heted b (PGP 1H%0- 2030 BE: 750 30 AsHp Lary

wsiehtThe-desited salt cagwonratia fhayhbe dhtairee byrdOradjusting #ey  be
amount of salt introguyced to a given wejght o a_1r$ n materi .It}%s.

% ri&?gfﬁ y ggﬁ“fo%%’t? b)?tlﬁ%'?ﬁve?‘n@g'r at t%g i ddl;%ta#bhjl 'sal %o‘ 70 and
THrlEcn inThe préseheedf ablarcigarin salyeritwiniend ieedsingetded by
adsorption 15 abilities of the carbon material. Without being bound b .
O Rt ShCIAE e fihar Sanis SO Ent Ay Lo SR feioht
afpregriatingribhé @ctivdted carbon material. The polar organic solvent

may 2.2 jow,carhon polay, 20 oroanig solsn, The poley grapic sgvent
may have from 1to"6 carbon atoms, 2 to'6 carbonatoms, 2 to'4 carbon
Hitems ot frodnt td drearbbnsdrns . n one eibodibment Hae gewsanoen of a

2 ggr{ﬁ%ﬁ e YERRCUTET e PUR SONSIHIN LS Ui on
abilities of the carbon material. Without being bound by
theory, it is thought that the polar organic solvent may
assists the salt 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 ethexr, 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
wWieomagiesograup consisting of methanol, ethanol, propanol, butaaal/sandes/ 000172
hexanol. In one embodiment, the ethers are selected from the 30 group

consistingefelimapthyhethenethy meetiyethers digthyl sthercethy! RPPM the
ether and digr_opyl ether. In one embodiment, the aldehgdes are selected

HSHPEYHSdiT Eoidlsting S FGTraIGenyioBesERfehygeitanone and iso-
mpraparaldehyde, butyraldehyde, iso-butyraldehyde. 6 WO 2006/130113

PCT/SG2005/000172 In one embodiment, the ketones are selected from
the g%%% c%ﬁég'l%ﬁr?gtg ac%?o%%?%r&b%%%ﬁé,aﬂitmeié%d TERMRshohg. the
piHesactivatehdarbarvimaterial may betexposed:itaithe 5polec0egaNirom the

lvent at a temperature selected from the group consistigg of about 20C, ,
92’%%1.%2§8,na 10%9%3:,8%, (a%fju%gétart?obutgérocagg%uécbogg 4gC. IR Rt %b Cr
BmbddiRBRE thethotivateti0larbendnatérial s ekplised Intherpelaembodiment

igenicydlvental an.agbient (gliReralie raade O aRAUY 10 48 tp.about, .
30C. The activated carbon materlaiamay e expose<§3 to the po?ar organlg
Selgant at & plossute sdle@ad fomitet groepronsitting ofrarogg 0&Gfharbout
18 about A har, Gy8dar to about 3, about 0.9 bar to about 2, and about 0.9

bar 15 to about 1.1. In one embodiment the activated carbon material is

expogé&ﬁoqﬁé?sm?%a%rmﬁﬂata_rm@&smm Ssouexessid oe the
Rinhedinaents ihe-actiyaied garbon materal is; expesed iq thepolar£ o he

organic solvent at a temperature 20 selected from the group consisting of

HIR 1688 shelingoc fasdirut o altrt 50e, asutasE babouf - 8 bar
##0Gbout 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 temperature
selected from the group consisting of about 10°C to about
80°, about 15°%C to about 50°C, about 15°C to about 40°C,
about 15°C to about 3OGC, 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 poclar organic scolvent 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 embodiment,
wibemeclinsated carbon material is exposed to the polar organic selygaiaésieont72
ambient temperature and 25 pressure. It is a particular advantage of the

embogimentse thathe inpregnation i the,saltinto the, activated cathon, ¢

. material may be undertaken at low temperatures and pressures as this

LHED YEqUdBYh & TaER TALS R thtdd it ProdRtEorRBRthE aBEbdEnPassing a
Heatesial. 38sThepolar organicisohpdmaydie-omgyved iomiieerial. The
activated carbon material by one or more of heating, desiccation,

A BFAtior RalllRdtiok Sdnyird, Tr§iflg Uhderdaciiim CEF@STRYTIUET range
shdlated gds M0 200641301 3 PETHEGRP06/000072 oo o’c, 60% to

bodi the polar.ergani vent is regoved by evaporating the
lso vgﬁtg})ﬁgﬂ%rtﬁég pggs#r?g agﬁ?e%ltea%agr,gsfc’h agaliﬁog%ﬂ, thibdgh the one
embtedipheltia evdpoeation vagpole taried ofikat adempeeajure |ARGE 5at a

a.gro onsisting of 50C to 60C to 100C, 60C to
tgegﬁggggé%t%ogé 6'(?)%%0 é@‘gI% ogn(z g?nb%](cgi)lgn%ht, heee\%aep%ggﬁjonqgs used
feurristrgorat attempetative iretthe candpe 60 tee 1RO aThenkeatadegasny gas
wised fordrying e agtiyated,carhon material ay;he any,ggs 10 thatis
inert to the polar organic solvent. in one embadirment the gas’is nitrogen.
eThRedaliedls slatieid mayhavermaaehfrom the activated carbon

materiglpy ong dmgre of heating,, degigeatiop, eva %Eﬁlg%uca'cﬁ‘ra&?“’ ‘the
drying, drying 15 under vacuum, or drying-using heated gas. [n one
byairseht HazkeRousSBRibALS reshoviseeby evaporation fofloweshhying,

dRassing a heated %&9&@&!&@&,actiéé%tféiﬁ%@%ﬁf,‘ate@az'tf,;m%heatsgying
gas may be any gas that is inert to the activated carbon material® In oné
UBHABEdinigftuum, or drying wusing heated gas. In one
embodiment the aqueous solution is removed by evaporation
followed by passing a heated gas through the activated
carbon material. The heated gas may be any gas that is
inert to the activated carbon material. In one embodiment
the heated gas is nitrogen.

The method may further involve calcination of the
activated carbon material. Calcination may be carried ocut
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°,
about 120°C to about 300°C, about 150°C to about 250%, 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 CaClz-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
waj thes/antivated carbon material. Calcination may be carried opt@t@acos/000172
temperature selected from a group consisting of about 100C to about

500C, about 150C to_about 450C, 25 about_200C, to about 400C, about
DB E ol 00Ch SBBITT200 5 bt 3066 Sbout 180c GABRE (€

a2k Ccant ialkaitdimOC thabeut200CnIn one erbditiientgalcingtion i§luid
carrieg out at about 300C. In another emchcgment calcination is cayrried

MY outit abouLbC gg'rﬁgﬁgr y W ere a hyd‘?’oug:s‘:gl?% used Suchas of
a@ach24420h Thedlgshadsorbfionienatesall frepared ateordingthithes SOy,

disclosed method may be le of a in flui aining.atams
hge%cc%gg ?ro?iﬁ?h%rjgﬁ)%’p ccg%gé% %S %f n%f%og%r? %I%l og%g %é(oﬁg%ﬁu%é) ,NOX !
BWE RIS 13 PG SEG2005/000172 hytdged Ay ehprita¢Chot. In

Ahorne P eahan ), andcombinations terepf in apggpediment,
the fluild may be a gas selected from the group consisting of ammonia,
hydrogen sulfide, sulfur oxides such as SO,, 5 hydrogen chloride, chlorine,

ikogen.oxide sHeh as NOX {ggp&dehyde, polar hydrocarbon and
IXtures thereof. i~ another embodiment, the fluid is liquid ammonia.
Vehicl® fOLERIPTRNSEBRADIAAREIRLERNOHIRERt &80 feldteEigae for

wehigle fore tragsperting diyids. The vehigle egaprisesa NPYsing having@dsing
chamber for locating a fluid adsorbent material_ therein. A conduit extends

hAf6HYh tHe FBAEIRG And o LtReThaRbef fof tahSreAEFRIR T andRbRT 121
#the d&ighamber hafiuid adsasbert matedalgioviged indhe oysingd into

may be any absorbent capable of adsorbing fluid, such as ammonia gas

qﬂ%ﬂnﬁ%ﬁﬁ?ﬁﬁﬂdéﬂﬁaV&ﬁé%ﬁﬁ&fbeOf 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 liguid. The wvehicle may be
a self-propelled vehicle such as a truck or a tractor. 1In
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 descrption 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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a self-propelled vehicle such as a truck or a tractor. In other
vapioodtrsianss, the vehicle may be a trolley or a 20 trailer that iBqrepeliestcon1 72
by another vehicle. The vehicle may comprise a heat exchanger for

Ariying adsorptien atfhiid pptpsthe fluid adsorbent material or for driving
desorption of fluid from the fluid adsorbent material, or both. The heat

excharder A5 B5e TRERG WA the HYEEMg. ihe $difitle fAhjclosed a
£oAptises @ dluichpumiples moving fiiehia-aed frgm the khambes Thefluiky a

ump may comprise a blower for maving gas to and from the chamber.
S REHicId Wy SETTA: Slura ity st hBUSRESS6 RIS iR therein.
Thambers of sgid plusality b bousings bse saapabieeof beingun fuidextending
ommu%ic%tril%n \;r\l/ig&gggh otahr?r QiW% 2@%6/13 113 PCT/SG2005/000172 £
lﬁ%Lég(orage Apparatusqn angther embGdimer ,E% ere’is afto dtfsrc‘f‘&% 4 ©
flindi stotag e apparatesicarhgrisiitpathensinghdviag Aecitamsecfemger for
dosfing e flidadsarbent materiaf fevein. &, e heusing alsa as ableast e
one conduit extending through the housing and into the ¢ amber for
nersferaof floid tofamd fidm thienchambenaptioheabdxchianged folf rom  the
' f 0. the flui be ial o i
e ar ST ror ths T0-Md Sdscubent matanal o ot The HagF ™=

e charfgerday W&?Dﬁdﬂigeﬁéﬁ@n@fhﬁto}'ﬂﬁ?@lﬁéuging@ofth@{ﬁhél@@t@uter
s SHEACE obhegonduibmay.he ipLontget with the fipichadspehant materiay ., 5 4
in use. The conduit may be in the form of a disc and may be provided at

3RE pBREMTOMAE e15 Adudifg MAtse] Bsole@ Rdidihay e prsvided fdmeform

deatexchanger 1o drivedhe %9@0%%%6%&(1 apfo the Juid, adsgrbents  ine

material. Heated fluid may also be provided to
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 tc 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 principlies 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



10

15

20

25

the heat exchanger to drive the desorption of fluid from the fluid
warsareswimaterial. 20 Brief Description Of Drawings The acCarOpaaas/ 006172
drawings illustrate disclosed embodiments and serve to explain the
principiesyaf tie disclased amahodimentsolids tode=understagd, howayept ion
C25%that the drawin%s are desziggéwed for the urﬁ se of illustration only, and
| Toigh

HR R et o thadimiteS o fién it 1 is a process flow

diagrag. of a process for jng.an adsqrbent material accordingtoa , .
disclogéh'd%f 30%%1b%%in§en€£%aﬁ%gi%‘% c?gss%se%ﬁgﬁa n\ﬁewc%chagn(:%%%atEd 0
Bydingets osed ivvontsiniagsorbent nigteriaRherein. 10 WO 2006/130113
PCT/SG2005/000172 Fig. 3 is a cross-sectional view of an adsorption
cylindéHntaifhg #e nieshsdyfifide’ 19y, 38§ altbp viewel angolidgsk of
mligk loggted in the adsorption cylinder of 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

contaimdlg coraprisingsa pluralinaefitbe adserption eylindersof 0. &AOainer
Fig. 4a is a cross-sectiona] front view of an assembly comprising a
Cpcf’g\%ﬁt‘ysd‘fr?ﬁeteﬁ comaihg deépictetif FigF B WR toﬁﬁéﬁ@?ﬁ% of

misgembly of Fig 4a. Fig. 5 is a schematic 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 1is a schematic diagram of a wvehicle for
transporting gas comprising a plurality of the metal
containers of Fig 4.

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

Fig. 7a(I) 1s a BSEM photograph of a sample of an

AQ

adsorption material comprising 45 wt % of CaCl, at a
magnification of 1000.

Fig. 7a{II} is a SEM photograph of a sample of an

Ll

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
wietenmseidynamic adsorption measurement data. 20 Fig. 7a@is/ec3a08000172
photograph of a sample of an adsorption material comprising 45 wt % of
CaCl¥aga nmag(ificatien ef 18601 Fighdadl ispISEMephotogmpef acr  an
sample of an adsorption material comprising 45 wt % of CaCl12 ata 25
adagnification ofnbBEO0. 1 WOREO6H 8013 PCTIIGC20054F00LE: Fid. at  a
7b(l) is a SEM photograph of a sample of an adsorption material
neopmariSing: 85 it % Of DAGL2 at a magnification of 1000. Fig. 7b(ll) is a
SEM photograph of a sample of an 5 adsorption material comprising 35
wt % &FERC 12t B matwifieatioRldf LOGOOC Fipphis @fSEM photodraphf an
of a sample of an adsorption material prepared according to a disclosed
asHipadlept conirismipds wionptCating10 ¥y 7dtis & SEM plitaGdrapket a
of a sample of an adsorption material comprising 35 wt% of CaCl2 not
5rgparetcebading fo deffded embodiment. Fig. 8 is a graph showing
temperature and weight data at changing partial pressures of ammonia

over tifeS 15%f thé dsdrbét™dt Fighe PR 9RSa Péphahodample of an
RfsorpionEaPacily {kg ammania gas per kg abserient) as,a funclignof e q

partial pressure of ammonia gas and gas flow velocity. Fig. 10 is a graph
e peSRreldbphsa 20-ftineforfédas flow velocity in an
adsorption C,-%HQH% 11 shows a process flow diagram of a testing facility
al

utilising tHe Sntafnerddepi&BE FPRAPR of a sample of an

adsorption material comprising 35 wt% of CaCl, not
prepared according to disclosed embodiment.

Fig. 8 1is a graph showing temperature and weight
data at changing partial pressures of ammonia over time
in the adsorber of Fig. 6 .

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

pressure of ammonia gas and gas flow velocity.

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
wagsaipitan gylinder of the test facility in 25 Fig 11. 12 WO 2006¢%3§13:035/000172

PCT/SG2005/000172 Fig. 13 is a graph showing a release rate of

ammaqQpia vapar from the adserption cylinder of the test facility .in Fi .

Detai eﬁ%’es%%ptfo% 5ro%5§9‘$% Ifglu?g%%l t for %%E%%SSECE%%%N é?\tél%ﬁn 3nia
vayateriat Eign 1 shewsdschiematio diagiamdta potedsh24 foegirodimingl ity
iadgorbe%rlmaterial capable of adsorbing fluids such as ammonia gases

an ﬁgui S.'The process 24 in the 10 disclosed embodiment utilizes

Activated Carbon Felt (ACF) for adsorption and desorption of ammonia

gas. The process 24 comprises an Activated Carbon Felt (ACF) module 1
DeARNERJ @38k Znafiaathanol and a mesh cylinder 13 containing

activated carbon felt (ACF) 15 therein. A more detailed view of the mesh
FMipder13 cEnuieseen inFbig. Aakiemeshcylinderdeamprsesd a1

circular shaped stainless steel mesh side 15, a stainless steel plate top

17 and'agstaihlesscstee| plateivattenitd ddraurating20 anenclosare 28 for

Th I li I at jal i .
TR R e atn nacdio i el

E maybe obtained commercia
ssudh ass frammkhibayolikaes oMihsk iRElAA s .unblee thentadessamd in the

SR S O Tﬁgg@uum&?ﬂi@'é Arading, €aql 808123 Jipggsy. (acr)
ina. The mes chﬁn er also has a conduit 22 extending from an
faperane ¢nptstowr)plovidse ipthec pplatarors.thedsoitom plate 19.

The conduit 22 is also made of stainless steel mesh to allow the flow of
gas tofe fippcess 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 c¢ylinder 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 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 ACE.

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

sufficient to allow fluids to flow into and out of the
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30 the ACF. The pore size of the mesh side 15 and conduit 22 is

vaoHislopida allow fluids to flow into and out of the 13 WO 2006/d8RQ%&360s/000172
PCT/SG2005/000172 mesh cylinder but is small enough to prevent the

ACF from ,escaping from the mesh cylinder 13. Fig. 3 shows a ¢detajl
gl S SENbr 4 TG SRETHh s SFore Briap 1o
efhe i adsapten tyindes 4R eompnses:a Metal cylinder 14 surrounding

an englosure 16. The metal cylinder.14.is _connected to a t efal plate

18 anglagﬁott%)lmsrg'&gfs plaate ?al‘ﬁ%%%nd:u]ftoff extends %@%l%h%? woot a
haperfurg provideddn therop métabplate dScarpitintontheghdlogge 1026. The
2138 £000UK 2213 sealad ot e erdpiending g MGRNAOSWE PYifher 14

plate 19.-Another conduit 23 extends through an aperture
sprovigeddnnise bottoramébpiste 2¢ andlin® theedadiosdel 16dme 14 is

Saslasire 46 has 2 mesh cylinder 13Jpgated therelywhich resfs On metal

support 15 17. The cylinder 12 includes a heat exchanger in the form of

pa2beling WateFBisk ToTBetieervihe RESETEANdER IS Y thefsupRpErture
pHoige B 3b taapectively, show g fop-and side view githegosling disksure

101. The 20 disk has a tube provided therein in which water flows during

Lse t6H4ciRABHERE trarsferS TS & he P SpilaiCal SR the N SF e 1nto

tgisk apdwatarisinjogted ipagigimisrantial way frame: Rumbesaideles 23
in the tube, to promote turbulent flow of the water and thereby 25 to

SHERISIE hERTPAEIerdR U8R SIHTULES tHRYOBHAG Hatdt didke1 019t FPfuigetal
Agerupisationwith acoslieg Buid seuceswhen, thenadseptionsaivdes has

12 is in an adsorption mode. Cooling ) _
a mesh cylinder 13 located 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 1s 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 fluid
communication with a <c¢ooling fluid source when the
adsorption cylinder 12 is in an adsorption mode. Cooling
water flowing through the cooling disk 101 removes heat
of adsorption and drives adsorption occurring onto the
ACF material provided in the mesh cylinder 13. In a
desorption mode, cooling water may not £low 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
wanehetriiass iddsorption occurring onto the ACF material provided st os/060172
mesh cylinder 13. In a desorption mode, cooling water may not flow

tiheougbdhe¢aaling wates slisk4Qdm Incetherambogdinentsahot waler dedy in
flow into the coqgling water disk 101 to further drive 14 WO 2006/130113
tBeTPSED06YH6BERF thé desorption of gas from the ACF material

provided ientbediesinedindaeld Inembodimenis whew the cglinderddd in
is provided in_a gas transportation system such that the cylinder 5 )
eSRE ort4 BUSP DR CHot AN 7o FE ok Hitime M beddetpdes

orm< Rot Wate
rassadeat waterssourcacReferingfagain torkig. 3wiecconditoas ishe truck

econ.nected to a.9as g@gg (g\sot gh%vgg)%via tt%% %p%réurg in the bottom metal
ﬂg%enfo.mme gas pipe supplies gas 0 10 the conauit 23 when the
adsorpediecytimaer 12 ¢ operdted ifag adsérptiorchdecAndtiier ga83 is

i t_shqwn) is e to the conduj which. proyide r.
o e Ao Buc Sindie T2 o o b A a Tegorepey Tee Ln
YheddoTiopipeaisclprovieies a2b vehiefor (a9 gasmehenuthp biserpties to

rylinder 12:is; pperpded in.an, adseyption madey inother embodigisntsthe ;
aperture extending through the top plate 18 and/or the aperture extending
opEiRfethe BottoRNpla@e20TRE} P predded AiTPA as valestoRbagol (not

Jhsflow of gag i, 20 andifrom thercondull 42310 use, 9gs fhat Isdediei ges

adsorbed is provided to the adsorption cylinder 12 via a pipe (not shown)

v&Hnected to Thecodddit 280 Fhe JatenRASMERHESH cfindéndgr 12 is
dﬁ@&{b@eﬁ%t% cylinckicat mesh.sudace 25 16a gadds adsarbedt0ftPdes a
the ACF adsorbent material

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 o©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
162 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 tTo corrosion in the gaseous environments to
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located in the mesh cylinder enclosure 21. The lean gas then flows
wibrmgh 3te3sinner cylindrical mesh surface 16b and enters the ROnNdGoB2/006172
When the adsorption cylinder 12 is operated in a 30 desorption mode, the

Wgas-adsarbed gn theadsorbent material flawsthraughyipner eylindriealay  is
mesh surface 16b and exits via conduit 22. The metal cylinder 14 is made
Hralmhfstal A% résistaht #PES 886N e ffetgdskblls UrSHReAR Yo

15 WG 20Q6/1 80153 Re i a20054800 N2 Whigh #Hs eXRessdd i, the
embodiment, the metal is stainless_steel as it does not react with

D RoME GO TRl DE aPPfechiEd that inhfs SHSSTIRERC theddifer 12
wylinders 18tare gsetbimtbe adsarption eylindes 42 thbecause itiS the mesh

conyenjent tg contain the ACF in_the mesh cylinder 13 when the ACF
%ﬁ{gﬁeﬁgﬁé sggec"f’egc? fo tﬁ"él epro}g%&shs pliy ggr it be descri %% uﬁﬁgg be?o?N. the
Haweses i $hagldiilrkakisedtbatthidomésit ayliriders b8 arev optioralver it

%Q@Sf%'é may e packed "%‘ﬁg‘a‘% the ghamper, Qa%jﬁg%o Ledindes o
. Furthermore, In other embodiments, the conduit may be the form of a
girmplengipe ahat exteadsififbugla vnéef tibetopeplater 18hdylinddresidééber
ot bott . Furthegmar in other,embodj t g%nduitz qnay .
ae(?(%éjnroggl}é% Waygtgro%ﬁet e 15%’|%eferior of t gﬁa?jg%%)tioﬁ cylinder 12. other
Shifecatisurption cylireler t2dvaychaagedbto stbre dodmelelse gadsusle pipe

SHER ag amumaniahwillpg, anpreciated dhat the,adsgrption cylipdersld ; ey
can be transported on a Vvehicle so that the adsorption cylinder 12 isa 20
Thaceriéntatcdniadieno tore ivd tanspor gas. Inwitasprbeembodiments,

?%%{ﬁéé%&?@u&f@t iRy other gmbadiments, the housing may be capaBle®f 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 1is a
convenient receptacle to store and transport gas.

It will alsc 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, 134, 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,13¢c,13d,13e). The metal
container 36 is also provided with an outlet conduit 40
for flow of gas from the mesh cylinders
(13a,13b,13¢c,13d,13e).

A duval 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
waf medakeoitainer 30 having a 25 plurality of mesh cylinders pCT/SG2005/008172
(13a,13b,13c,13d,13e) comprising the activated carbon felt located

ereip. ;T etal containgr. 36 is provided with an inlet.,conduit 38 for .
How o &a@ﬁn% t%%erﬁgg?%grﬁaiﬁgg 46 &nd théreby CE' Mesh cyliddis  view
af13aal 3bABCVIZN 13d). Fhe artaiBOlcoritdihec8Gisrdlsdprovided-withiayn of

w@itlet conduit 40, for flow of gas from13g mesh cylinders, 30e,30a7, 3007,

(13a,13b,13c,13d,13e). A dual train of metal containérs as desctibe
38s0ve3 il noWde dexEribddniile rferenddro migZalandFigaiewe (30a,

39005530 BEUP eI L5G8005/0801 12 Ay wiuch respectvely oW .. noed as

cross-sectional front view and a top view of an assembly 121 comprising:
Sharlity’dt héthl EohtaRéts ok, 30b,36R, 36830 BB, Joptal container

£30a.30d"398") Sh kiguns4. Theapgtabgoniaaersdé3a, Scontainers  (30a,
30b,30c,30d,30e,30a’,30b",30c’,30d',30e") are arranged as shown in Fig

SRR and #4815 WG Rie medh continar Adins3%8 and 136", Each@gntain

mihetmets: cadtaingss {308, <30k 80 39d B9e 3Da33@k: :306530d',30e")
contain_multiple adsorption ¢ylinders 13 as described. 10 The train 136
compﬁ%lees metBF@c}r’i—fainer%3%0&36’&%@5?368,%%) WitPthe traffPpdginers

(Gdrapigs, Meiaboahtaibers (30R'53QD', 308300308 Thesstructugsifises
the two trains (136,136") are ideptical,, The structure of train 136 is

i é:s?c\“r};bed Bgﬁ%va}ll%aﬁws)‘e metg?z{j@hta%%}?s (3%%% ,Q@C,SOd,?@eE) dithe The

straincdi3brare en€losaokin ahousingpildz The ¥@j 336 is previdediwith BBl .

o SEpL A2 flow ok ges o e HELNAES 0. - ot
metal Toatametsal 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,30¢,30d,30e) and an outlet
conduit 124 for flow of gas out of the metal containers
{30a, 30, 30¢, 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 alsc provided on the top of
the assembly 121, and have a butterfly valve 128. The
outiet conduits (40a, 40b, 40c, 40d, 40Ce) 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
wwrauidadoamsthe inlet conduit 122 and the outlet conduit 124 faraegaatingoo172
gas flow into and out of the assembly 121. The inlet conduit 122 extends

cipta thehausing 132, 25,yia-perforaied Gonduit 13Q.that isjn fluid 30, 301,
c¢ommunication with the internal metal containers (30a,30b,30c,30d,30e).

3RA outPeonddi® e B4 is als¥ rovided8s thé& fsof BREaSSemblyorpl outlet

candihave a huiserfly valyg 1280 2he pydiet capdyits 4408, 40, A0C 40d,  the
40e) of the metal 30 containers (30a, 30b, 30c, 30d, SOe% are in fluid

CegmrTuniiatiof witRe betforatéd EBnddie a4 e use the torasit T80 exit
obrevisiesiaas to3ba metakb contaners (30a, 39k, 30c, 30d, 30e). The gas
is adsorbed on the ACF adsorbent material located in the adsorption 17
WO 2006/130113 PCT/SG2005/000172 cylinders located within the metal
oontainers@daoaeh: 30c, 30d, 30e). Outlet gas then passes from outlet
conduits (40a, 40b, 40c, 40d, 40e) and connect to the common outlet
conduitk34ese thatthepoutiet gascah ekit Stdut ofitihhp £80m 80530 rocess

d, 30g). Process Equipment Process.equipment used in the .
e e S S T I ER
shigws 10 showses profésyiflo diggeam ofa propess-fes preparingarparing
dsorhent ial ac ing.tg a disclosed di t. The pro
a%volv%%%ﬁ%%%h@ks ng%gly, :éi methanoé[ tan(f@,%g w?t%gr tan%?, an(g%a{3> Elosed
eghcd2agttankhe Albsheanks (XS dmve A tianctendufiicienttp 18, a

nArgesush thatibegmesh qylinder 13iis;able tg he Locef;ggéi)gt;g%&;n@ank a.

(2,3,4) during impregnation of the CaC12. The CaC12 is
Addnnedtedtipea veendd pimp3. 4) have a diameter sufficiently

large such that the mesh cylinder 13 1is able to be
located in the tanks (2,3,4) during impregnation of the
CaCls. The CaCl, (aqg) 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) 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 ocut 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
wiittoge 020 source to allow heated nitrogen gas to flow into thectastkzobbeoe172
nitrogen is initially stored as liquid nitrogen in tank 11, which is

evapofaied j.am vanprizanl@ and fypther Qgﬁrsgwhﬂbﬂ{e%%h%@é%aml

9. The nitrogen gas Teports to the base of the tank (4) and is then 2

trsed Rffodgiriiestank () viehevaie BExdhfiste ﬂa%@%or’béﬁﬁMatﬁhal mesh
AN example will npwebe deseribadiphichCacCla saltrisdmpegnated,  the

into ACF using the process equipment described above with reference to
FHigtideeng ?)r&?esgqmb‘ivgmhﬁoa’@&ng SRGr&Rovihg athBgs to rinse
tindent3 epmprising agtivated ACF into and out of the methanol tank 2.

This was repeated 10 times to ensure that the ACF was completely
drencl’Iéﬂawitlameth@ﬂdlnl&vv(l20@51%30&%&@8/3&2&@5@1@@1&&&1@11ed

sh c lin er removed fr m th ethangl tan rs

drst &d wa %eratarr?klirﬁne mes cyrfn 'ié: 1 W(g!sbrnt g]afﬁ% %d
henmed ffom terdistitfedatdtentank. ThisMlas repqatedra@ timdgtsted to
rinse. t fro ACF mesh.gylinder, 13 was rer oved from
p#bs‘glsér#n% hvégtee!rzté% and mme?zéed]?n %/ %%Clﬁ (ag)l 4 for 24
hours Fhe. congenigation of CAC 1oy was,adjusied 10, ROVIBe 25 hey  and
CaCl2:Carbon ratio of 35:65 by weight. 10 After soaking, t e salt so J]utlon

SN BRtin &F ARY HRA e PEV FRTERST ISy pBmPRYIAORDIES |5)wess usttl to
deeRayentwater from gptering inta e rataRoil pHamp rg@éﬁg nfroge ump .

gas at a temperature of 150C was then passed through the mesh cylinder
HEpieréniolE Y5 mifaimiy facksBPRieitaior. 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°%-100%. 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; intc 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) - CaClg'ZCH3OH(1)

Comparative Example
Another adsorbent material was prepared by

impregnating CaCl, salt into ACF wusing the process
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The mesh cylinder 13 was then placed inside a furnace for 12 hours to
wiorthes/essaporate any remaining solvent. The temperature of the fishaea000172
was in the range of 60C-100C. Once the solvent was evaporated, the

SERRAOYIHEL I uan b cliedin 3 LFBgeRaLSO0E 1904 9 The
In this process, the affinity of methanol to CaCl2 enables a thorough
ppareEtion @ CadaStinn-the I AGF sddsbHaant Ftatéddl, Pefeljaseudhrgd in
Lifparoved 24 impregnation \Withqulpeing bound,by HeeryritiSerial was
thought that the overall reaction may be represented as follows: CaC12
Q¥ +PEEbeRL CHEDHBOAM- 30 Comparative Example Another
adsorbent material was prepared by impregnating CaC12 salt into ACF
using the process 19 WO 2006/130113 PCT/SG2005/000172 equipment
e cHbEG BBV AR reference to Fig 1. The process was substantially

similasterhe ppedascriged im Example-1MitB:ibe expeptionstbatitheACkere
material was not treated with mei?anol.gls M Obgsﬁervirtfiﬁgns SEM {21 i
YRS RARG BlectisMIciSscopRPditidies Wetd TndeR KT REMERGSTial in
wsaaplexoidtheadgbrbertanaterialiin odtch iheweghtraiowt €EaGlREACHwt s
was 35wt% and 45wit% 10 respectively, Figure 7a and 7b.respectivel

TR CENT DhbtogtEhREET the Sawt Boand Ao BSER Ko eari iRy, B
pFgt éafbegitows dife 35vd YBSample atanthagrifidcaiorCal 1000Cand Fagpples.
a(ll) shows the, 35wt %,sa t a magnification of 10000, Eig. 7b(l).
e P v o 1S oo e o e e O B i on of
Ihovs and  Fig. 7a{II) shows the 35wt % sample at a
magnification of 10000. Fig. 7b{(I) shows the 4bwt %
sample at a magnification of 10060 and Fig. 7b{(II) shows
the 45wt % sample at a magnification of 310000. 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 l4a 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
woagufisdimages that the calcium chloride was uniformly deppeited;oms/ 006172

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

EM photographs.of samples,of adsorbent material prepared by Example
E%{ r?d;p mergi h %si‘sem. éﬁ){annc%zénllc S%ts%%}g%%ﬁ% HME

Vin the comparative e. It can rom fhe 25 images

that the adsorbegt majerial of Example 1. shews ephanced iopregpation, 111

of CaC12 as compared to the adsorbent material of Comparative
Bampteaketordingly, 198 enAdReSILimpréghutish bt @nc122sak intefhe the

£HEF vilar has esuliedin adighar adsemticn £apacity ACK 30 mateliainp 1 e .
that is capable of adsorption of gasses such as ammonia. 20 WO

hoeeredb 1 18P ETISERE05/060172 BrRmaTSysterha dynmiche ACE
Adsomtionsiatakigure £ shews apexpadaental adsorption system 111

for measurement of dynamic adsorption data of the 5 activated carbon
materighprepaipd il imnhabove:ekanpe. ithroughdbisexparimemmprised a
adso%?;ion d?t%‘of the ACF ﬁgﬁtion rg%tggalnwa%obtained. 1iheet conduit
ve%(?)% eﬁfla a "Ffﬁﬂgn ?ys? ’rcoii;nprlse a Vess%?ilzlﬁavmg q ey
thambexthatein. A gasdnletbenduith 2814 8 extends intotheechambere  two
aa sgo%on{]:? Cgs 0 tW]? iacgiseojggtio ggl'nd%rg(gn%t Sho%@i\gﬂi(:haare th% oG ame
eS|grP as the a&%rpﬁ‘on cylinder 1 déscribe ‘aboveé, expecic that the twd
delsdrptioraeylindess ard sespedtively dblmmdong 2Ad 3BGmmilbegl A@bove,
agsermtiop,maretial s prepaied nbedpetbed desariec I EXAIRR A 1 very
above was provided in each of the two adsorption cylinders. The two
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 c¢ylinders located 1in 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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adsorption cylinders located in the vessel 112 were connected to a gas

warblel 3d: 1Ehe experimental adsorption system 111 also 20 carmiNiSeds060172
load cell 106 for measuring changes in weight of the vessel (and

therefore adspratipn/desgipfion of gas; © andsirom tt&%égsom'}%fdépecu_vely

cylinders). The experimental adsorption system ill also compriseda
RegTstdfice PEmpeaturB BpeRBBARTD) 135 areimeniclat1opndwé 114

£snter of the vessel 442 fertggording the temperature of the adsorbent.
An inflow velocity sensor 108 was also provided on the inlet conduit 113

for meaSGrinPgas fow PHBSE TR (RE \EREERIP FrfSoutiBt Veiseitpir was
sensetl®was adspi 3 pravidest ony thesewled eonguilbhibfog measuing ve r,

as flow velocity from the vessel 112. 21 WO,2006/130113 .

ISETOTEB0 13T Bty RARRS YL E5,118) wiRFresp&RRE et was

rdvided wadheinlet eesduitibl3d antkoutlepeanduitdildsforsequiating gas 25
floxv. Thegpa.rtialgo_res%lre of ag onia%as in the air was 5 changed by
‘{/%rﬁﬁlge the fldwTate of AmMonia §a§ Gwever, the maximum partial
pressuraén thelexpetiment Waswmaintainedat lessthaadhevpper inverter
]rgxglogivneclimit ofr %% i\ém meOO{? in air fBlﬁogafg:tty reggg;gs. Tt}le \V{F%I meE'Elrril%1

[OW Tate Was ange %y an inverter 1"'rJequen y provigeé)on a blower “9°
¢adtshivirydandywass zaleufated by mbasunrgla dowwetocitis withehénelp of

inflo d quitf, elgcity sensors (108 and 110). .The

R e el (e S k)
Bxtendofremshetop dftibe 15 yessabddnadsorption Chapacitydif)ferential

' 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 adsoxrption 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 material 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
wasisquiian aterial provided in the cylinders located in the vessqliddas/cosi72
corresponding to a change in 20 ammonia gas flow rate through inlet

conduit 113. Fig. 9 is a graph showing adsorption capacity (kg ammonia
gaz p‘éFEgMHO as Tﬁtigﬁ% paﬁ%ﬁgsp?regali%ﬁi(h%%ﬁ% gdisthod
dasdyas ity. Hicande seendiom &igtd t ptiortdapasititance
t§5 inc easiestfit higrcl:%r fgoc\:/\i gelogirfy %%% aﬂ reﬂzi;lsjf?eqtt Paitial pressure of
nionia g%s. Thas a%vantaﬁeously gen Tound that when the ACF

adsorhegiipglenia) Wanane 02,04 kamoNaindGh  on  flow

adsorbent material at a temperature of 25C and a 30 pressure of about 1
vbaro@ b3 Kin). thenvesedyr niieina SxkipdeiACH adddptionviaaiitiall 11,

1wagnat subiecied 10, Cazla,impregpation, {he, ACE adsoptiopmatenalarn 2
adsorbed 0.09 kg ammonia/kg ACF felt under a temperature of 25C and
sgppasktresdidbout £har(10E3RPHEy 280 260671308 O0-15m/s was

rBGI{$E4005/0Q01 72 rAseRtdingly gusingthe SRC 13 iBRUNAEAN cylinder

method disclosed above, it was possible to significantly enhance the

wadsofdtiohcapitity Bfthe AR nidirialn Higiiem o BRGRS Préssitedffopt 2
pdepandentanfiow riyvelogity in the,adsorpting cylinder In1hessysies about
111, it was found that when a contacting time of more than 2 seconds
58053 flotv Y&G&E of less than 0.15m/s was required, the minimum
length of the adsortpti ncylinder was about 300 mm, and the minimum
%gﬁ’rjélt?é%\oH(ﬁaa 10 BHower providing gas through the inlet 113 was

3b0ut,§ %Om{rﬁe%f%.vﬁ:tgr%e@ldcsg rpt?nge%étlggﬁgxﬂ%%sur%@gntsggrsorption
etermining the adsorption

isotherm were taken by using a thermogravimetical
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 1is

given by the following equation.

8¢n / Ot - krav (Q—Cn)

where ¢ is the equilibrium concentration of the gas
and ¢u is the amount of gas adsorbed on the adsorption

material.

From the obtained experimental values of 8g, / ot and
(d-gw) , 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
wlatamgedoimwhich the balance for weight measurement and samplecIpecenci7z
were separated by a magnetic suspension coupling so as to allow the

Thrgegéuggrp%gsgqggéa@ 2 COrkosiye ammonia gas atmosphere. The

adsorption heat” was evaluated as 1078 kJ/kg-ammonia. 20 Mass
Transteg Coeffizieb RFay Armasb adasrE Bostficientdids dbtamsadrdmtion

sgrfﬁefe%?sgrpﬁ%ﬁ?ée raeasgment data. Adsauption ratedsygiven bytheng a
ollowing equation. Sgm / St = kFav (g-gm) 25 where q is the equilibrium

sepheentafiomerthe gaSTERd BRTS the’dModtur HaS atiiBrbtifen feunted
riadsamtion ypateriglzrom e ohtairgd;expaimen@byalues 96805065t are

and (g-gm), the mass transfer coefficient was evaluated to be 30 in the

thEn B0, 06 F1598.008 kGRS 2850200850128 PCTYsC20d5/800 2 The
ndbgiGasJranspatation dehickedbgsm-) shawys aa emhediment aapatave

transportation system 51. The system 51 inclydes a truck 52 havin .
a@EHE?EPﬁfétaFé’&rﬁ&ﬂ@%s(S@a?gé&%OC‘%ﬁd,Bag)Fmoad?l:?@d: Horedi THatal
amefabeentainers39a;30b,30c:308;30¢e) are the same design as the

metal container 30 of Fig. 4. The metal containers (30a,30b,30c¢,30d,30e) .

acco%ﬂ?glysﬁ%ﬁ}éelgdsgo pticA‘ty %e%sﬁéﬁ\)/in%cihes,ée&ead%%%ﬁ%?na%?ﬁ)l 1
pelisclased in Examplérdeaikove 3160 Theksy3tm) 30d4a6 be)useddo stoensport
i amﬁnonia Iégasrl t@g m%tgjln%ontainers (30a,30b,30c,30d,30e) and
trahERBH P fr8in pointi8 Bdinit. The conduits (22A,22B,22C,22C,22E) of

the remipectivendneitalsconfiAeABOa B0Z3NE, IREI0e) Aire-benreetartgt ive

mgtal containers {(30a, 30b,30c¢,30d,30e) are connected to a
common cutlet 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 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
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15 common outlet conduit in the form of flexible outlet hose 42, which is in
winithepmenimication with the outlet 40. The outlet 40 is connectet/sa;®05/006172
flexible hose fitted with a funnel shaped gas outlet (44) that is located at

1€ reaLpf the ek 82,20, Ihe qanduits (224 #2B:22C 2864228) 0T thenapi o

respective metal contamers(_30a,30b,éOc,S(ﬁq,30e) are connected to a
actramphifiet esndiftSe Rt fobm of inleBsasdsga B - wRRR T fhiffild ©f the

Lammynication with the,gasinleb 38 Jhe gas inlgt 38dp.connsstedie at ruck
flexible hose 43 25 fitted with a funnel shaped gas inlet 50 that is located
Sat the rear of the truck 52. The truck 52 is also provided with a generator

(46) tesuppiy poves dusing:the adeedptionand desorptiea, cyeles Thentrol
truck 52 also includes a blower (54) to 30 induce a draft inside the metal,

Sa6TtaMer30 56%s 16 UnknipGiaté e oS S RERGTHRR tHeOREtkT LA Ringt thin
HReeither adsermptioncoaditions andesorpten condiiopsrFhetiuck bRds ACF.

also provided with a control system (not _shown) for contrglling the desir. .
Ctor o o7 509 o 5 WHESOBEABO LS PSS 2008 0BT e et 19
asiiainersy30e0301a, 309:26d, 30e) taenahted adsarption oridesorptis ofunder

as in use. O er%tlilo Oféﬁg Cé)(g]tl’0| systgrsn ma b% Io&te%ig rthe E%binnc%ers
Rh&tuek®s2. wilf be appremarﬁrélg?haﬂ In use, he control sys?em of the
thuck, cedates adsanptionscondiiens within, Beonatad cGiineritb afflogh the

s to adsorb .onto the ACF._via,the sides of the mesh.¢ Iing) IS,;. The
Ci%%‘e?% iscgor%r?eé:%é: ?oﬁ\a gégsessolbrceoa%r?d p%lsees th%oé:%eﬁ 2%1?%30};@; mesh
qréssute rthroubhdhtedmmonsgadeinletd® wheretientershthmlpeatal  (30a,

30(5}9%5§§%%6},3%P§5,9100@£g,39§) tQ&%Lé;QEHQS 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 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 ACFE
and thereby reports to the conduits (22A,22B22C,22D, Z22E)
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 liguid ammonia) on a

vehicle as described above, for a 4 m®

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

capacity.
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wibemetabcisambers (30a, 30b,30c¢,30d

,30e). Gas is adsorbedrariSG2065/600172

thereby stored on 15 the ACF. This means that the truck 52 is capable of

transp(%g[&glg th§ sf%rgg gg‘?sség
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storage system on vehicle

sigrelgasgsuchas ammorfia fom differest localesnDedig of amMenia min
Table 1 shows an exemplar

y design

Bpesifications afo30 an an
on a vehicle as described
capagll% of storing 2000 kg
2006/130113 PCT/SG200
Ammonia Gas discharge

discharge line Discharge r
to 10 m3/ min as gas 20%
of discharge due to cooling

above, for a

POPOLLS

rmonia3foradge systeon(@as

atmosphere

aczﬁrwi@arrma@nja)i
4 m3 storage tank that

i onipatr859 of ds capamf&l/ ‘ég

ol

Discharge Dia
piel e T dittedmintax 50 ] Eﬁmrﬁaﬁnrm‘@

c%;;f%ﬁgi%%o{%er 20% vapalizgliQl, Amoun; «

4 Design Sy e&géc

b
ter of 25.4 mmc "mg Y

a&%

accompany by
decrease of inner

temperature and

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

assembly 121 described above
Fig 4b.

with reference to Fig 4a and

Table 2

Adsorbent

CaCl2 impregnated ACF-1300

Weight ratio CaClz / ACF

-3

]

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
wacormpanyby decrease of inner temperature and pressure RetoyaryiE®mo0i72
adsorber as gas To adsorber as gas 400kg/h & to 400kg/h container as

SH ) "-"9&%9”1 T&Pic 2 ‘\]'i 7S l&[éi Ty bpcbifiba_tiunb of-the _5
%gg&%t%]ﬁgl described allg%vg ith refefence to Fig 4a and Fig 4b. Table

“139Q Jeight ratio CaCi2+ACF40
Wt % Adsorption Capacity 0.4 kg-ammonia /?(g adsorbent One module

ﬁygigdg}%qﬂggggg; Outer/mmer diameter G360 ﬂﬁ]}gé‘iﬁight 295 mm

\Weiaht 20 ka One Metal container (nnp 100 kg 26.\WW0_2006/130113

EREFRE200ER00172 container of impraghaf&fadsorbent) Total Weight

obatsorpent pERA kg FEibwwVelaciky 0.15 a#seckiontact time 2 sec

&U&bgg capacity Flow rate 134 kW Btower Volume-flow-rate-50060-m3#ht
TONGL3E KW rate 5000 m*/hr

Power 23.8 kW

Fan static pressure 50 in wg

Emmonia Discharge Test Facility

Fig 11 shows a schematic flow diagram of an ammonia
discharge test facility 200. The testing facility
comprises three ammonia cylinders (142,144,1486) 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 therefron.
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 commeon 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 in pressure of ammonia. The ammonia cylinders
reside on measuring balances (not shown) to determine the

waeight and therefore the release of ammonia over time.

There 1is alsc provided a storage tank 160 for
storing ammonia gas. The common outlet condulit 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
wahowes; asecizematic flow diagram of an ammonia discharge testcacitiboososo172
200. The testing facility 5 comprises three ammonia cylinders

(142,144,148) that st ia ggs therej a ia cylinders .
(1'42,121:31,14% ar}e rgg)lg%qtzir\};gg/m})m\%%ed yvit%%e crc?n uits é%%]?clj%%?l?g A
RP{ck the flow et HRs thereftdm. Thelditfet conduigt@b2,163, ) ard.ners

(espectively d0rovidedonith buttesflyvaluesd(198.196. 1add 01y 1217 is
respectively regulate the flow of gas out of the ammonia cylinders’ _
eRPrtAEa 6)*?Grh51b%t|@t‘3é&%k?:§¥ (A62,188962) arercstlectedat ain this

gopuney1 gutievaondwhdA? thieughbthe butierfly:valvies (158, 186, 4%4) metal
e, 15 ammonia cylinders (142,144,146) are also provided with

Th C
TS AIE BrebE it yatigés (198 3852 to?ﬁ@érﬁjré”th’%hchﬁﬁééﬁ‘?nce to
niessine ahdmideniabThe ammonia cylinders reside on measuring

balances (not shown) to determine the weight and therefore the release

of amnioniatdves tiraer2@ Taerdisalse pyevided ststofage. lanky16C 6@y, the

i j T n.qutlet conduit 162 extends intg the
A3 e s ToSTIBEI QU ST PN IO .
nehduittl 66Paviay i butterffhalvad 68or ceguiating:the flaB@f gasdut are

25125 6 2k P0- 21O APOLI0 R RCTISCAIY/00472 There i

provided an assembly 121" comprising a single train of five métal |

containgls RO 30rE301,30J). Jhe singlg t@ir{;ﬁs%er[”@&%%%%:‘sfqnduit
identical to the assembly 121 above, except that in this 5 assembly 121
kére sttty £¥hRErafPBrmEtal EdRtaiRepaiA 136 Hedcribbe alsoseenbly

wthrrefesenced@ower 170. In use the conduit 172 transports
the gas from the assembly 121’ to the blower 170.

A water cooling circuit 4is 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 coolin§ 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 ocutlet
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 (164,186} 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 1is also provided four thermometers TI1,T2,T3

and T4 (not shown) at wvarious positions in the metal
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Fig 4a and Fig 4b. In this ammonia discharge test facility 200, the metal
veopnsainesm (80G,30H,301) are isolated and therefore 10 not in pperatianssoer 7

The metal containers (30F,30J) are able to receive ammonia gas from the

tank 160. The assembly 121" is proviged with an outlet conduit 172. The
St LBt PP extbhds TBRARNHSREmbl E21 S RHGRERER0. [Rse the
aileconduit 13 transparts 15 the gas from the assembly 121" to the

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

for trafibferringcacbbling watsrto and froit: thelcooling dishe 491 daeaded.in 192

f rati C iners. ( 30J) during testing. In Eig.
e R (T e T ¥ 102
Hinesy amilethe anfmonia cordeit flovehmasrare shden withlsolid limeS. water

£, sagfinagaler grcuitigalson fuid compynicaepwitb gentiioal -
pump 178 via an outlet 25 conduit 188. The cooling water circuit is also

rovidee dithidihodiet @BRAGIE 190RE EktehBs frohnthespiimpd78 fintana the

sohillerd80e Fwedhermameteses £184,186)-a7e provided on the conduits
(190,192) respectively to measure the inlet and outlet temperatures of

water 1gQflewing-intopand,eulof thayehilies 489. Theris alsorrrovifled which
four thermometers T1,T2,T3 and T4(not shown) at various positions in

Fh& methl 28 WA 2006430113 BHERB 2085/6801 BR Bntafici 2BA 512 2

Jogasiingnihe esip@sature vf the adsorbgat@ateralnkie cooling watsr are
ircuit also_includes conduit 192 that extends from the chiller 180 up to a
a(ﬂ:low e gs IR e W Aot R a st s I ¥stnte’ Sk water

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 (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 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,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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flowing out of the chiller 180. The flow meter is provided with an outlet
wapbebgit AAZsthat extends from the flow meter up to the assemblyritiioesnon172
There are provided two water tanks (174, 176) which 10 are in fluid
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m@pﬂi,a B9 cylinders (142 144,146) over time. Table 3 sumrarizes the

total weight of ammonia adsorbed onto the activated carbon materiat-over
time. It 29 WO 2006/130113 PCT/SG2005/000172 was found that in a
total of 38 Bekg ammpBiRvag adserked- WHeh carespards 13-48%Rfed  and

discharged ammonia from the ammonia cylinders (142,144,146) during

GRBEISGHT AL, Tapfee§rPtion  heat’ during ' the ‘test.

instance, for cylindex

For

144, evaluated

theoretically
average heat release was 14.4kW based on adsorption heat
of 1078 kJ/kqg,

kg:

release pericd of 10 min and weight of 8

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 i2.8 12.8 18.0
value (kW)

Predicted wvalue| 2.1 14.4 14.7
{ ki)

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
assembly 1217

test confirmed that the

disclosed herein is safe for ammonia
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5 Total adsorbed weight on adsorption mesh cylinders Cylinder 142 144
wid Googitial 1520.6 111.7 128.4 weight, kg Final weight, 108.6 1900stb3¢8/000172
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 adsorptiﬁn I%.Fat f 1078 kJ/kg, release period of 10
min and weight of 8 kg: 8kg x mih- X 60 sec) = 14.4 kW The
experifminal vadirecof=ddsorption kedtlwas 15wobtaiaeddytheciated that

t erature difference between inlet and ;outlet temperature-of wat
k%%%lv%gsa%togﬁd%%%o thgogﬁllerﬁg%arﬁﬁl%plijéa bf/: BeS ow %\Jf@mragﬁé% ACE,
Cemparisoprdf prédictedahdrexpesmehtal mdsgrptiGiCheat sArhmemia during
GAndeRd 7,3 SPelmenal e 8% 18 A value redicted yalge

9.1144 142.7 ](k ) 20 It has been degmonstrated f[rggt%\g tes‘qtgén ass lélf)wﬁac12
BypTapkad iR nfdstef #RIhdE of adskiplietiwas rémeobed byahperatures

£Raling,water, g tesheenfirmed thatdhe sassembly, 121  digclosed pergin ¢
is safe for ammonia 25 storage and transport. 30 :
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 inte 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 hvdrogen 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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WO 2006/130113 PCT/SG20051000172 Applications Advantageously it
wiglk@lsesoe appreciated that because at least some methanol yg-irgedos/con172
from the ACF, 5 the concentration of methanol in the ACE is lower during
he CaCl2 impregnation step. This s that the CaCl2_impregnation
é?e%xcea%logee cBRdUT gc‘lln‘a}l? ﬁi%ﬁer‘%se%%atﬁre%nar?dg o sgﬁegﬁ%ﬁ? ort the
significentlgaeduce risk of explosion or fire by the methanol. 10 An
adva_ntﬁggloé tllesd',§10|?1§aeéjde r.’@lg)oc% 8@[‘?& aa%mcpnlr re%(la%ho?dat gtrials that
provides improved impregnation of the salts and scalability to [arge-scale
apphcsions. ARotlidr ach@nttye ofgdiambddimentsof the distlosedef the
gnbpdimentsjs the bigh adspmtion gapacity of 13.the ma rial, The ACE  of
adsorbent posses superior adsorption capacity and workability. The

aAseHRPR tmaletfet EaR be eddiy shapedl inkrrnias foAASSForrexampldly
e materiaheyhbe easily ssedie produce Adsomtion cells g 2)- They 5 v a1 e

material provides higher 20 surface area per unit volume for adsorption of

AP R s i PHs Gy BTN b ORd RFR 58 Sreatment of the activated

carbonrmaieriel With a-palar-eiganien selvertprovides i eVethdi fications
impregnation of activated carbon material. 25 It should be realized that

el diSEIBBEG BiiBbRlintdnts F it A fIorB&Ht nidtdrlal Bsn GEldedfor to the
pesediinggaseseetherihagrammonia, sgefeas hydiegansulfige, sgiWegoing

ioxigTe, hg/drogé{e.n %hloride chlorine, nitrogen oxide such as NOx, etc. 30

hEHiSEBSE BhbdtitertS Bf e Aot BERt nidterisPprovide R tisaiPPe of
eihd shferalerbative frhigh piesseielcghssiarage Of ameeniaodifications
%&;rjg'%% 18 et matergl may e used It et e nded

claims.
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31 WO 2006/130113 PCT/SG2005/000172 therefore particularly useful

waheodused: to transport the ammonia gas. There is a need to peowEte 005000172
adsorbent materials that  overcome or at least ameliorate one or more of
the 5 disadvantages described above, 'éhere is a need of adsorbent

materials that can adsorb gases reverSibfy-"posses higher adsorption

capacities and facilitate adsorption and de-sorption process. It will be

iappar%nt th??t variou.}_other ﬁr’godlfications 1% and aézlggtatio%se of.t

frivention Wi B(é)%b%ou? o’ %Crﬁg%oﬁl Bkifte ?nrtlﬁe art after ré:&(?}:rfg fhaepable

ddireguisg mtisclgsufd witHout tbpartimeffnon theogpgintianichscopdef theep of
invention. It is intended that all modifications and adaptations com .
o e e oy e A TR0 Yoo suna: CPfanic
FOTSE2005Q001 72nplxbom at Mogetivel ciprddudingiasadbomenaterial
Jmatgrigl capable of adsorbing fluid, the method comprising the step of 5
exposing an activated carbon material to a polar organic solvent before
impregnating the activated carbon material with a salt. 2. A method as

slaimeg in.claim 4., gamprising e step 1Q pfremovinglleastaPartion step
of the polar organic solvent from the activated carbon material. 3. A .
Phethbeavdaied in @t conpRSIRGIRE st&f of ilPod BGAG the S&anic

i0 tha-activated cathonJmateriat 15 indhe presence ©f an aqueous

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

3. A method as claimed in claim 2, comprising the step
of introducing the salt to the activated carbon material

in the presence of an agueous solution.

4. A method as claimed in claim 3, comprising the step
of removing the agueous 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, ceomprising selecting
the activated carbon material from the group consisting
of carbon dgranules, 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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carbon material. 20 5. A method according to claim 4, comprising
wantowratangithe adsorbent material. 6. A method according to claimyskz2065/000172
comprising selecting 25 the activated carbon material from the group

consisting af carpon granules, carbon fibers, carbon nano-fiher, graphite, |,
ntor, B R s CEEA e, Eabort ol SN oA s TRt Lng
t30:7. pohethod ageartingdo Lledms 1, fommprising selectipy adows tathiong of

rLorganic sqlvent as t I nic 3WQ 6 13_ .
P o5 BN o, K Mt ordhog Cr el 1 Somandage eids
agefegtihg tthegsoldherganic-solvent from the group consisting of alcohols,
ethers, aldehydes, ketones, carboxylic acids and mixtures thereof. 5 9. A

method according to claim 1, comprising selecting a low carbon alcohol
%s theBolee BRgshi@SEI0ERE-10. A fhefictiatcérdingPirdlaifd Dowlseréprting

dhe low JLOearhog aleaho] issselegied 5&1%5?%9!8&8&8“%@?&%% .
methanol, ethanol, propanol, butnaol, pentanol and mixtures thereof. 11.
A method according to claim 1, comprising selecting 15 a metal halide as

the salt. 1A mnthod aeserdling;to elaimdilagampaisingsplecting thee 1ow
metal of the metal_halide from the group consisting of group IA metals,

GOt NA &R End' Grodif VAF 58 et b P Sili® Tane v Sting of:

riemeantsi and mbdues1therept dsaAonethodhaeeerding to glatmtddocl  and

comprising selecting :
mixtures theredt.

11. A method according to claim 1, comprising selecting

a metal halide as the salt.

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 mixiures

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%, about 15°% to about 40°,
about 15°C to about 30°C, about 20°C to about 30°C.
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- wihashalisla @f the metal halide from the group consisting 25 ofgluptgeses/eon172
bromide, chloride, iodide and mixtures thereof. 14. A method according to

claim 1, comprising undertaking the exposing at a temperature inthe
1PangeR 30 ¢ fronREROGIBEBToNnsi8hng offdBbHR 10Clto abstRBRTLsing

uAbAIDE iabeu50G, tieC o-abaut 40fe ahou 15G 10 ghaut range
30C, about 20C to about 30C. 34 WO 2006/130113 PCT/SG2005/000172
Sed o8 HRth JeF e oty BRI CeBMPAsHY unBértakinythe dxpodiRy to

aBbypresswyedn the, mnge rselecteghsam the grayp gensistingnf-abedt BB out
bar to about 4 bar, 0.8 bar to about 3, about 0.9 bar to about 2, and
2abGitd. 6880 SboleE. 16 @%’Eﬁodlaécording to claim 5 comprising

undertaking the calcinating at a temperature in the range selected from

the group consisting of abpout 100C to about 500C, about 150C to about . .

00 Pl BB 15 SEEL HBOES ab R bow 6 BRI, R Laking

th20Cctalabious 806G, aboud 15REteabout 250G rand BboutibdE teelected
bout gj%c. 17. An adsorbent material made in thod according to_ . .4

%8% % . UG af Fodor él’nrf%a?eria?%% e if\1 arg r8ne h%cé) a%}(r::)(c))%%lng 80 ot

atiaint 1, ¥6108dsorptioalsdatfuich A% Usebbartadsdfent materiabut  400°C,

ccordi laim 18, . wherein the-fluid_contains selected from 0
aé%r%ﬁé %@s&ing of nﬁﬁS&En(gﬁ’t@)%ger?%b?? astulfufr% E@;ﬁ H% ro%gﬁ‘%ﬁ),@so Cs
abloting $CHH uovine (Y tc#bO6AIC) and  edrehinatidi®’ thereofaBOutse 00°C.
according to claim 18, wherein the fluid is ammonia gas or liquid

ammonia. 35

17. An adsorbent material made in a method according to

claim 1.

18. Use of an adsorbent material made in 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 Nitrogeni{N), Ooxygen {0), sulfur {8),
Hydrogen (H), Chlorine (Cl):, fluorine {F), carbon {C) and

combinations thereof.

20. Use according to c¢laim 18, wherein the fluid is

ammonia gas or liguid ammonia.

35



