WD 2012/ 039683PCT/ S&2011/ 000328 A POROUS PCLYMER MATERI AL Technical Field
The present invention generally relates to a polynmer 5 material that can be
used as awmoadsgrsb@st for the adsorption of gas such as eamrlonodjoossgle. The
present invention also relates to a nethod of meking the porous pol yner

mat eri al-.. 10Background Fossil fuel.s represent the main source of energy for
the past century and thi sasPoORaUSORPOLYMERK MAXERGATONt I nue in the com ng
decades. The demand for fossil fuels today exceeds 5000 gi gatons of carbon
per year and creates 15 mmjor concerns for nature's carbon bal ance and
which instigate or inpact on glbahiGshimigighange. Wiile it is inportant
to devel op "carbon-neutral" energy to 'cope with total energy consunpti on,
advancenent i rMrhechnetogi esnvehétied penearbdy caprues dmd ssqrplegteati on
(CCS) .are 20 equal ly inmportant_in addressing_the issue of obal _.climte
change. mater%w@ p‘?l}b%téssc%? i ne° <& r ubbi iy i%é%%%o%?tt P Tost " Cost

ef fecti vead@t hodsogcubrenidy avahl ald echepramme gathon dhexigie-d4rom fl ue
gasses such as those emtted by 25 coal fired power stations. I'n am ne

scr ubbi ngiNegN R 0aS SSolnftlictit of tal Radsitdificheof stiekiag &P30 RAr@4s

nmonoet ha éﬁ%é’n@ &%‘F@Qiai? used to absorb carbon dioxide via chem sorptive
formation of” a carbanate, carbonate or bicarbonate species in the presence
of water. 30 Regeneration of the ami ne usually requires the application of
el evg ed tenperatures (100 Cto 1%0 % to (cgl eave the coval ent bonds between
the arfine group and the carbon dioXTHE Y *Thereby rel ease the gaseous
carbon di oxi deradig: 1 eggnesatepthgcanl Ree The nbonding enerdisaspfrot hese
coval ent bonds are typically about 100 kJ/nmol and hence the regeneration of
t he am netlexpeagis stghificant &hénsgy iftalads drerifed dee bhe @ eddrgynyrenal ty")
e ProcesfsoboARREr G, Ly Do, I 98084035, Accand) nalone S48

di sadvant'ages of “using |1 qui d ami ne scru I'ng 1 ncl'udé the corrosive and

vol ati | e statex@s of 5000 neignd drize atoreaebdn onetr hivglh renengy qensidy.
Furthernore, a liquid amne scrubber requires periodic tog- p of the am ne
sol vert diRIH |GEECHINT he A4 qiicd i e GGFPRE tﬁéliécﬁas-%%r Ubbi Ty and
regener at on: PLOCESSy EmPactE¥APENALLVE Ji9588S dJiRakade mehe ikhissin turn
translates to increased operating costs attributed to the need to

peri odi calhyorephentshdeielbpqlicd ravinmesuAsedl diemgingy sl iaborbeiit s have
been proposed. as_15 alternatives.to conyentional |iquid amne scrubbers. In
this rega\;%fa%er?ré‘ﬁrng%olCfodnSchljrf1 éﬁ?%’ ha?/%v CEn %En qrtlodfbeecrpé ele% Ve for
carbon di pxigecsepay atbeBoandcepptivee.arld parfuesitirarioa nuober aofrgorous
systens have been investigated for carbon dioxide capture and numerous 20

f unctZlonat bl ani HEBROBF2RE t r bYen?FFERSSHNY d thait erF2R Mve PP Y eported
to demonsty afe- enbanced carbon dioxide uptake property. Known solid
sorbents i nclude activated carbon, zeolites, am ne-nodified silicas, hybrid
crystal line sdaThaspfosach as NetalneOr granileh Frafrewer kse2®f (tMEP)moFeol itic

| m dazol e_Frane ks, (ZI P) nd.porous_pol yners_(such as .Coval ent._Organic
Fr amewor k%oiﬁdiﬁmg%%}%%at%%%% op%‘fl%ﬂégn yn%Yél#‘%ﬁ/JFﬁ and Fyperc
Cross- | i nkegb ol ¥iBrsaéHERbN Fuld hegs@se, ssohi dssenbert $mitted by

conpri si ngnmel am nefunctional i t yobt ai nedby 30 i nmobilization of melam ne on
the Sarfaee@bf HoFdlis BP¥eea DFaThedt por ation Frinel TR AP MD a TOP

Structur e, hays, 2l s RRen.Pr oRosed bR nhR gLt Louever, tLhesg mpsopor ous
sol id sorbents typicall'y require conplex synthesis procedures and iInvolve
hi gh produstéoerheosisnine (MEA), is used to absorb carbon dioxide
via chemisorptive formation of a carbamate, carbonate or
bicafbonate species in the presence of water.
30 Regeneration of the amine usually reguires the
application of elevated temperatures (100 °C to 150 °C)
tc cleave the covalent bonds between the amine group and

the carbon dioxide to thereby release the gaseous carbon

dioxide and regenerate the amine. The bonding energies of



thereby limting their applications in |large scale industrial use.

Pol y- el am ne fornmal dehyde (PMF) is a known copol yner material that has
been w devp 20pad9@s in plastic 5 | am nate and overl ay nmecesicabdjooisher mal
i nsul ators, sensors and | enses. Additionally, porous PMF has been
considered for use in the absorption of compounds such as benzene and

wat er . HOWs&S , CRHOWANPMP NSl narandvPaans L§r cdrtdd bYO cbAVBAL G

met hods, .e.g. t_ 10 te a ar. hy. sal - pr : ypically
possess sktljer a%e%ggegée%%q{?re%tsl%%gﬁk 133“3@%%%%?%8{3%‘/& ssy(}f%qﬁzgl%s?rttsi ng

col | oi dalesétdgea t£gd atesrniraye amanaged tenexbibipehdgbet) sunf acehar eas of
220 n2/g, the total surface area is still insufficient forlﬁﬁgforning

ef fecti veP|RE®I5 Qés@rtbici%n%c%r?%%ufjtl,oxtlﬂgsegap%rpus S % s remai n
unsat issf act ory; §05fAPLLEat bRILEREET 13kS i oL AdEorRi M rAaReSs: iuGluas car bon
di oxi de. Furthernore, synthesis nethods involving the use of coll oidal
silica tenptatesreveiad soanonsvaderably norteironpiex amid ¢ ack@0 Seal e- up
potential . One study.disclosed a parao mel am_ne- ol yner forned
froma rée %??%%e%%f%%%% néﬁ%hingnsﬁayargﬁpgﬁﬁghydesfq¥ﬁ?%§%%?%ﬂs =

mel am ne- bagedd polnARy  iss riepert ededoi exbi hidriigihc supbace aseastiod about
1,000 n2/g. In one 25 enbodinment, this Eorous nmel am ne- based polyner is
formed framiacreatveroh BEEwesh ifiam hetBRdladeorbPRarFoF G Tt - tri -
phenyly al debydes. o onieg dtauback At Ll 8B Amae: Aldlehyde-nalyimr 4 that,
due to the presence of the la ge aryﬁ groups in the pol ymer structure,

| arge and1@8sésr eglibakapat ersticti al §paces imay tocwur wwiars e tde pod yner
structure, t hat arg thought.to i ncrease %he.ﬁore size d redqg%ngtéhe t ot al
surface atRarSERFEheriofet tifhe Prasence of ‘Yarge aryl Yroupgs decreases the

density ofetheqapineyfungtbanah groupsqavai habhe.for reaction with gas
nol ecul es. This in turn nay have an adverse effect on the effectiveness of

the pol yner ifRAoseddinglyas sbsist pePsRenNAGot FRYE dPAMPacRTBPCERE abdve
di scl gsed [ m.ne- ' r ;s the i vel [ o 5
assocﬁgteﬁggf?ﬁg%gg%%rﬁgb ?§§9§?€fé%$§e%§ gggré%g%%%tgsr¥bgéggfnqgiother
known net tiods okegaking carmelanmspéibasedbpolkypmerve todwas freer proposed to
forma PMF Eoléner aerogel b reactlag mel ami ne with formal dehyde_in the
presence BELECEEYBNg FodFth Py dFORFIEShaP TR Y5t 2Ph AP0 "&quetlus
medi um  Houevery)fhe synt heshse ret Bed igwolues aysubhbpl exskep weogess,
i ncluding at | east one pH nodifying step and a curing step. The sodi um
hydr oxi deihusettaeakgst faksocareds télipeldruteabived] BRA pHIMEREF er such
as an,acid. The sodium.hydroxi de t al, _in_the ROUS j results
in hgﬁfox?ﬂgc ﬁﬂ%??%ﬁ%?iZ%T}%%gofﬁ$hglﬁikgégngléﬁouﬁggggta%%%gg %f%elanine
groups ofhthe pereducegoeress-to rnkedrRVratEhermadraed deafhmctdomaldeati on
renders the PMF unsuitable as a gas _adsorbent for,%%i%%ﬁ such. as_carbon

i e

di oxi de. PRLEGEt RHEIRSHEY -dubRPBRt KO LA tFPFeciteps HrotEssSand t he

need to Neytpshize the sadim Nygdnoxt deodaseqt he spnacass | s Mptrseitabl e
or is at [east 1 nhibited fronbeing used on an industrial scale to produce

porous PMEryacebdidnaglsoliderd i suahnewd MetslovPdeanlaovielansvepks d
sor be terial for. use as_a gas-adsgrber which o east
| rhBEhS A0 PG 200408 R ke Y TR, el

anel i t'ages nen above. ‘I n"parti , there
is a needpbOypEeYi desaphi ngxpensi¥eesol | orgos bentrfaneusekas eC@as, adsor ber
that is durable, exhibits high surface area 30 for adsorption, is

rel ati vel §oBaSy2E8dsht HedR P Bhd PPeyBRéFat ECMFher@d sIFRFEherZOHeed to

provi de a, ;efhgd E8£¥HEQQUCRH@8§PiS SOb fh SOFREAL . UMM Ysorbentd N 4

first aspect, there is provided a polynmer material conprising nmesopores
ext endi ngcbepweehngel anmeéamine functionality obtained by

30 immobilization of melamine on the surface of porous
silica or incorporation of melamine into a COF structure
have also been propésed in bthe art. However, these
mesoporous solid sorbents typically require complex

synthesis procedures and involve high production costs,



5 formal dehydeco- pol yner nano-particl esand wherein m cropores extend w thin
t he co-pol yner nano-particles. The conbi nation of the nesopores and

m cr opor esoreruisba3i n a very mel am ne-fornmal dehyde co- pekyrseromionds2a very
hi gh surface area. The disclosed polyner material 10 exhibits a ; high
surface area, a well-defined pore structure and a high density of amne
functlonaﬂh@MQMps lidvahhggestsly, owmgicatienshi gh sdef@ce a3ealet he

di scl osed, $ % ¥%fas been found to exhibit a high rate of CO2 adsorption
and desorﬁ$ Bt tHE€F¥ more, the amine 15 functional groups of the mel am ne
uni ts can formyeakhyrbhndé ngr bengsdah fde . 002unpl ecyll es (havimg ¢ow bond
energi es between 15-26 kJ/nol). Advantageously, the disclosed pol yner

mat eri al @@hY%%Ir@@éﬁé#é@e@héés@@f Feahev hds Ybééeétﬁsgdéld%ha%%l?eadlIy
desor hed p ed t r.ial, , by
flushFﬁg g%ﬁ aﬁplng% géégﬂé‘gnkégﬁ%ggigﬂﬁe g??%ﬁ%%éd qu?%%€yﬁaterlal i a
conposed &fnsendi bydaveehadd £ arbdd nexpensiye mawonst ePNial $1,aS| leeenmel am ne

and formal dehyde. Therefore, the dis Iosed pol y naterl i s cost- 25
effectlvec?%sﬁ?%ﬂﬁﬁe AhdUEEnBe G§e& §I§’€fﬁlé§§ ﬁ“é nt®and to

provi de apealLeL nahkV e i@ exi Shblgvki-quih R §1@FUQE§&§5 Aind heosage tine,
the di scl osed polyner material overcones the technical drawbacks of
exi sting Bobddcedr bent scowi eht exbibi tmeowP30, sueface areas $or a@5orption

d h I
The ol ynEFTRRT EFF ol by onii1 Soh Ui ee- &ren BIPHF1 DASIo300 nR/ g, I h

anot her eg@@ﬂa@@néreabeoﬁoum@r thaterlical nrey .pogiesis apbsmr£3aIeEhesasea of at
| east 600 nR2/g. In_yet another enbodi nent, the pol yner materlawflaij possess

a surfaceué%%% FRLACEdRde SOl HPoM BOO 77y 18VE, 66298Fg.t AdvE ousl y,
t he largeh§glr1%§0§u§rf§ée' %xl%ra%\“cﬂ@dzm khﬁgcoeﬁbn%tdt%rl ofudde-S gesgpores
whi ch exten et ween an aggl onerat ed mass™ of nel am ne-f or nal dehyde

co poIyneisnaﬁolbérUuﬂsﬁfﬁmnimﬁe nf@!op@ﬁe§0wﬂﬂ®h(Dﬁﬁﬁﬂfﬁﬂﬁ¢nng@he

| dehyd I ticl th Jh
surfa e a?géggPFgﬁg eh%opggyxggr ?2?| ar%gcaﬁzor%erggégsITa qgan?%??es of

gaseous cospounds unehatis¥e cdtterknowbpol yaericeetes alntefrials  for
mel am ne-f or mal dehyde co- pol yner nano-particles and further inproves the
rate and @REerblipd S hsEUFE ofS Fora ExhpI%e, CX 1 -di sclesEe poPyRer

mat er i al gg}{tf?g y§egxe%§io@% adsprbent , maher i ale i Bet he hahrdcation; 15 of a
solid gas scru B or processi ng |gh t hr oughput waste gases contai ni ng
hi gh conceatpattess afe carllson dpoxiderably more| ranpsgecondnadspéetk there
is provided sor bent terial for adsorbing gas conprising the polynmer 20
mat erq Al ﬁgagﬁéﬁPiBﬁﬁegg é In a third aspect, there is provided a
sorbent materighef @tuagse:idipBas £0PBLbSIsNGneAnnaGH Wyt i 901 pher
mel am ne-f or mal dehyde co-pol yner nano-particles with nesopores extending
bet ween sé@émﬁénofﬁéﬁtlé#esf%ﬁ@FE%ﬂwméﬁéWﬁeﬁlcﬁ@&@ﬂ@@eexﬁgﬁﬁ WRERER the

nano- part va e t [ Sy
|ncreasesggh§§%%§?lagﬁgg gg?§§g g?gg&?bEpfﬁgﬁ§gﬁﬁﬂ%$ﬁ%£?%$,a% tgk%gntact
and adsor bot behfjast oni ght hersacéaeecob bﬁeapohynénOﬁﬁthI@I. Fur ther

advant ageousl t he 30 nes es caused, b t he aggl onerati.on of

nelaniﬁ' FBPAEL A8k det@6ﬁoﬁgﬁﬁﬁ“ha%% APER %@S?ﬁ %Qgggefhé' g?ﬁWF porosity
of the DOHB?%raW%ﬁE:t%n bherehy alhowing gasess teodsaedyidd owethiough the
pol ymer material with minimal or negligible pressure drop across the

pol ymer naneérkal- phenyl-alidehviegrt Prgspeawbatierel i shps oV HeEIPAe use of
t he pol yne rlal a ai,red t he r orhesa gas. In one
enbodlnen?idgﬁg8 ﬁ%@n:% égfb%%ggiof?%% Fnagﬁgt géé%hxnm %entgﬁthe gas

may be canb@@enungmldgroﬁpslnlm.ﬁﬂﬁﬁhpa$pmet dtherecuse pr deirded andet hod of
removi ng at | east one of carbon_di oxi de gas and carbon non X|de as froma

gas st eanf EBAYAPRI ng SA&FE At PéastSRAfEOf BaYbol °Ei"dxi d nd"€ar bon

monoxi de e st nod conprisi Y.t he iR of o coptackibg ttrree 8sestream
10 with agggyﬁﬁgrsggfgrlal as eflngd in the fI?St aspect aboveﬁtoeadsorb

at | east enecofrsairkdaribon thexitddadassanticcar boraronokidengasorfer eon.

the presence of large aryl groups decreases the density

of the amine functional groups available for reaction



In a sixth aspect, there is provided a nethod of making a polynmer materi al
conprising the step of reacting 15 nelam ne with fornal dehyde in the
presence wb 2a1mBM68aqueous pol ar sol vent. Advant agequsicGeo11tohes28

non- aqueous polar solvent is selected so that the reactant m xture of

mel am ne and fornmal dehyde are soluble therein. As the nelam ne and 20

' f or mal detifde cesct mpheguiepm tHels esl t itRgNcopaly VY héPed T EPTSPME
polymer") is insaoluhl.e or_ha r or_knsqoluljl4 in.th e d
non-aqueoeu%sé%%ﬁ vent btahned ﬁgﬁgétgggéle{%%rero%a%gfa&ﬁie}%%ff(l)%m S%gj{ ﬁ%ge

M Ccr opor ega £xXteRdrpg ibher einbtilde Hiradpekoust cepel wirerve25d hanbpasti cl es
t hen aggl onerate and adhere together to form nesopores therebetween. The
sel ecti orP¥Oas non! aftedu288fvEARL YRERderss thife J?%E%fﬂt‘fefﬂgy PV hoF§Rer

Si gni f5] Caldd Yo 10E &4 Pof s, 200, hawkngnd Bgher aublaece aceardresto 1ts high
porosity relative to PIVFFI) at 1s 30 reactéd in a pure aqueous sol vent such
as water. HoweVer anithshowtntbwe meahiozed £ haekwhil & thelahsed osededet hod

reacts nmel am ne and formal dehyde in the presence of a nap-aquepus sol vent,
an aqueoﬁgf%q‘%]éht Huch®ss &/ﬁ%@r_ %9P8F§§ biopré%%%t 3 ngpﬁe %ggtn%ﬁts.
Advant agegaisbye1t g, dirsekesed mathadlins diifegt eth Angvied«Is, e SiAP| €heone- st ep

synthesis of PMF polyner, which is easy to)jhi‘rg)l enent and can be potentially
scal ed upP¥orereeustr paPtappRi cRCGIGHs NFERPHES dfaht ayedusty, 1B Bhe

di scligsed, geihiod 18q¢aabl 8ok RGN QUG fhBprous My he! v, hayi g the

advant ages e polyner material describe , Including a high.
surface anebtopléroeS800 pap40, abouic A0 nRAYy, alakedi nednpor epH

structure, hjgh capacity fo as adsorption ang, ease of 10 _regeneration.
Def i ni ti'dﬁ%dlgymgTﬁEePolair@vi %g%ﬁﬂ@ and R er n&hﬁse%oci%e i?]y(gﬂ%ﬁdﬁave t he

nmeani ng iwdicated: ; lodhe de5dn audace.arex’ aswsed dided heycont exti of the
present specification is taken to refer to the surface area as determ ned
by the BrowautieEmserth Tl | ek ERBEP). nBhhodo@iSEFEMYdrashidh ¢Fa3tahEsst andard
measur.enment of rticulat ur f area by rosi.netry i ques 20
and a8 wiT be Wl | KnoweoEs perSengln 13 T The 4it. ﬁ%§§§§5§§ed in

t he BET anahysisnésitypieal | yfnithegenridging Theouber nbénesepor ehe and
granmati cal _variations thereof, as used in the context % t he present
speci fi cafFbAMi et SKEHRD Péf eF 1Po POPRYCTEsi TN Wt HIGH 2 Mg“-poF frer

material having; @ PenLg-di BABY ¢Fa 35 nNBASIHAD Wik ther BIkknpthods gF between
2 nmto 50" nm The term "m cropore” and grammati cal variations

t hereof a3 ugad i adthebeoht eXorof damepr exvert speci facheiondigxidRken to

refer,to pores residing wthin,30 _a-polyner nmaterjal, havin o
di angtoer,p‘égtkﬁ%ﬁrg%%d 3}13 %ﬁetﬁmerlrle]tr{hléy,e o?tefgsnmlrgrt %sé.rg‘?/%'g &
2012/ 039683LPCHe@01 3/ 000328 1ize thHe betmuhnanepasitidt e'baard gtasmati cal

variations thereof, as used in the context of the Ere,sent speci fication,
refers toPEOHBEF ol eBF arSEthaitk®ir 87F ot fred ™ r 6B AC pl i S2 of TFePeat i ng

monomner u@éiﬁg LB Lhe pangurker;kange 0t kess tharel JHrehanomr.

Accordingly, there is a need to provide a novel

25 solid sorbent material for use as a gas adsorber which
overcones, or at least - ameliorates one of the
disadvantages mentioned above. In particular, there is a

need to provide an inexpensive solid sorbent for use as a

gas adsorber that 1s durable, exhibits high surface area

30 for adsorption, is relatively easy to synthesize and
regenerate. There is” further a need to provide a method

for producing this solid sorbent.



Thewor d"subst anti al | y"doesnot excl ude "conpl etely" e.g. a conposition which
is "substantially free" fromY nmay be conpletely free fromY. Were
necessar ywot2he/sedsd "substantially" may be onmitted frompt@/SGhel1dedi2giti on
of the invention. Unl ess specified otherw se, the terns "conprising"
.and "conprise", and grammati cal variants thereof, are intended to
represent "open" or "inclusive" |anguage such that they include recited

el enents but also permit 15 inclusigon of additional, unrecited el enents.

As used herein, the term"about”, (T %ontext of concentrations of

conponent s of the §oraulat i Qﬂs%)eéﬁ’p' Gald de MBaNS pHovi1a%of at heostated val ue,
nore typically +/- 4% of the stated val ue, nore typically /- 20 3% of the

st at ed valajesr ok ecoppréalng, me/sozv@%e@f qxreergim@db%ww re@é@mmee
typically f .the at | ue, ve re ty ally +/-.0.5% of
RAPHET R G TS SR g LS T D e

the stated Valu roug iS dISC osu odi nen
di scl OSednidf’[r@dSﬁélgeef(ﬂéﬂﬂt mthlshoubdcbepun@mwt aadot-battt heedescri ption
inrange format is nmerely for conveni ence and brevity and should not be

construed as éﬁh$nf¢%%PbP%tFPﬁlt%floﬁh%n FRECBEEBE ofNEheMHT5EPRERY ranges.
Accor dinglys, the deser oLi,onof.qa fanasshol,he 30 considered: £ o.have

specifically disclosed all' the possible sub-ranges as as 1 ndi vi dual
nunerlcaPV@BYuéE&NWthunfahatéﬂ&ﬁge Ther @kxanppesddesdninplri onavéraatange

such s from1l to 6_shaqul be con sidered to have specifically disclosed
sub-r ngé%qu%ht%s ?roﬁ% ?ﬁ?20?5?6396§3PC#$§E§%?§? 328°ffom1 to
4, from Isteudsufs 0ahd 10 rfhgrfr@@’maitp 6.f fanOMe3 tond: Bital @sousl as

i ndi vidual nunbers within that range, for exanple, 1, 2, 3, 4, 5, and 6.
Thi s applA¥&Heyae et @5%, of OVhBIbr BAdt htof Ph&hrapgeface’ area, the

disclosed polymer has been found to exhibit a high rate
of CO, adsorption and desorption. Furthermore, the amine
15 functional groups of the melamine units can form weakly-
binding bonds with CO, molecules (having low bond energies
~between 15-26 kJ/mol). Advantageously, the disclosed
polymer material can be regenerated easily as the
adsorbed CO; gas can be readily desorbed and then purged
20 from the polymer material, for example, by flushing with
an 1inert gas. Furthermore, the disclosed polymer
material 1s composed of readily available and inexpensive
raw materials, i.e., melamine and formaldehyde.
Therefore, the disclosed polymer material 1s cost-
25 effective to produce and can be used as a CO; gas
absorption agent and to provide an' alternative to
'existing liguid CO, scrubbers. At the same time, the
disclosed polymer material overcomes the technical
drawbacks of existing solid sorbents which exhibit low

30 surface areas for adsorption and which require complex -

synthesis procedures. _

In one embodiment; the polymer material may comprise
a surface area of at least 300 H@/g. In another

empodiment, the polymer material may possess a surface



5 Disclosure of Optional Enbodinents Exempl ary, non-limting

enbodi nents of a polyner material according to the first aspect will now be
di scl osedwol0Rnsgsel ymer material may possess a surfacerarss20ii/oai32s east
300 nR/g. Preferably, the surface area of the polynmer material is at |east
600 nR2/g. Even nore preferably, the surface area of the polyner material is
in the rangeaobf6@@ Mgttt 02606 /0R/ gInl geanenerhedi srbbdihbnthethel ymer
mat eri al naX Epssess a surface area of 400 M2/g or nore, 450 nR/g aor nore,
of 500 n2PGl8MShof@tBE5GnF3y OHHIT dISEBEENR/YEOF HBrd, T858enPlg or
nore, of 08 2@ op2 fpreo A5G g/ g2 AF. MOnRyy BAQ B G 1QF, NDLE, l§§%enﬂ/9 or
nore, 900 n2/g or nore, 950 n2/g or nore, 1,000 20 n2/g or nore, 1050 nR/g
or nore, andfack00amleg dis mprevided DFhe tinel agiongifetiehdehyde tbe- pol ymer

may be. conposed of repeating . units, of a nonaner havin ring structure
(hor eat t P BoPRAE S honThert ) Shatdid PRG Boloner  BAR MRy 6T abtl onst
three nel aglBeimeAEIRaURIChSdeeaeb-25 1Rkam nendOporel c Lk t el nghki nked to
the other two nel am ne nononer units, by way of a |inking group. The ring
nonomer nBy CFEPMEE ScldsEd r PH§SEEnfiidirdt | Bhe hB¢ilAGLacshipstantrarPy

Lriangul agoapkentati o hich iy be Eyehbervext endad ato eachoat chhe thee

term nal apexes. 30A plurality of amne functional groups may extend around
t he peri pheey ofaldaots ribige nopofemer| nnpdrabicll arto t hadaorine grogps may be

di dat _th f the ri , i t.and_ad] t to th
i nkalibs BefREaH IO D0 71 TIEBIPCH SEI0117 000326 ohe rePan RE #domer uni t

and anot hgetBelhanmsne FPNOMRL1 4N e~ forma Idenadd ne Junchiiveral gradp-may be a
secondary am ne (NHX2) or a tertiary am ne (NX3), where X may be selected 5
from a nePa#ita€lgeodpd suBsthautiErBrvemsubst Fiut edndl RyFeoE afkeayl, or

hal ogen. | di me Lne . functd 0. ' y am ne.
PreferablgPQ?Egegggdndaféra%?%gggg'Nﬁﬁi %&éﬁ%?%gqsggl%%?gnﬁﬁgggg%gp and Y
i s a |inkerybétaneeped wasardmeafisinchbeonamageaips, k0 shehfabriaa@led al kyl

group,. I n_anot her _enbodi nent, Y can pe a term nal alcohol grou such as a
01-4 & cof |_.a|ﬁ_0&ﬁ§? RS ABSHPRERt ,~ O | 5E2RECHEAI L G bub! FOCRBBR}

Advant ageQusk¥, Hheeki N@cRRBAQMBHJ Snhegul abhycshapedoard bs capabbg of
form ng an extensive, tessellated, 15 °cross-linked lattice structure

conpri si ngip&peating units of the ring nononers. During the formation of
O ehe L ILeT Bl 4Bl SPain v Seil DeLEEn B 4490 ToRRUBE U | o
t he PMF sthedeturne, whirch atleorbing gas comprising the polymer

20 material as described above.

In a third aspect, there 1is provided .a sorbent
material for adsorbing gas comprising an agglomeration of
melamine-formaldehyde co-polymer nano-particles with
mesopores extending between said nano-particles and

25 wherein micropores extend within the nano-particles.
Advantageously, the formation of nmcropores vastly
increases the available surface area for the sorbent
material to contact and adsorb the gas onto the surface
of the polymer material. Further advantageously, the

30 mesopores caused by the agglomeration of melamine-
formaldehyde copolymer nanoparticles increase the overall
porosity of the polymer material, thereby allowing gases
to freely flow through the polymer material with minimal

or negligible pressure drop across the polymer material.



20 less than 2 rimin pore dianeter. In one enbodi nent, the m cropores may
be less than 1 nmin pore size. The cross-linked lattice structure
conpri si nyotzne/asedsam ne-f or mal dehyde co-pol yner nmay f or mcmscepanies es,

whi ch may aggregate to form a mesoporous network within 25 the pol yner
material. In this regard, voids forned between adjacent clusters of these
nanoparti cl es Fayaf bpur Heseppees, r EBRURngswWeLRIVAdERe thes Bi56r s ot yner

mat eri al . ant ageousl e . e.of _lLar ndl 30 s | tuent
groups atgéggc%%gd%tlga%%?h%% %%ec?rgﬁlﬁ(rgngnéguﬁ}(ltgsggfgt%h%%ﬁ%%i %go t:]gr%(s)sfjdp%rjri nimzes
steric hindgasce andohendmsbrainantn the pakymar et erdradon Adcotridiagly, this
results in a stable polynmer structure conprising a high density of am ne
funct i onal” greRipREBvaIPEBI B Rlor PHYSTZDIPRY 0P WFR AP GRS P EEYF es passi ng
through the m gf opor £s:0f LhepQl ynere pat ard agr;rovided Thenkinkisng,group nmay
be an al kyl bridge extendi ng between a pair of nelam ne groups, wherein the
al kyl bridegeoconpr esesieadowenecaldfyl cgriooup siokias hpad ngnd tazhon
preferablaxf( 1to.2 carb%ﬁ atoms, It is preferred. f.org the.ﬁl)k)él beridtqe to be
a lower dRYPEHP0uleFo it ovedRhie SEEGRTI 570 tHe ' F i 1y  fofomer-Hnd t o
mnimze stericg 1k hhsr anegigaused bynd healdodki ngogsolps | gaene wiodi ment,
the al kyl bridge is nethyl. The total pore volune of the polyner

mat eri al MAYLPAcEEBriRéNPottdle voT tire C8f AHE afdsigsor €3 af@ St -6l vol unme
of t m or.e | e i t - al; .1 re. u he
pol ygg)r rr‘g{t(é}rrl?i al 39%1%;}?1&% Irngggggége%.% %%%}%8%101& gtkg&nﬁfé\.fgtcnr%r%%%%r :
enbodi nendbotdetbotaals gpdr eatvol eaet obnehefpotyier caabeni alioxs.den gas ange of
0.6 cnB/g to 1.5 cnB/g. In_ yet another enbodinment, the total pore volume Is
ina ravng%“gfcaf%c%rfﬁ O¥ 693, G2 TnBIGES? R still 20 another enbodi ment, the
total pore voluged ssiptp aneet0f dnddecnB gptev3dad8 @BhEthod of The

m cropore volume may constitute 2%to 40% of the total pore volunme or 5%to
30% of theakbral apppéyvekumeteraadnécsrpédimentthet Kd e Gfopracivlume may
be fram 6%.t.0 a %.0f; .t he_t u I her
enbodli ne???f%rﬁ%é?ﬁ c‘%lotgnor le%%\'.?%o aé(r%eé% d& bgnf ?%k?né a%%{?tesegg/iet g%gboﬁt Yo of t he
total poregwebusepol arpasiventar, the m cropore volunme may be in a range

fromO0.06 cnB/g to 0.21 cn?/g. | n one enbodi nent, tfe mcro%e vol unme may
be in 30 a ran%%v%?‘??g%%l%.l’m chi? g AP PIFETHB/ PO yet© Afivthert® |
enbodi Neng e Lhed1 WPPORELVOIHLTE BBY:tRE i Nmaxf @nge Jo ot DaRbnenBinto 0. 14
cnB/g. It has been found that the mcropore volune correlates strongly with
t he adsorpeimaldeapaei ayeof seheb pol Fercrat.eri &S, We hogta®iiski mpd o be
boun y L heor it ‘has_been postul ated t t 1-GI res ective
for %&E a%%%?%%/ ?%lﬁy%%e R %e ﬁ?%r ?rfb?]g%ulh%?ei n eesglalc l?fpo%?s Oe%aor\l\]ggﬁg{ he

triazine nhéregeneb argm aul iree-car boniatemuefl et her GRs nokegulmwsor and
hydr ogen bondi ng between H atons of the peripheral am ne functional groups

and oxygeh" 0} at oY of 1E het e Fot ¥t e. eI, W iHEse a0

i nternol egulb &  ILENAGH0NSa A58 O ¥ deakby bi i Ngnabt ing Aot 10
desorb the CO2 nolecul es and regenerate the polynmer material. Usi ng
the wel | -&nosndBagr et t theyweén- Hal ertfee ( BIJHprigsthodouthe poraPdslyzest of t he
pol yngr material may be anal yzed.. The sopaQqr.es have pore sizes in a
rang 15 %?“%P?f‘fﬁ? =30 tn nfragl%l?mrelrr%r{?eo ﬁ?gdnmaggér%ﬁq SL?gerﬁlf%§4étonm from
5 nmto 36oam ddopdrdd mire 3bdimedt.omrhenmet0e2biom &fom 5 mynto 20 nm
from5 nmto 15 nm and from5 nmto 10 nm In one enbodi nent, the

Mesopor esAHAFORAV e SFEVENST ZeSSIHEES r ah§8 of PH i tRE 50PHmM  BPYEET anot her

20 embodi gx, ifwsn@?gomﬁefﬁ g?)fotlgvea@@r%a%iizrﬁf_ N z%b?hé@n%roffac% nmto 20

rim The pore sizes O opores nmay be 2 rimor fesser. In one
enbodi nrendre4 helum cropartes meyh beolosiinyorrdlessere to PMF ERebplify,

non-1j mti ng en?odi‘rrents of a sorbent 25 rraierigl accor di_ng two ttehre second
and i r "2EPEREs Wl | “noW'BE di ¥ oREy. Soivent  Such ast water.

However, it should be realized that while the disclosed
method reacts melamine'and formaldehyde in the presence
of a non-agueocus solvent, an agueous solvent such as

water may also be present in the reactants.



The sorbent material may conprise the polynmer material as disclosed above.
I n one enbodi nent, the sorbent material may conprise an aggl oneration of 30
mel am ne-wornelwedsgde co- pol ymer nano-particles wth nmesopsces1®aiesdi ng
bet ween sai d nano-particles and wherein mcropores extend within the
nano-particles. Advantageously, the sorbent material nmay be used for WO
2012/ 039683PCTASG014¢ 900308, adsior bi dgsehesed noeehddf f&? erdi¥§pesdof
gases. I n one_enbodi ment, .the sorbent material _i.s capab of i ng
carbon di 0%V 3B | 1 ancther® entddi reve, Fﬁgtggﬁﬁént%gatggFalp$g§@égéble of
adsor bi ngwgacbhonsneaexi de Hiflersaibeatdmakear ibal prierhe Lapabteadéd
adsorbing at |east 10 wt % carbon di oxi de based on the total weight of the
sorbent maPefPal infewddiied APl BEHOSPRRri ¢ IPHEIS S AR BRTICPRS blie
enbodiqren t t [ e adsorpt i C{ of from
about 5 wEIEt O T0TARe " 20 w5 | §oRG emadi e T o8’ aavar pi1 on
capaci ty payyberi mavirangehfr oadaboutgat |e@astthk) woUymer20met8sihh stil
anot her enbodi ment, the CO2, adsorption capacit be in_a range from at

| east 14 WEFEEFL9D ﬁ%@?mﬁhel%fguﬁ %%rﬁ?i%ggEaﬁéﬁﬁg%mhaﬁr%% astr 84 as the
15 changespp %EVgh&oa%nﬁmpﬁr@?Qb@9%395,thﬁ tetaheweir@ie oft thetrsoebent
material after the sorbent nmaterial has been saturated wth 002.

Exenpl ar yhigbn- | FapaFhgy enbbef mendas of 2@echrthed acedfdi ng28® thefsixth
aspecj mﬁ%é now,. gigﬁsclosed. 20The fornmal dehyde used in the discl osed
nethod)nay € polyneri zed formal dehyde that has undergone condensati on

pol ynmeri zation. The polymerized fornmal dehyde may conprise fromabout 8 to
100 carbon atons. In one'enbodingpt. th al dehyde i s paraformal dehyde. 25In
the di sclosed method, non-aqueou®SFdHt18% vent nay be an aprotic sol vent,
i.e., a solvengnthat)dgesnholocant aink & S agdablies POt 0sh 4 1 1haten) .
Advant ageously, the aprotiC solvent is a pH neutral solvent. Hence, the

di scl osedthet nedndoesindtcaegdire additional pH nodifying 30 steps. The
aprotjg sol vent. may al so,be selected fromt ener a I f. .sul.fones or
sulfo fdes. In&gﬁe éﬁ%bdi%%%féc?hgggﬁrot?% gg gegﬁ{ighge?%%Fgﬁﬂ?r%%1an

al i phati ctpul f pxkdent haypagiaigenesal fernubkaenf Ro- SEe=R2r wheretheRl - and
R2 may be sane or different, and are indeﬁendently sel ect ed f%gﬂéer

subst i t ut 8T6RCANSEBSt iUt TIVGH kK§Y &G CF "Ny I EHES b n

enbodi ment gpthe aldphat s sw f oxide pay; COPRET 58 22140l On&aEheBnahems. 5 In
anot her enbodi ment, the aliphatic sulfoxide may conprise 2 to 6 carbon
atons. | notneaenbodiipent sutrfiecal iapleat iy sid S oxdres imedi netghnsabesxi de

(H3C CH3), . . enplary, _aprotic sal vents i ncl.ude,. bu re not
IinitéﬁﬁtS?éiﬁﬁtﬁ?ﬁ%u%%bgﬁdg( ?d#9n986F§F516H§ﬁ1 6§fﬂé,t?%t%5§éthylene

sul f oxi degnheetby! upbenyh sukfBrrTdenaapdikthesl kkeicasiyehl tasgeonbi nations
of any two or nore thereof, In one enmbodi nent of, the sulfoxide solvent is
DVBO. OThe reaéPFon ISt€p nHjE TP ifier t 8REN T E tSper B2 6+8+PBM 120 C

to 200 C t%%gﬁzab' ¥, d rom d40C;to 170.C daﬁt@a&cen%di B D%Péséﬁ%‘c“ on

step may be undeftaken at a tenperature of 140 C. ring the
reacti on spepifthetnon- aguesksrpoia@rrsbbvent meyrdse provdder wathdm xture

with 3? a u%%)%m%g:ngg{gglg E%QQE%»CS'%QL%F”&iéﬂeggg,e@R?dﬁQSQ&re8he

via the BJH method, of between 2 nm to 50 nm. |
The term “micropore” and grammatical variations
thereof as used in the context of the present
specification is taken to refer to pores residing within
30 a polymer material having a pore diameter, as measured

via the BJH method, of 2 nm or less.



aqueous nediumis water. The non-aqueous pol ar sol ventmay be provided in
adm xture with water at a volune ratio of froma range selected fromthe
group 1: wobaoBrib968t. 5:1 to 3:1, 2:1 to 3:1, 2.5:1 to 3: PCTAGR1M0B28: 1,
1.5:1to 252.5:1, 2:1to 2.5:1, 1:1to 2:1, 1.5:1to 2:1, and 1:1 to
1.5:1.1n a preferred enbodi nent, the volune ration of polar solvent to

wat er is 3:1. Ateantageousianopartiasldbemricoundarhat 1oyl addinig Wet™®F to the

solvent m xture, the reacti t enper.at ure e | ower to 40 C. 30
Al so advaiteF§edus! yaSt hélﬁfscg of "'t hgdb%l alcoglg%\}/(gnt -?A%Vteegréggdm Xt ur emen t he
reaction Siep #iceldesh @ MBSOPREOUS POl ¥ MEmakRbabl@culayi ngs teonparab| e
performance to the nmesoporous polynmer material produced with pure DVSO as

sol vent . fRomeskafipbe, & npéneaeénbyditent SPEAGIRY VA% w&fléftsjt'o t'he pol ar
sol vent (J. & 8 MRQHR0, vol wie ratiocel, 3 1y dueing the reaction i of ded

nmesopor o aving surface area o n2/g and a CO2 adsorption 5
capacity of abouthdl5 wd4d whitdui st monpat abt e tdodhe podynersxpreodiced with

DVMSO al one. During the reaction step, the nolar,ratio of.fornal dehyde
to mel am fEMReLRlY'n &-Pange FPERPEGOS, ‘1”1“0%‘ 165 tsolﬁaa to%r%tﬁa}gi,yfrom 1.8
to 3.75 drom1.831010 30, & feomabouty2. 2heéo Brdln V. onenendodi nent,
the nolar ratio of formal dehyde to nelamne is in a range from2.25 to

3.75. | n ranodmarenbodenemrd t Neuhstantiatilon dfaY oPfalCdeRyGE t DX ¥Rl ami ne
isin.arange froml1.5 to.2.5. 15The.reaction may be undertaken for a

per i 38 ofta}fé?o‘?ﬁé]é”n%b?% To 129 %‘G?gw%gbne enbodi nent, the reaction step
is performed fif1dds hewesified ofherweaeti othsteprmay beomerioinmed in a
.cl osed system for exanple, a bonb reactaor or a ressg{]e 20 _reactor. In

one enboeiTent’,CAHE Aot art’s afE PrEcedd nsiVdé 14 St e ©b5fb’ r eattor and
exposed ton@%r%yeé eggegg%%génltn.@p@?}a’t &fn SUC @S -Adr OVAyud de agether
e

enbodi menjt, reaction step may also be carried out in a partially heated
react or. timsonetesbodinmentidet hee2s tegactammerdre Pty odukesd i BEHE At smal |
ced over a_heat | cRlLate. Brief Description

\({)ﬁjl ll:J)rnFévmgnggl%gé%gggn’%éﬁﬁﬁﬁnﬁﬂaw}iﬂﬁgCill%clgﬁigt%ﬁl%fne a di scl osed 30 enbodi ment
and serves to gxpl;3kA tHRecm,NGiH eseph t'hBodicscl asedienboditent . oft is to
be understood, however, that the draw ngs are designed_for pur poses of
concentrations of components of thé formu '
typically means +/- 5% of the stated value, more
typically +/- 4% of the stated value, more typically +/-
20 3% of the stated value, more typically, +/- 2% of the
stated value, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated
value.
Throughout this disclosure, certain embodiments may
25 be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
rangés. Accordingly, the description of a range should be
30 considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical
values within that raﬁge. For example, description of a

range such as from 1 to 6 should be considered to have

specifically disclosed sub-ranges such as from 1 to 3,



illustration only, and not as a definition of the limts of the invention.
Figures 1 (a) and 1 (b) show Transm ssion Electron M croscope (TEN) i nages
of mel amwe-2bmwusadsdehyde co- 5 pol ymer internedi at es af Per/Senaargasag one
hour of reaction. Figures 1 (c¢c) and 1 (d) show TEN i mages of the

mel am ne-f or mal dehyde co-pol yner internedi ates after undergaing five hours

react i on£roOFilgure 4( e rehows te® PEN G5Alyel ofCt he AEPRNENES for maiWehyde
co-pol ymer i nternedi ate_after, ;under gaQi : h eact .l on Fi gure
1(1) shous % TEN Tntige BF U moaoparos e rtcr il e ot he Dt fed e

mel am nerbewryl dedydexanpls,pal yner. 3, 4, Bigurel 16g) ThewsappSeanni ng

El ectron M croscope (SEM inmage of the synthesized nel am ne-fornal dehyde
copol ymegegardless of P‘i}kfurkér?(%hs%v%h% bHH¥F ng nodel of a carbon 20

di oxi ge gas nol ecule with a nel am ne nol ecul e. Figure 2(b) shows a

bi ndi ng nodel (type-1) of a carbon dioxide gas nolecule with a

mel ami ne-f or mal dehyde cRipolggure of OptioppdyEmbpdimesit§ns a bi ndi ng nodel

(type-11) of 25 carbon di oxide gas nol e . W a | am ne-f | dehyde
co- pol yner. F%@W@(ﬁ%’ho&%ﬁr%@%’%%&? de%lgt'%sg@h%\%é%i oﬁ?dgisno%&%%%?sot her ns
at 273 Kpigidg dihe amiand ey f oreral gedy dei coe pod ypeect of w Ekanpler 2kee

Figure 3(b) shows the gas cycling experinment using the
mel anmi ne<fierelskchyde co- pol yner of Exanple 2i, under gas flow of carbon

di oxi de, fo'lﬁﬂ%ﬂegélgg%gogﬁﬁerial mayFiodWses3(c) showsckhe rdwnadi c

per f ormance o am ne-tormal dehyde co-pol yner of Exanple 2i used
for carben diexstle30aptf/g.andPcafborbdyoxitde rewobate area o guke 3 (d)

shows the schematic diagramfor the through-f}ow experi Fi gure
4 shows tAe WHot o-%to%%]t?ﬁ Fouri @ T?’%ﬁggor ?tho PFPE! Mifen  more

InfrarEd%%%ﬁéf§§PPY(Eﬁepgdﬁﬁﬁ&$téH@QfEﬁe1ﬂwﬁtb©$&m%d material is
mel am ne-f or mal dehyde co-pol yner. Figure 5 shows the 13C NVR spectrum
of the synttesizaugeredanthe- rofeatdehyde Eo Dol yher ORhowrigS Heak's:
associ.at W th-triazine carbon ' and, L5 hrd dgi.ng GH2 gsoups at
48- SS{%ppshqlerhgo%?’bnﬁgl %a?t%%%g fngtyf rlig%%%gga Figure 6 shows the
Ther mogr avi/getds cndna) yabs (F@E8) qur afivte, obft b6 Osynivgesizewpre, 550
Zloeloacrr; ne-gzggna()lgergggg, c%gfol %/(Srgr hz;govgrnqngrheerr r’rg%osgna%l |Otry moofreu,p 1o abQut
700 m?/g or more, 750 m?’/g or more, 800 m*/g or more, 850
m®/g or more, 900 m?/g or more, 950 m?/g or more, 1,000

20 w?/g or more, 1050 m?/g or more, and 1,100 m’/g or more.

The melamine-formaldehyde co-polymer may be composed
ot repeating units of a monomer having a ring structure
(hereafter “ring monomer”). Each ring monomer unit may
comprise at least three melamine monomer units, each

75 melamine monomer unit being linked to the other two
melamine monomer units- by way of a linking group. The
ring monomer may form a closed ring configuration having
a substantially triangular orientation which may be

further extended at each of the three terminal apexes.

30 A plurality of amine functional groups may extend
around the periphery of each ring monomer. In particular,
the amine groups may be disposed at the apexes of the

ring Inonbmer unit and adjacent to the linkages between

10



20Fi gure 7(a) shows a SEM i nmage of the nelam ne- fornmal dehyde co-pol yner
synt hesi zed by heating in an oven, using reaction conditions of 2.0M
concent r avoani2angdesa par af or mal dehyde to nel amine rati o @CTRG2611000388 gur e
7(b) shows a SEM i nmage of the nelam ne- 25 fornmal dehyde co- pol yner

synt hesi zed by heating in an oven, using reaction conditions of 2.0M
concent r &con@haanNBarsd TRy dehyde n@@&%ﬂ%%r%ﬁf%mbﬁesﬁ?§PT?f

Fi gure 7(&} shows a SEM i mage of the nel am ne-formal dehyde co- pol yner

synt hesi zed by heating on a 30 hotplate, using reaction conditions of 2.0M
concentration_and a paraf.ornal dehyde t i at.i 251

Figure 7(d) s w A Fﬁﬁgglgﬁaghgﬂggégﬁégiﬁgr%a%ggﬁgggggo%gépfner

synt hesi zeghxhy beatd ngsoni @ hospl at e (NMsj hgwheact Konagohei tsedrstafd 2. OM
concentration and a parafornmal dehyde to nelamne ratio gf, 3 7%: JC? 5Figure 8
shows3 t héRIA ogyei§aSTHdSor HEPBRY dESOEPLItoT S ot hePREVBF T EXAhETe 2 at 77K
Figure 9 hgw§ e r@g%& r oygh or capbondi gxbdeigast adserpti on by
t he syntﬁ§3|zedggef%h1ne-?br#g]dﬁ%%%%e%o-po?§ng?10f Exanpl e 21. 10Fi gure 10
shows a raesictd ofurscthierrea I ogreynt hesis sefcoadmyyomeririeng’ FPreferably,

conpri si nganel am ne-f or nal.dehyde | ymer ., tall ed ripti

Dr awi ngs e Seco_‘ﬁi‘?@zr iaﬁ’énteo%ﬁi 5&&281(‘% °t% %r gsagemsgﬁc%\%ﬁ,n%n%%
particle f]akes iign §he ir8@i0NHof wddn 5@ wam 401 med fhy.cpieabpi teatdungs,

mel am ne-f or mal dehydeco- paol yners. The _

i ni t 181 msEr mes f of nkh delRideRorbiitRini 18arBCsP8kI FRPed LBy “the Yhytiogen
bondi ng het wee 1 0 it e | vear o-particle
flakes 2 Wi hgtef%g%lgrzpe%ﬁn t e1 %gg?% ’ o?utfg-g(%onér% glr éofagr@?rggm t he poor

sol ubi | i tan@afhdhesmied@imaet f oY nad dehydehsoopotyoeps (+GH1HE .DMS0 sol vent

i nduces precipitation. The flakes precipitate fromthe sol vent as

mel am ne- f or me gehyitlegaane: par thel esngompiniogieng irs aregpdraes wigtdmed he
structure 25 of the nanoparticle flakes. In Figure 1(b), there are shown,
mcro si 2P part i RESFST med by CagghEnefat i %ﬁt%‘?sh‘éﬁo- p%%%%%leatﬁogkes. Thi's
aggl qger aé}k@gogspm;@g& s1the;pana-packicle ddkes: fOrmadig Rsppoliess W thin

t he networ connecting nano-particles. Figures 1(c) to 30 1(8) show t he

step by stepthgglomer atémene he. nabopdng ciles f fakeationf 6E mta POr OUS
mel am ne-f or mal dehyde copol yner. Fi e S r i.oxi de
bi ndi ng it %?g?ﬁégaéﬁéﬁt féfalfnecst ifonar -t g%w?%h%%s r%lgb%l%“%

i‘ona eor ) cal cul-ations were
carried owtiwiihgt hesGaussicant03is0f maardne rEhep exettanger< of oehat iam
functional enployed is known as Becke, three- .
of the "micropores within the PMF structure, which are
20 less than 2 nm in pore diameter. In one embodiment, the

micropores may be less than 1 nm in pore size.

The cross-linked lattice structure comprisihg the
melamine-formaldehyde co-polymer may form nanoparticles,
which may aggregate to form alnesoporous network within

25 the polymer material. In this regard, voids formed

between adjacent clusters of these nanoparticles may form

mesopores residing within the mesoporous polymer
material.
Advantageously, the absence of large pendulum

30 substituent groups attached to either the melamine units
or the linking group minimizes steric hindrance and bond
strain in the polymer material. Accordingly, this

results in a stable polymer structure comprising a high

11



5 paraneter, Lee-Yang-Parr (B3LYP) which includes a fraction of

Hartree- Fock exchange to reduce the self-interaction error. In the

anal ysi s,wohe12038B8 G d, p) basis sets were used. After tlreTSGROKA0003R8 0f each
conpound was fully optimzed, the total energy was 10 obt ai ned. In

Figure 2(a) there is shown a carbon di oxi de nol ecul e binding to mel am ne
mol ecul e.QeTHE gl afifne RB1RRowt Y di¥ay QFQBPFost%Y?JQI?K?f%r acf??rons |

bet ween 9%1( cal- | OXi eiﬁenéd;'t et R4 15,4i trogen
atom (G WZ% lo(%nn gviilg??i gjnaf)g(t ﬁ(gorle@afl(eéghy rogeln or?d I?%ljtgreh?acti ons

bet ween tohie- wavdooss dh Dxtilde pwl woert enarel hydr ogen at onms of the am ne
functional groups (HO0: 2.27 and 2.28 A). The calcul ated total energy

di fference forTdi sihkhdgngdomup 2avkdeman dhieyP0bridge extending

possi bl eel ectrostaticinteracti onsandsl i %htl exot herm.c he/dr og1 ond
i Nt er &ct i VHS'$Hi Gat B2A T avor dbt DRI S5pESen HBEEFFor i n %ﬂb‘/ f a
carbon diyoxj ge. mobegul g-£ 02 138lamne ol geils. sdhe LowngxehBernniw, bond
ener gy of thcg(f%ydr@gen €ta)on(&jls, fSrther }IZKE mdi%ate that the biendi ng nodel
woul d be faspkgfereabised. to 2 darRimupeoreb) Ltheke PseshRsWACa f3pe- |

bi ndi ng of, carbon. di oxi.de | ecule-.to_nel_am pne-f ornal.de r. The
cal cul at etoheen%flé\}l d?ﬁ%?%ngg Egr %t %logelgi A /ikﬁ/g r?%g)éﬁgaitgj gﬁgﬁ:ﬁg%og@yget o]
-26. 5kJ/ mplgidhis isr 3Grsd midiakg t ackbgute 26d). tblentimimize steric

mel am _ne-f or mal dehyde co- pol ynmer should al so bind reversibly to carbon

di oxilfle. hindraneeFj ggreed( c)PY hei 8% s SHOf A t YpEYPI bi nd?ﬁg dt™¢ar bon

di oxi de am neg { of ppk dehyde,gon, WO , |

2012/ 0396%%%%@%‘8'11 00032§yp8tFyma€. Thi s bi §r,1di ng nodel displays only
strong hydrogep interacti e carbon,di gxl | ecule;and t

mel am ne-f or rra%eeh;%g%go-%%f%ngﬁﬁ%‘%ﬁea%ﬁegag %%Trléegr)lce o% tlype- Iglyabi ndi ng
i s about +d512kd/ mbk, taliath velwhe | bff aver atdeopores Fhilstphysisorbti ve
nodel is in agreenent with the BET carbon di oxi de adsorpti esorption

n/ dﬁ‘
behavi or . VEUERePT tHi% Bt SoPRPEHT ays IFheW?TpSV‘P?xﬂ&@%%' t @S 01 e %

m cr opor es, A0d, ABRSRROLES +i2 Garkem: dipxidei gas: 40;absorphigen.ofThe, @reat er
the mcroporosity of the nel am ne-fornal dehyde co-polynmer, the |larger the
capaci ty ofi’ tche: aved ani are-/foor melind etnadé aso-gadt gty figie gedaddsorpti on. Of

course, the. exanple, uses carhon_di oxi. S as , - ho er..this woul d
be appl i cAbt&"F ggflg ot Rér yrd%gegn%\ﬁ trﬁ%gi % alr% rr%l %%ﬁf%rogr%%rﬁnegé and
interactionsi.s cm’/gi.gure geshewsthize Rndbodhcaust i chéoupicerd Twansform

I nfrared Spectroscopy (PA-FTIR) spectrum of the synthesized .
mel am ne- Yo WAt deRyde S0 FIFner. shdi Al /20 eaks a<868i-at ¢d* vii thNH2 or NH

stretyhi n 0 IneGH2 styetehing 8hr293016Mel, 1 4 miAe sty aighi ng at
1600c2r?1 1,3%%h%§i g?};}% Isnter ef chi ng at -155% crml and 14180 cmla. Thecg?i rst can

be assigned tolé hem%‘/a;rblm Atonscmpr/gsent in the triazine ring and the double
resonances at 48 and 54 ppm 25 can be correlated to CH2 groups that |ink
two nel am ne nbheculesopora veimnralayNdo@H2-iGHtgr @dp.to 40% dthetleei s shown

in Figure 10, a reaction scheng for the for i 0 f .a_two di nensi onal

mel am ne- ¥9F fral BEBATdECriPAG Monom rt%n?ﬁ" _Pﬁngﬁ'\felr{lo(%&)lntproﬁel chPrrl‘ra%Héecti on,
the. 30 syptBgsi smebdthenve! apenesi-oomrirdeydeny Iay esul trdmn diessel | ation
of the ring nononmer unit. However, in a practical situation, perfect

cont 281 of%Sr gact Rbaucomtht i eds Wosll FotGt bEOEBSSTDIWES Hehbe, 2FdF @t i on of

the tessgllghed LLng, FRNGNRY, ML Wi e 400 ehposedr Wt periods, of
anor phous™irréegulrar’ geometry in the formtion of nelam ne-forml dehyde
nano- partaebes. 75 of the total pore volume. In particular, the
micropore volume may be in a range from 0.06 em®/g to 0.21
cm’/g.  In one embodiment, the micropore volume may be in
30 a range of from 0.09 cm’/g to 0.17 cm®/g. In yet another
embodiment, the microp‘ore volume may be in a range from

0.06 cm®/g to 0.14 cm’/g. It has been found that the

micropore volume correlates .strongly with the adsorption
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5Exanpl es Non-limting exanples of the invention will be further
described in greater detail by reference to specific Exanples, which should
not be cometnieady@s in any way |imting the scope of thecCiTrseeotiioons2s 10

The solvents used in the foll ow ng exanpl es, DVBO, tetrahydrofuran (THF),

Di chl or omet hane (CH2C12) and acetone were purchased from Tee Hai Chem cal s,
Si ngapor ecaiet &y net ahdep@péﬁfmleﬁralnwét@ni@lmereWpuh@hésédSﬁﬁ@m Signee 15

Al d h, United St f A Ex
el ;Imcne k??r;‘!rl I d%ﬁ%gﬁég eforg:%{%fg k%%ﬁh?%%??edp%%g?ﬁo?%pl &0ET 20W ani ne

and par af pf s slehyse swer e aeigled & &020-ad, ghassrytabn fold owed tne t he
addi tion of anhydrous DMSO The reaction m xture was heated gradually to

gi ve a colb¢esclevriay ohitEirehepnhebefigeat th80¢ Higrz i7e H“rlstfr%%étﬂlted in
the faormation of,a W f%}lbl%] The soljd yas Zgo filg é&gl yashed with
e | e

water (3 and aceton resultl ng sol i under vacuum at

80C for 2Mdyliroddsm ngothngbb\%ewpentmk:cﬂtozﬁs safipkes @femem@p@rlom%

(Exanples_l a Were rep argd The nol ratios 30 of react agbs, anount
€

to Ih
of sol venff—un?@a@f?% And?PEnpBratire ?(g)r) B&EMes A t0°Tb

provided jhp1dahle. 1 bel ow, rThernesyl ti ngssamtessaner e anadyzed-bya Ai trogen
sorption at 77 K; surface area and pore dianeter were obtained by the

Br unauer - Enveradel oy (BET) candd Baep&ty- bWBdZQEBZ/ 039683PCT?SER019% 000328
Joyneyy Hal, gng%% 1;l%rret@@d e_Lse%%cltl vela)ﬁd(:a % ede S0 pb‘%&%‘%?t herm
at 2 a

was anal yzed resul ts are 50 s own in el ow.
5Table 1 material.

Using the well-known Barrett-Joyner-Halenda (BJH)
method, the pore sizes of the polymer n@terial}may be
analyzed. The mesopores may have pore sizes 1n a range

15 of 5 nm to 50 nm, from 5 nm to 45 nm, from 5 nm to 40 nm,
from 5 nm to 35 nm, from 5 nm to 30 nm, from 5 nm to 25
nm, from 5 nm to 20 nm, from 5 nm to 15 nm, and from > nm
to 10 nm. In one embodiment, the mesopores may have pore
_siies in a range of 5 nm to 50 nm. In yet another

20 embodiment, the mesopores may have pore sizes in the
range of 5 nm to 20 nm. The pore sizes of the micropores
may be 2 nm or lesser. In one embodiment, the micropores

may be 1 nm or lesser.

Exemplary, non~limiting embodiments of a sorbent
25 material according to the second and third aspects will

now be disclosed.

The sorbent material may comprise the polymer
material as disclosed above. In one embodiment, the
sorbent material may comprise an agglomeration of -

30 melamine-~formaldehyde co~polymer nano-particles with
mesopores extending between said nano-particles and
wherein micropores extend within the nano—particles.

Advantageously, the sorbent material may be used for

13
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adsorbing one or more different types of gases. In one
empbodiment, the sorbent material is capable of adsorbing
carbon dioxide. In another embodiment, the sorbent

material is capable of adsorbing carbon monoxide.

5 The sorbent material may be_capable of adsorbing at
least 10 wt% carbon dioxide based on the total weight of
the sorbent material, measured at 1 atmospheric pressure
and 0°C. In one embodiment, the sorbent material may
have a COZ adsorption capacity of from about 5 wt% to

10 about 20 wt%. In one embodiment, the CO; adsorption
capacity may be in a range from about at least 10 wt% to
20 wts. In still another embodiment, the CO; adsorption
capacity may be in a range from at least 14 wt% to 20
wtd. The CO, adsorption capacity may be measured as the

15 change in weight as a percentage of the total weight of
the sorbent material after the sorbent material has been

saturated with COs;.

Exemplary, non-limiting embodiments of the method

according to the sixth aspect will now be disclosed.

20 The formaldehyde used in the disclosed method may be
peolymerized formaldehyde that has undergone condensation
polymerization. The polymerized formaldehyde may
comprise from about 8 to 100 carbon atoms. In one

embodiment, the aldehyde is paraformaldehyde.

25 In the disclosed method, non-agqueous pOlar.solvent
may be an aprotic solvent, i.e., a solvent that does not
contain a dissoclable proton (BE* ion). Advantageously,
the aprotic solvent is a pH neutral solvent. Hence, the
disclosed method does not require additional pH modifying

30 steps. The aprotic solvent may also be selected from the
general class of sulfones or sulfoxides. In one
embodiment, the aprotic solvent 1s selected from an

aliphatic sulfoxide, having a general formula of R'-SO-R?,

14
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wherein R! and R? may be same or different, and are

- independently selected from, substituted or unsubstituted

Ci-9 alkyl and C;.g alkylene. In one embodiment, the
aliphatic'sulfoxide may comprise 2 to 10 carbon atoms.
In another .embodiment, the aliphatic sulfoxide may
comprise 2 to 6_carbon atoms. In one embodiment, the

aliphatic sulfoxide is dimethyl sulfoxide (H3C-SO-CHj).

Exemplary aprotic solvents may include, but are not
limited to, dimethyl sulfoxide (DMSO), di-n-butyl
sulfoxide, tetramethylene sulfoxide, methyl . phenyl

sulfoxide, and the like, as well as combinations of any

' two or more thereof. In one embodiment of, the sulfoxide

solvent 1s DMSO.

0The reaction step may Dbe undertaken at a
temperature from 120 °C to 200 °C, preferably from 120°C
to 170 °cC. In one embodiment, the reaction step may be

undertaken at a temperature of 140 °C.

During the reaction step, the non-agqueous polar
solvent may be provided in admixture with an aqueous
medium to form a co-solvent. In one embodiment, the
aqueous medium 1s water. The non-agueous polar solvent
may be provided in admixture with water at a volume ratio
of from a range selected from the group 1:1 to 3:1, 1.5:1
to 3:1, 2:1 to 3:1, 2.5:1 to 3:1, 1:1 to 2.5:1, 1.5:1 to
2.5:1, 2:1 to 2.5:1, 1:1 to 2:1, 1.5:1 to 2:1, and 1:1 to
1.5:1. In a preferred embodiment, the volume ration of
polar solvent to water is 3:1. Advantageously, it has
been found that by adding water to the solvent mixture,
the reaction temperature may be lowered to about 140 °C.
Also advantageously, the use of the polar solvent-water
admixture 1in the ‘reaction step vyielded a mesoporous
polymer material having comparable performance -to the

mesoporous polymer material produced with pure DMSO as
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solvent. For example, in one embodiment, adding 25 vol%

water to the polar solvent (i.e, a DMSO/H,0 volume ratio
of 3:1) during the reaction yielded mesoporous polymer
having a surface area of 996 m?’/g and a CO, adsorption
capacity of about 15 wt%, which 1s comparable to the

polymers produced with DMSO alone.

During the reaction step, the molar ratio of
formaldehyde to melamine may be in a range from 1 to 5,
from 1.65 to about 4.5, from 1.8 to 3.75, from 1.95 to
3.0, or from about 2.25 to 3.0. In one embodiment, the

molar ratioc of formaldehyde to melamine is in a range

from 2.25 to 3.75. In another embodiment, the molar

ration of formaldehyde to melamine 1is in a range from 1.5

to 2.5.

The reaction may be undertaken for a period of from
48 hours to 120 hours. In one embodiment, the reaction

step 1s performed for 7Z hours.

The reaction step may be performed 1in a closed
system, for example, a bomb reactor or a pressure
reactor. In one embodiment, the reactants are placed
inside a. steel bomb reactor and exposed to. high
temperatures 1in a heater, such as an oven. In another
embodiment, the reaction step may also be carried out in
a partially heated reactor. | In one embodiment, the
reactants are introduced into a small volume glass vial

and placed over a heated metal plate.

Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It 1is to be understood, however,

that the drawings are designed for purposes of
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illustration only, and not as a definition of the limits

of the invention.

Figures 1 (a) and 1 (b) show Transmission Electron
Microscope (TEM) images of melamine-formaldehyde co-
5 polymer ihtermediates after wundergoing one hour of

reaction.

Figures 1 (c) and 1 (d) show TEM images of the
melamine-formaldehyde co-polymer intermediates after

undergoing five hours reaction.

10 Figure 1l(e) shows a TEM 1image of the melamine-
formaldehyde co-polymer intermediate after undergoing ten

hours reaction.

Figure 1(f) shows a TEM image of the mesoporous
structure of the synthesized melamine-formaldehyde co-

15 polymer.

Figure 1(g) shows a Scanning Electron Microscope
(SEM) image of the synthesized melamine-formaldehyde co-

vpblymer.

Figure 2(a) shows a .binding model of 'a carbon

20 dioxide gas molecule with a melamine molecule.

Figure 2(b) shows a binding model (type-I) of a
carbon dioxide gas molecule with a melamine-formaldehyde

co-polymer.

Figure 2{(c) shows a binding' model (typé—II) of a
25 carbon dioxide gas molecule with a melamine-formaldehyde

co-polymer.

Figure 3(a) shows carbon dioxide gas
adsorption/desorption isotherms at 273 K using the

melamine-formaldehyde co-polymer of Example 2k.

17
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Figure 3(b) shows the gas cycling experiment using
the melamine-formaldehyde co-polymer of Exémple 21, under

gas flow of carbon dioxide, followed by nitrogen.

Figure 3(c) shows the dynamic performance of the
5 melamine-formaldehyde co-polymer of Example 21 used for

carbon dioxide capture and carbon dioxide removal.

Figure 3 (d) shows the schematic diagram for the

through-flow experiment.

Figure 4 shows the Photo-Acoustic Fourier Transform
10 Infrared Spectroscopy (PA-FTIR) spectrum = of the

synthesized melamine-formaldehyde co-polymer.

Figure 5 shows the C NMR spectrum of the
synthesized melamine—formaldehyde co-polymer showing
peaks associated with triazine carbon at 166 ppm, and

15 bridging CH, groups at 48-54 ppm. The signal at 29.46 1is
from DMSO.

Figure 6 shows the Thermogravimetric Analysis (TGA)
profile of the synthesized melamine-formaldehyde co-

polymer, showing thermal stability of up to about 400 °C.

20 . Figure 7(a) shows a SEM image of the melamine-
" formaldehyde co-polymer synthesized by heating 1in an
oven, using reaction conditions of 2.0M concentration and

a paraformaldehyde to melamine rétio of 2.25:1.

Figure 7(b) shows a SEM image of the melamine-
25 formaldehyde co-polymer synthesized by heating 1in an
oven, using reaction conditions of 2.0M.concentration and

a paraformaldehyde to melamine ratio of 3.75:1.

Figure 7(c) shows & SEM image of the melamine-
formaldehyde co-polymer synthesized by heating on a
30 hotplate, using reaction conditions of 2.0M concentration

and a paraformaldehyde to melamine ratio of 2.25:1.

18
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Figure 7(d) shows a SEM image of the melamine-
formaldehyde ‘co-polymer synthesized by heating on a
hotplate, using reaction conditions of 2.0M concentration

and a paraformaldehyde to melamine ratio of 3.75:1.

5 Figure 8 shows the nitrogen gas

adsorption/desorption isotherms of Example 2a at 77K.

Figure 9 shows the breakthrough curve for carbon
dioxide gas adéorption by the synthesized melamine-

formaldehyde co-polymer of Example 21i.

10 Figure 10 shows a reaction scheme for synthesis of a
monomer ring  comprising a melamine-formaldehyde
copolymer.

Detailed Description of Drawings

Referring to Figure 1(a), there are shown, nano-

15 particle flakes in the region of 10-50 nm formed by
precipitating melamine-formaldehyde co—polymérs. The
initial melamine-formaldehyde nonomer units are
stabilized 'by the hydrogen bonding between the amine
hydrogens with the solvent. Once nano-particle flakes

20 with the size in the region of 10-50 nm are formed, the
poor solubility of the melamine-formaldehyde co-polymers -

in the DMSO solvent induces precipitation. The flakes
precipitate from the solvent -as melamine-formaldehyde
nano-particles comprising micropores within the structure

25 of the nanoparticle flakes. In Figure 1(b), there are
shown, micro sized particles formed by agglomeration of
nanofparticle flakes. This agglomeration connects the
nano-particle flakes, forming mesopores within the
network of connecting nano-particles. Figures 1(c) to

30 1(g) show the step by step agglomerating the nanoparticle
flakes to form a meso-porous melamine-formaldehyde co-

polymer.
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Figure 2 shows carbon dioxide binding inodels, the
density functional theory (DFT) calculations were carried
out with the Gaussian 03 software. The exchange-
correlation functional employed is known as Becke, three-

S parameter, Lee-Yang-Parr (B3LYP) which includes a
fraction of Hartree-Fock exchange to reduce the self-
interaction error. In the analysis, the 6-31/G(d,p)
basis sets were uéed. After the structure of each
compound was fully optimized, the total energy was

10 obtained.

In Figure‘ 2(a) there 1is shown a carbon dioxide
molecule binding to a melamine molecule. The melamine 1is
shbwn‘to display electrostatic interactions between the
carbon of carbon dioxide molecule and the triazine

15 nitrogen atom (C-N: 2.86 A). In addition, there are
hydrogen bond interactions between the carbon dioxide

| molecule and hydrogen atoms of the amine functional
groups (H~-0O: 2.27 and 2.28 A). The calculated 'total
energy difference for this binding is ~25.7kJ/mbl. The

20 possible electrostatic interactions and slightly
exothermic - hydrogen bond interactions indicate a
favorable physisorption model for binding of a carbon
dioxide molecule to a melamine molecule. The low
exothermic bond energy. of the hydrogen bonds, further

25 indicate that the binding model would be easily reversed.

In Figure 2(b) there is shown a type-I binding of
carbon dioxide molecule to melamine-formaldehyde co-
polymer. The calculated energy difference for this
binding model is around -25.3 to -26.5kJ/mol. This is

30 similar to Figure 2{(a). Hence, melamine-formaldehyde co-

polymer should also bind reversibly to carbon dioxide.

In Figure 2(c) there 1is shown a type-II binding of

carbon dioxide molecule to  melamine-formaldehyde co-
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Exanpl e 2 Mesopor ous nel am ne-formal dehyde co-pol yners synt hesi zed 10
in an oven Melanm ne and paraformal dehyde were added to a 10 m Teflon
cont ai nerwoi2ote/ms9esagnetic stirrer, foll owed by additi onprofi/Senbmdnasas DVSO.
The Teflon container was capped and secured within a Steel bomb reactor,
whi ch was 15 heated to 120 C.in an oven (Memmert Universal UNE 400) for 1
hr. The polbmeeactori swasirdimy edodebnuit hplevenohoy stirpnpngyvomogemagneti c

plate for 30 m nutes to obtain a honbgeneous sol ution..the_banb reactor was
t hen heatB&#SEGE AN IFEGREh a?al%?%nc ‘Hb?xﬁehow SCHha ré&@t ort%\?/as 20

al | oved 107600k L3 ARMILRRRS abULeo 1 t hergel igh dugt rektaicred was
crushed, fil tereed, oand washed V\,ith%BI\/gg,@racetone (3?<I§§BDTHF (3x) and CHz2C12.

The resubti rynshite bohfdngas dréledutinddd -vaciimlat B0 f 6F 24l 12
diffe en(tljasarrp gs (Exanmples 2a to 21) were 5 produced based on the above
descri bed®gP6€6¢S1". The nolar ratios of reactants, solvent volune are

provided in Table Zﬁgel ow. The sanpl es. were anal.yzed_accordi t.Q the
anal yti cal rretTtIE‘dtT’s MF?BHEHQH{Q Ch%lﬂe 1° and taﬁgereléléau%t Sw%‘t?kg atl%seo shown
in Tabl eg2rbel ew, 10 Tablie 2 qeSanplekeanticany Londiddians NdeAdsargt.i on at 77
K C Adsorption Capacity (W%
Further, this alsc displays the importance of the role of
micropores and mesopores in carbon dioxide gas
10 absorption. The greater the microporosity of the
melamine-formaldehyde co-polymer, the larger the capacity
- of the melamine-formaldehyde co-polymer is for gas
adsorption. Of course, the example uses carbon  dioxide
gas as a model, however this would be applicable for

15 other gases with similar molecular properties and

interactions.

Figure 4 shows the Photo-Acoustic Fourier Transform
Infrared Spectroscopy (PA-FTIR) spectrum of the
synthesized melamine-formaldehyde co-polymer showing

20 peaks associated with NH; or NH stretching at 3400 cm™,

CH2? stretching at 2950 cm™®, imine stretching at 1600cm™,
and triazine stretching at 1550 cm™ and 1480 cm™l. The
first can be assigned to the carbon atoms present in the
triazine ring and the double resonances at 48 and 54 ppm
25 can be correlated to CH, groups that link two melamine

molecules or a terminal —-NH-CH;-OH group.

There is shown 1in Figure 10? a reaction scheme for
the formation of a two dimensional melamine-formaldehyde
ring monomer unit. In a well controlled reaction, the

30 synthesis of the melamine-formaldehyde will result in
tessellation of the ring monomer unit. However, in a
practical situation, perfect control of reaction

conditions would not be possible. Hence, formation of the
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tessellated ring monomer unit will be interposed with
periods of amorphous irregular geometry in the formation

of melamine-formaldehyde nano-particles.

5 : : | Examples
Non-limiting examples of the invention will ©be
further described in greater detail by reference to
specific Examples, which should not be construed as in
any way limiting the scope of the invention.
10
The sclvents used in the following examples, DMSO,
- tetrahydrofuran (THE) , Dichloromethane {CH.C1,) ahd
acetone were purchased from Tee Hai Chemicals, Singapore.
Melamine and paraformaldehyde were purchased from Sigma-

15 Aldrich, United States of America.

Example 1

Mesoporous melamine-formaldehyde co-polymers synthesized

on a hot plate
20 | Melamine and paraformaldehyde were added to a 20-ml
glass wvial, followed by the addition of anhydrous DMSO.
The 'reaction mixture was heated gradually to give a
colorless solution. Further heating at 180°C for 72 hrs
resulted in the formation of a white solid. The solid was
25 filtered, and washed with water (3X) and acetone (2¥X) .

The resulting solid was dried under vacuum at 80°C for 24

h.
Using the above protocol, 8 samples of mesoporous
PME (Examples la to 1h) were prepared. The molar ratios’
30 of reactants, amount of soivent, reaction time 'and

temperature for Examples la to 1lh are provided in Table 1
below. The resulting samples were analyzed by nitrogen
_sorption at 77 K; surface area and pore dilameter were

obtained by the Brunauer-Emmet-Teller (BET) and Barrett-
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Joyner-Halenda (BJH) methods, respectively. Carbon
dioxide sorption isotherm was analyzed at 273 K, and the
results are also shown in Table 1 below.
Table 1
Sam Reaction Conditions N2 Adsorption at 77 K using BET and BJH CO2
ple _ o methods ' Adsorpti
Total PMF to T. ~ Reaction  Surface Pore TPV Micropore Capaci
Conq of Melamine (°C) Time (h) Area Diameter (cm3/g) Volume (%)
rea;::;nts.‘ xc:il:)r " (mg) (m) (cm®lg)
1-a 20 . 3.75 180 72 743 104 1.06 0.14 14.0
1-b 20 4.50 180 72 713 8.9 1.00 0.10 11.4
1-c 1.5 3.75 180 72 898 11.1 148 J 0.14 14.3
1-d 25 3.75 180 72 739 10.0 0.89 0.16 14.1
1-e | 20 3.75 180 48 852 10.7 1.30 0.16 14.9
1-f 2.0 3.75 180 120 684 9.2 0.66 0.17 14.1
1-g 2.0 3.75 160 72 636 13.3 1.41 0.09 12..0
1-h 2.0 _ 2.25 | 180 72 72.9 19.2 0.06 0.02 7.8
Example 2

Mesoporous melamine-formaldehyde co-polymers synthesized

in an oven

Melamine and paraformaldehyde were added to a 10 ml
Teflon container with &a magnetic stirrer, followed by
addition of anhydrous DMSO. The Teflon container was
capped and secured within a steel bomb reactor, which was
heated to 120 °C in an oven (Memmert Universal UNE 400)
for 1 hr. The bomb reactor was removed from the oven for
stirring on a magnetic plate for 30 minutes to obtain a
homogeneous solution. The bomb reactor was then heated
again in the oven at 170 °C for 72 hours. The reactor was

allowed to <cool to room 'temperature, and the solid
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product obtained was crﬁshed, filtered, and washed with
DMSO, acetone  (3x), THF (3x) and CH2C12.' The resulting
white solid was dried under vacuum at 80 °C for 24 hr.

12 different samples (Examples Z2a to 21) were
produced based on the above described protocol. The molar
ratios of reactants, soclvent volume are provided in Table
2 below. The samples were analyzed according to the
analytical methods mentiocned in Example 1, and the

results are alsc shown in Table 2 below.

Table 2:
Sample Reaction Conditions N2 Adsorption at 77 K CO2
. ) ; d .
Conc PMF to BET BJH Total Micropore Adsorption
. ¢ .
(M) . Surface Pore Volume apacity
Melamine Pore 5 (Wi%)
Area . Volume (cm”/g)
. Diameter
(Molar Ratio) (cm®/g)
2 g
)
2-a 1.5 2.25 1099 10.3 2.09 0.13 - 15.3
2-b 1.5 3.00 1004 8.3 1.78 0.06 11.4
2-¢c 2.0 ' 2.25 : 1017 12.4 2.21 0.13 " 145
2-d 2.0 ' 3.00 971 10.2 2.08 0.06 11.0
2-e 20 3.75 915 5.9 1.14 0.06 11.2
2f 25 2.25 1074 17.5 3.29 0.14 . 157
2-g 25 3.00 1046 16.5 3.46 0.08 12.6
2-h 2.0 1.80 791 11.7 1.35 0.15 13.9
2-i 25 1.80 930 15.7 1.90 0.21 18.7
24 2.75 1.80 903 23.0 2.79 0.20 17.7
2-k 2.5 1.65 785 13.8 1.21 0.20 17.7
21 - 25 1.95 905 15.9 2.22 0.16 15.5
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Example 3

Mesoporous melamine-formaldehyde co-polymers synthesized

using a solvent admixture of DMSO and H,0

Paraformaldehyde and melamine were mixed in a molar

5 ratio of 3:1 and reacted in the presence of a solvent
admixture comprising DMSO and H;O. The total concentration
of the reactants was 2.0 M and the overall reaction was
performed in a bomb feactor that was heated in an oven
for 72 hrs.

10 7 samples (Examples 3a-3g) of mesoporous PMF were
produced using the above described protocol. The volume
ratio of DMSO’ to H,0, oven temperatures were varied
according to Table 3. The product samples were énalyzed
according to the analytical methods mentioned in example

15 1, with the results also shown in Table 3 below.

Table 3
Sample Reaction Conditions N2 Adsorption at 77 K CO;
DMSO/ Temp. (°C) BET BJH Total Pore  Micropore Acdsorp.tio:
HO - Surface ' pore Vo%?m Voﬁﬁe.' jiizy
Volume Area Diameter (cm/g) (cm™/g)
Ratio (m%g) o) '
3-a 1:3 140 1.9 . 67.9 0.14 0.002 | 7.3
3-b 1:1 140 581 10.0 0.46 0.18 15.9
3-c 3:1 140 , 996 74 1.36 0.12 14.9
3-d 1. 140 581 10.0 0.48 0.18 16.9
3-e 31 140 996 7.1 1.36 0.12 14.9
3-f 1:1 100 168.1 12.1 0.46 0.007 ‘ 4.3
39 1:1 120 235.7 13.1 0.55 0.03 8.6

20
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2.79 0.20 17.7 2-k 2.5 1.65 785 13.8 1.21 0.20 17.7 2-1 2.5 1.95 905 15.9
2.22 0.16 15.5 WD 2012/ 039683PCT/ SG2011/ 000328 Exanpl e 3 Mesopor ous

mel am ne-wornelmedsgde co- pol ymers synt hesi zed usi ng a selcrscRoamdneszs ure of
DMSO and H20

Comparative Example 4

Mesoporous PMF synthesized with N-methylpyrrolidone (NMP)

as solvent

Paraformaldehyde and melamine were mixed in a molar

S ratio of 3.75 to 1 and reacted in the presence of NMP.
The overall concentration of reactants was 2.0 M and the
reaction mixture.was heated at a temperature of 180°C for

72 hrs. The resulting sample was analyzed according to
the analytical methods in example 1, and the>results are

10 provided below.

Surface Area (m?/g) = 4.6

Pore size (nm) = 57.5

Total Pore Volume (cm’/g) = 0.005
15 Micropore Volume {cm?/g) = 0.003

CO, adsorption (wt%) = 4.7

This comparative Example demonstrates that DMSO 1is

likely to play an important role in the formation of

20 miéropores, which strong correlates with the carbon
dioxide gas adsorption capacity of the resulting
mesoporous PMF. In this Example, it can be seen that both

the micropore volume and surface area obtained are
significantly inferior to the PMFs obtained in Examples

25 1-3, which accordingly translated to an adsorption

capacity of less than 5 wt%.
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Par af or mal dehyde and nel am ne were mxed in a nolar 5 ratio of 3:1 and
reacted in the presence of a solvent adm xture conprising DMSO and H20. The
total corwerhrzmpea of the reactants was 2.0 M and the @cersakoiireesesi on was
performed in a bonb reactor that was heated in an oven for 72 hrs. 107
sanpl es (Exanpl es 3a-3g) of mesoporous PM- were produced using the above
descri begd, protgcgl. The volume ratio of DMSO to H20, oven tenperatures were
vari ed according to Table 3. The product sanples were anal yzed according to
t he anal ythcaksneyhadagnEnpeaiedntsn exanple 15 1, with the results also

shown in Table 3 below. Tabl e S | eReact i diti N2 Ad i
77 KOO2 D%@?@ﬁﬁ?*ééf@é%é&%?’&‘%g})cq%@% Cyﬁeg]d%?n%l% DS b evar amevol urre
Pore Area(gnBLELGCHB/ DheValdmeiiaetals Rajd o{ o Batded 148 440°¢1. 9 67.9

0.14 0.002
5 carbon dioxide (99.8%) gas flow (20 ml/min) for 30 min,

followed by nitrogen (99.9995%) gas flow (20 ml/min) for
45 min. -
Changes in weight of thé PMF sample were recorded by
the TGA instrument. Prior to the cyclic treatment, the
10 sample was first purged at 120 °C for 60 minutes under
nitrogen gas flow, followed by cooling to room
temperature. Change in buoyancy effects arising from the
switching of gases was recorded using an empty sample
pan, énd the buovancy effects were corrected for 1in the
15 TGA curve. |
The results may be described with reference to
figure 3(b). There was an evident sudden sharp increase
in weight % of the'synthesized melamine~formaldehyde co-
polymer which continued until a maximum adsorption at 9.3
20 weight %ngs @chieved. Once the gas feed was switched to
nitrogen gas, a similarly rapid weight% loss was
observed, due to the desorption of the carbon dioxide
from the PMF. The adsorption and desorption cycle was
continued for 6 successive cycles and, no lcss in either
25 the speed or capacity of adsorption/desorption was
obsexrved. This Example clearly demonstrates the
suitability of the PMF for use in large scale industrial
gas scrubbing applications, due to its efficient gas
uptake and discharge duriﬁg' regeﬁeration, and 1ts
300 durability for multiple-use without exhibiting any loss

in adsorption capacity
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Example 6:

Through-Flow Column Adsorption

A schematic diagram for the experimental set-up is

provided in Figure 3(d). A steel column of 10 cm in

5 length and 10 mm internal diameter was packed with
1.036 g of melamine-formaldehyde co-polymer powder from
Example 2i. The packed column was subseqguently connected

to a cylinder of 15% carbon dioxide gas in nitrogen gas.

Gas flow was controlled with a cylinder regulator and a

10 gas flow meter at a flow rate of 2.5 ml/min. The output
gas from the packed column was connected direétly to a

Gas Chromatograph for analysis. The Gas Chromatograph
instrument was conditioned for 1 h at 200 °C prior to the
analysis. An optimized -Gas Chromatograph method of

15 isothermal analysis at 75 °C for 1.8 min was employed.
Retention time for nitrogen gas peak and carbon dioxide

gas peak were at 0.68 min and 1.48 min respectivély. The
time interval Dbetween consecutive Gas Chromatograph
analyses was 2.15 min. The peak areas were calculated to

20 obtain %carbon dicxide, with 15% carbon dioxide gas in
Nitrogen gas as a reference gas mixture. Vacuum was
applied tovthe experimental setup before analysis and the

gas lines were purged with inert helium gas prior to
carbon dioxide gas adsorption by synthesized melamine-

25 formaldehyde co-polymer. For recycling of the synthesized
melamine-formaldehyde co-polymer, vacuum (pressure‘ of
about 1 mbar) was applied to the column for 1 h and the

adsorption analysis repeated as stated above.

The use of an analyte gas at 15% carbon dioxide gas

30 in nitrogen gas simulates the actual composition of flue
gas discharged by powér plants. Figure ¢ shows that
almost all the carbon dioxide gas 1in the gas feed was

adsocrbed by the synthesized melamine-formaldehyde co-
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polymer in the first 40 minutes until the synthesized
melamine—formaldehyde co-polymer was' approaching
saturation. With reference to Figure 3(c), the carbon
dioxide adsorption capacity of the synthesized melamine-
5 formaldehyde co-polymer reached 3.8, 4.2 and 4.7 wt% for
99 %,v95 % and 90 % removal of CO; from the analyte gas
respectively. This performance is comparable to an

optimized dynamic capacity of a 30% MEA solution.

Vacﬁum was used to regenerate the ?acked column and

10 full carbon dioxide adsorption capacity was recovered.
This again exemplifies the ease of regeneration ‘and
indicates the suitability of the presently disclosed
melamine-formaldehyde co—polymer as a more cost-effective

and energy efficient alternative to current ligquid and/or

15 solid gas sorbents used in the industry.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
‘disclosure without departing from the spirit and scope of

20 the invention and it is intended that all such
modifications and adaptations come within the scope of

the appended claims.

Applications

The disclosed mesoporous PMF can be envisioned as a
cost-effective and viable alternative to current ligquid
carbon dioxide gas scrubbers, such as MEA. In pafticular,
the disclosed solid PMF sorbent is inexpensive'to produce

30 and in contrast to MEA, the disclosed PMF sorbent can be
easily regenerated ‘due to the weakly binding
intermolecular forces Dbetween PMF and .COL thereby

negating or at least minimizes the energy penalties so
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0.55 0.03 8.6 Conparative Exanple 4 Mesoporous PMF synthesized with

N-net hyl pyrrolidone (NWP) as solvent Parafornal dehyde and el am ne were
m xed i n wormizmsdssrati o of 3.75 to 1 and reacted in thecprsesenmeoxns NVP.
The overall concentration of reactants was 2.0 Mand the reaction m xture
was heated at a tenperature of 180C for 72 hrs. The resulting sanple was
anal yzed axwordivhgaseochetadal witiealMifet hodsurbhekanpl eCantaA8tt H resul ts

are 10 provi ded bel.ow, . Surf Are / =4.6.P i.ze( 57.5. Tot al

Pore Vol 6\%’( c g?%%ﬁ%e%%ﬂér ospoo]%éérg%;l ggr)r%S( (r:lg)é}/ %G%LP .%0 J%:HCSOI‘ ption

(W% 4. 7 repleniBlinferconpanat i wedoeaqle denvasisat esidihaonBVB0 ésstikely to
y

play an inportant role in the formation of 20 m cropores, which strong
correl at &SW{19¥ t he carbon di oxi de gas adsorption capacity of the resulting

MESOpQrous PNF}K!”dH@Eﬁo%é@ﬁphg ogErgﬁg b§M§eQﬂst@§%obOEﬂpéP§oﬂiCf@pore
vol une and surface area obtaine re significantly inferior to the PMs

obt ai ned d?w ﬁlsn%n 1s3 ] idhicels sordrelingl ynotanskateduto tan Bdsor ption
capacity of less than 5 wt% WD 2012/039683 Exanple 5 TGA,Gas, Cycling
Experi ment’d'MePahi ReL £ 8Ffralfdéify o ombSFﬁ?%FesC(&qgl Sed L&ctkheajf%w%w ng gas

cyclic RgifSG@Qé@iQQQ§28mesopoious PMFE to exhibit up a COs
adsorption capacity of up to about 20 wt%. - Even more

10 advantageously, the disclosed mesoporous PMF does not
require complex synthesis procedures. In particular, the

- disclosed PMF may be produced in a one-step solvothermal
reactiQn process, without requiring the use af basic
catalysts and/or other pH modifying processing steps. In

15 contrast to existing methods of producing PMEF for gas
sorption, which may be cumbersome and potentially
expensive, the stralghtforward synthesis method disclosed
in the present invention lends itself industrial scale-up
potential and ease of implementation.

20 It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
disclosure without depafting from the spirit and'sbope bf'
the inventioﬂ  and it is intended that =all such

25 modifications and adaptations come within the scope of

the appended claims.
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from Exanple 21 was treatnment at 25 C. 5 carbon dioxide (99.8% gas flow
(20 M/mn) for 30 mn, followed by nitrogen (99.9995% gas flow (20
m/ mn) fwWo 24B/030633 Changes in wei ght of the PMF gampsiceommnes28 ecor ded
by the TG A instrument. Prior to the cyclic treatnent, the 10 sanple was
first purged at 120 C for 60 m nutes under nitrogen gas flow, followed by
cooling to roomtenperature. Chan léﬂnpuoyancy effects arising fromthe
swi tching of gases was recorded using an enpty sanple pan, and the buoyancy
effects were corrected for in the 15 TGA curve. The results nmay be
described with reference to figure 3(b). There was an evi dent sudden sharp
increase in vwei g1 Jaof the sy hesiars: 1@l agni nes 4o obd slehyde-copol ymer
whi ch conti nued,qjl};nt% a maxi mum adsor ption IZ‘%H 9.3 g% wei ghtﬂ%grvas achi eved.
Once t h@sfasdreediadasnisvit tehiete 1 e hyvEe ogedr Raky™mar simTar Py~ F&pt *F wei ght %
| 0555 as PPSBIYEG o AP QobDESIBSRLRL on (0 ot N Latdhan, dipud de,fsom the
PMF. " The "adsorption and desor ption cycle was continu or 6 successive
cycles and;tinadnss in either 25 the speed or capacity of _
adsor ption/ desorpti on was observed. This Exanple clearly denonstrates the
suitability of the PMF for use in |arge scale industrial gas scrubbing
applications, due to its efficient gas uptake and di scharge during
regener ation,randobtond0 durabiilait yad of1auhédphe- usew thourhexdibi ting any
| oss in adsorption capacity, Exanple 6: Through-Fl ow Col utm Adsorption
A schendtticc ®PhgRam ferethie lexpey i remidiasst -aiEd sOpr 6V dethSth EQure 3(d).
A stlgel lequnn of 10 cmin 5 length and 10 mminternal dianeter was packed
ith 1.03 g of nel am ne-formal dehyde co-pol yner powder from Exanple 2i.
The packed col um was subsequently connected to a cylinder of 15% carbon
di oxide gas in nitrogen gas. Gas flow was controlled with a cylinder
regul ataor and_a 10 gas flow neter. at a flow rate of, 2.5 /mn, The out put
gas fro “thedrﬂh%k%ﬁgxg?ﬁnﬁ‘a\ﬁf§l€olnnae%t%&aﬁrp?%cfpy FEA é?s @ler%%?ograph
for analysd ssudhe-Gas-Lhrogmsograpbei psvryfrept was conditioned for 1 h at
200 C prior to the analysis. An optim zed Gas Chromat ograph nethod of 15
isothermal analysis at 75 Cfor 1.8 mn was enployed. Retention tinme for
nitrogen gas peak and carbon di oxi de gas peak were at 0.68 mn and 1.48 mn
respectiyvel y.. T i Lnter . _pet wee cyt,i hr f aph
anal?gses4 was Tféigp%gﬁekrhyen%geé?ﬁagr e%% %gggﬁgl g%}l \aéﬁgg’%fogoﬂc%tﬁ% %ar bon
di oxi de,the tsuiS%6cabon s okidehgasahaeNpfr 688nmghs ws B20@fer/ence gas
m xture. Vacuum wasapplied to the experinental setup before anal ysis and
the gas lines were purged with inert heliumgas prior to carbon dioxi de gas
adsorption by synthesized nel am ne- 25 formal dehyde co-pol yner. For
recyclimg of the pynyhesi zedaelaln pe- foramkeehyde 0o pohymerf, waeguum
(pressure of about 1 nbar) was applied to the col %rm fg;j i:l‘ I& and the
adsor pt IRFEHRYET §1PéPeat e a8 s at dif aBGva 1 TRe TGS N GnatyTe gas at
15%gar 1 oxd d S | i trogengas +sihul ates <t hgractaabmepaposi tion
of ?Igue%gcg%{i!L d%s%chgar%gd C%glﬂp?(}vﬁrear pﬁ%gnts%ﬁ gu?‘(’aI 9 shows that

which have a ring structure.

6. The polymer material as claimed in claim 5, wherein
amine functional groups extend around the periphery of

25 each monomer ring structure.

7. The polymer material as claimed in claim 5 or claim
6, wherein 1in each monomer ring structure,. an alkyl

bridge extends between a pair of'melamine groups.
30
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al nost all the carbon dioxide gas in the gas feed was adsorbed by the
synt hesi zed nel am ne-f ornmal dehyde co- polyner in the first 40 m nutes
until thewveynidnssiszaed nel am ne-f or mal dehyde co- pol yner was/sappnomaachs ng
saturation. Wth reference to Figure 3(c), the carbon di oxi de adsorption
capacity of the synthesized nelam ne- 5 fornmal dehyde co-pol yner reached
3.8, 4.2 and 4.7 wt%for 99 % 95 %and 90 % renoval of 002 fromthe
anal yte gas respectively. This performance is conparable_to an optim zed

dynani ¢ apaciTf§ &1 la/™500 RERS S0 it RSn S dERTm WasCHR¥H fo MegéRerate the
packed c f car | OoXi de adsorption capacity was recovered.
Thi s aga?hgggéﬁgﬁi%?éég%%é%géggggghgégeneration and indicates the =~
suitability of the presently disclosed nel am ne-fornal dehyde co-pol yner as
a nore cost-effective and energy efficient alternative to current liquid
and/or 15 solid gas .sorbents used in_the .industry. Lt w_ Il be

appar ntgrhat&g§ﬂgﬁ£¥qﬁﬁuﬁa?ﬁﬁﬁﬁ c %i8§%l%%§ éaaéPgtPgﬁsogfcﬁ%&“ﬁnvention
wi |l be appasent tentheipergoreskinkhaadine tdecass akkerpreadiayg tibe
foregoi ng disclosure without departing fromthe spirit and scope of 20 the
i nvent i ofa&Rd RS N Alérdedr tHfdttidl 1 such nodifications and adapt ati ons
cone within the scope of the appended clains. Applications 25 The

di scl osed nesoporous PMF can be envisioned as a cost-effective and viable
alternative to current |iquid carbon dioxide gas scrubbers, such as MEA In
particul a0, tHRaedixsclosed wsotédi PV socbenreiisinnerpensivett ¢ lpioduce 30
and in contrast to MEA,. the disclosed PVMF sorbent can, be easily regenerated
due lll(g t%e Q/\%aéry‘“merﬁﬁjﬁb gﬂ?efcr?otia cu?%?eng&@gebeQ%%%eP 3 rﬁ%z,

t her eby pegatimg @ cabpbeast 18 nifl zes thengaerdy Penathies s6 WO

2012/ 039683PCT/ S&2011/ 000328 conmonly associated with MEA Further in
contrast SF9/®EA, the disclosed PVMF sorbent does not require periodic
repl eni shnent and therefore entails additional cost savings. 5The discl osed
mesoporous PMF is al so superior to currently known solid gas sorbents, not

| east due to its high BET surface area and m cropore volume, which allows

t he di sclldsed Ties gponows: PME ¢ ol @khébi tlaprad002 adsorpei of cdpadisty of up
to abput 20 W% Even nore, 10 advant ageous] t he di sclos sQpar ous PMF
doesP§0t2réﬁhi%%'c%ﬂﬁfgﬁns§%ﬁhg§ﬁ§ﬂpﬁ%@gauY%%?m?nogaigﬁcu%gg,pfﬁgﬁhisclosed
PMF may he produged-dnya oner si@pesolyvetcher. mal dgnédgti on process, without
requiring the use of basic catal ysts and/or other pH nodifying processing
steps. In 15 contrast to existing nethods of producing PMF for gas
sorption, which nmay be cunbersome and potentially expensive, the

strai ght hor varg, synihgsd s metbod, di s¢l esednin theaspresent cisnventingn | ends
itself industrial "scdle-up potential and ease of inplenentation. 20It wl|
be appar éntt¢ hatl,vawhieusiot téve nedi¢i odt i omsd mesopores 1is in the

20  range of 5 nm to 50 nm.

13. The polymer material as claimed in any one of the
preceding claims, wherein the size of said mesopores 1is

in the range of 5 nm to 20 nm.

25

14. The polymer material as claimed in any one of claims
2 to 13, wherein the size of said micropores 1s 2 nm oOr

less.
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and adaptations of the invention wll be apparent to the person skilled in
the art after reading the foregoing disclosure without departing fromthe
spirit amsoempBIesB the invention and it is intended thacTsckodweds225

nodi ficati ons and adaptations come within the scope of the appended cl ai ns.
WD 2012/ 039683PCT/ SG2011/ 000328 Clains 1. A polynmer material conprising
nesopor esL ¥l sppsedrbehneen treliadi e oamhmn@hy@egﬁg g@mpmrSlﬂ?@nd’J;ﬁartl cl es
5 and wherein m cropores_exten n,the ¢o-D ano rt&cl es. 2.
The pol yrRF L ¥k er Pareadad| &%e C'i”H“ecCF aith fny tﬁ et eri al
has a surfacg.,area of at |least 300 10n2/g. 3. The pol yrrer mat erlal as .
claimed in claim?2, wherein the surface area is at |east 600 n2/g. 15 4. The
pol ymer material as claimed in claim3, wherein the surface area is in the
range of 600 nm2/g to 1200 nR2/g. 5. The polynmer material as clained in any
one of. t pr ecedi Ia| T e t r eh 20

pol ymér shf?e g%rrpgsr}gﬁ% r@étp%%?aengkgﬁl E? g?]b%rﬂr?g ré; \%E%nghl\ﬁg\%gcgar}l ng

St r uct ur eaggloffierdbeopol yiremelatg niealf casaddahnyed | noepal ymSy wheret n ani ne

functional gr oug;| extend around the peri F&e%‘é 0{3 gS each nononer ring
struct ur PRIYICTRR ot Ve MSrdRs s & EPAMREd PRVEFEIm 5 of i 6,
wher e' n 'ng £a£h1 8PNQEEN JHIIGE 1S riict A r & @k Kyha bl dgenextendsahet ween a
pair ?am ne groups. 30 WD 2012/ 039683PCT/ SG2011/ 000328 8. The pol yner

mat erlal parclaleed in claim7, wherein the alkyl bridge is a methyl. 5
9. The polymer material as clai rred in any one of clains 5 to 8, wherein

t hr eetonel am ne groups are provi ded in each nonomer ring structure. 10.
The polyner material as clained in any one of clains
17. A sorbent material as claimed in claim 16, wherein

the sorbent material exhibits the ability to adsorb

carbon dioxide gas.

15 18. A sorbent material as claimed in claim 17, wherein
the adsorption capacity of carbon dioxide gas is at least
10 wt% based on the total weight of the sorbent material,

measured at 1 atm, 0°C.

20 19. Use of the polymer material as claimed in any one of

claims 1 to 15 to adsorb a gas.

20. The use as claimed in claim 19, wherein the gas 1is

carbon dioxide or carbon monoxide.

25

21. A method of removing at least one of carbon dioxide
gas and carbon monoxide gas from a gas stream containing
said at least one of  carbon dioxide gas and carbon
monoxide  gas, the method comprising the step of
30 contacting the g¢gas stream with a polymer material as

claimed in any one of claims 1 to 14 to adsorb at least
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10 2 to 9, wherein the total pore volune of the nesopores and the

m cropores is in the range of 0.7 cnB/g to 3.5 cnB/g. 11. The pol yner
mat eri al we 2012zi3pasd i n any one of clains 15 2 to 10, whec®isG0h®odsal pore
vol une of the micropores is in the range of 0.06 cn8/g to 0.21 cnB/g.

12. The polynmer material as clainmed in any one of clains 2 to 11, wherein
the size ofiesaifd sasbpoprebons dipxilse 2028 angd ofatoam FENSFigM Ja38. The
pol yrer naﬁerial as clainmed in any one of the preceding clains, wherein the
si ze of s%i%r%%%bpores isin the range of 5 nmto 20 nm 25 14. The

pol ymer material as clainmed in any one of clainms 2 to 13, wherein the size
of said mcropores is 2 rimor less. W 2012/039683PCT/ SG&011/000328 15. A
sorbent material for adsorbing gas conprising the polyner naterial as

cl ai med iH2any?oRBtBPOt AE PREEREI AgPOLATRE. ™ TR 1ad SIR ef Pl for
adsor bj ng. gas cgrpri-shpg;an agghorenati onof mRlamnefRidel dehyde.

co- pol ynmer nano-particles with nmesopores extendi ng between said

nano- par t pcéesnaado iheredm- adct oporeslext epdveanthin the nano-particles. 10
17. A sorbent material as clained in claim16, wherein the sorbent naterial
exhibits the ability to adsorb carbon di oxide gas. 15 18. A sorbent

material as clainmed in claim17, wherein the adsorption capacity of carbon
di oxi de gas.isTat measbdl@swWcchased on t¢heimobal weieghti noftHhenswoF bent
material, nmeasured at. 1 atm O0C, 20 19. Use of the polyner material as

cl ai med | AIARFUBNROLEL cFRAIRENY 1D AB %Brﬁﬁéﬁrﬁoévaﬁg: 20. The use as
clainmed in claim19, wherein the gas is carbon dioxide or carbon nonoxide.
25 20 A nethod of renpving at | east one of carbon dioxide gas and carbon
nonoxi de gas froma gas streamcontaining said at | east one of carbon

di oxi de gas.and werbod menoxidmedasnt lvd apet Hod cOrgpTe i nghe hepseepcof 30
contactin he gas stream w,th_a pol [, erial _a imed in any one of
clainms 1 ?8£Kin€olid§%$%cg?dlggg S%%gg%%ggéi%nga?ﬁzﬁghggkide gas and

car bon nonoxi de gas thereon. 22." A nethod of nmaking a polynmer material
conprising the 5 step of reacting nelam ne with formal dehyde in the
presence of a non-aqueous polar saolvent. 23. The ggthod as clainmed in

cl ai m 22, 2aher EPR (THRE M- ddueSdSIFE%r 180l GERL™M s24n apPrBEfelsol¥8nt. 10

15 aprotic solvent is selected from an aliphatic sulfoxide.

26. The method as claimed in claim 25, wherein the

aliphatic sulfoxide has 2 to 10 carbon atoms.

20 27. The method as claimed 1n «c¢laim 26, wherein the

aliphatic sulfoxide has 2 to 6 carbon atoms.

28. The method as claimed in <claim 27, wherein the

aliphatic sulfoxide is dimethyl sulfoxide.

25

29. The method as claimed in any one of claims 22 to 28,
wherein the reaction step is undertaken at a temperature

of between 120°C to 180°C.
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24. A nmethod as clained in claim23, wherein the aprotic solvent is

sel ected from sul foxi des and sul f ones. 25. The nethod as clained in
cl ai m 24, woherxismsshe 15 aprotic solvent is selected frecrsc2eliiopisasi c

sul foxide. 26. The method as clained in claim25, wherein the aliphatic
sul foxide has 2 to 10 carbon atons. 20 27. The nethod as clainmed in claim
26, wher i thiec ahkphatli essulfdxiede HrasaRyt ong ear o idtor t282%9The

met hod as claimed in claim?27, wherein the al.iphati¢_su I i s.di net hyl
Sul f oxi devNeEe 1150 Thhe VT TGRS ST | r?o&r‘n’%ng“ne%éf %Fgfﬂrrgg%z %’g 28,
wherei n the,1eae¢td opi st epni sSqudest akgnuatl a tenperature of between 120C to
180C. WO 2012/039683PCT/862%11/000328 30. The nethod as clained in any one
of clainms 22 to 29, wherein the non-aqueous polar solvent is provided in
adm xture with an aqueous nedium 5 31. The nethod as clainmed in claim 30,
wherein saj d aqueous, Bl M, M@é?ﬁed i 82c15h& meg hodras«ahai gedgi n clai m
31, erein the volune ratio of polar s&lvent to water is froml:1 to
103: 1. 33qudbesnnetbivdmasscvataed in any one of clainms 22 to 32, wherein
the nolar ratio of formal dehyde to nelamine is in a range from1l to 5. 15
34. The nethod as clained in claim33, wherein the nolar ratio of

formal dehyde to nelamine is in a range from1.5 to 2.5. 20 35. The net hod
as clainegyin anycongeofiod! a$s 22 iheB4inwhereim s&id meactiimg shep is
undertaken for a period of from48 hours to 120 hours. 36.. The nethod as
cl ai med i noawyeon@teio cPai mP1BX t 503BeNP5 Kihe SR Tt e r 46T o St & is
underﬂ?ke ,in a cl osed pressure reactor. 37. The nethod as clained in
any ohe of "Clainms 22 to 35, wherein the reaction step is undertaken in a
partially 30 heated reactor.

33. The method as claimed in any one of claims 22 to 3Z,
wherein the molar ratio of formaldehyde to melamine is in

a rangé from 1 to 5.

15
34. The method as claimed in claim 33, wherein the molar
ratio of formaldehyde to melamine is in a range from 1.5
to 2.5.

20 35. The method as claimed in any one of claims 22 to 34,

wherein said reacting step is undertaken for a period of

from 48 hours to 120 hours.

36. The method as claimed in any one of claims 22 to 35,
25 wherein the reaction step 1is wundertaken in a closed

pressure. reactor.

37. The method as claimed in any one of claims 22 to 35,
wherein the reaction step is undertaken in a partially

30 heated reactor.
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