PERFORATED GRAPHENE DEI ONI ZATI ON OR DESALI NATI ON RELATED APPLI CATI ON

[ 0001] This application clains priority to United States Patent Application
Serial No. 12/868, 150 entitl ed PERFORATED GRAPHENE DEI ONI ZATI ON OR

DESALI NATI ON, filed August 25, 2010, the subject matter of which is hereby
incorporated by reference inits entirety. BACKGROUND [ 0002] As fresh water
resources are becom ng increasingly scarce, many nations are seeking
solutions that can convert water that is contam nated with salt, nobst

not ably seawater, into clean drinking water. [0003] Exi sting techniques for
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ions in solution'so that they can be easily filtered out. Electro-dialysis

i s the patgessscfamay digtillation, ionic processes, membrane processes, and
crystallization. The most efficient and most utilized of these techniques are multistage
flash distillation (MSF), multiple effect evaporation (MEE) and reverse osmosis (RO).
Cost is a driving factor for all of these processes, where energy and capital costs are
both significant. Both RO and MSF/MEE technologies are thoroughly developed.
Currently, the best desalination solutions require between two and four times the
theoretical minimum energy limit established by simple evaporation of water, which is in
the range of 3 to 7 kjoules/kg. Distillation desalination methods include multistage flash
evaporation, multiple effect distillation, vapor compression, solar humidification, and
geothermal desalination. These methods share a common approach, which is the
changing of the state of water to perform desalination. These approaches use heat-
transfer and/or vacuum pressure to vaporize saline water solutions. The water vapor is
then condensed and collected as fresh water. lonic process desalination methods focus
on chemical and electrical interactions with the ions within the solution. Examples of
ionic process desalination methods include ion exchange, electro-dialysis, and
capacitive deionization. lon exchange introduces solid polymeric or mineral ion
exchangers into the saline solution. The ion exchangers bind to the desired ions in

solution so that they can be easily filtered out. Electro-dialysis is the process of using

-



cation and anion selective nenbranes and voltage potential to create
alternating channels of fresh water and brine solution. Capacitive

deioni zation is the use of voltage potential to pull charged ions from
solution, trapping the ions while allow ng water nolecules to pass.

Menbr ane desalination processes renove ions fromsolution using filtration
and pressure. Reverse osmpsis (RU) is a wdely used desalination technol ogy
that applies pressure to a saline solution to overcone the osnotic pressure
of the ion solution. The pressure pushes water nolecules through a porous
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saltwater solution to form methane hydrate, which occurs at a lower temperature than at
which water freezes. The methyl hydrate rises, facilitating separation, and is then
warmed for decomposition into methane and desalinated water. The desalinated water

is collected, and methane is recycled.

[0004] Evaporation and condensation for desalination is generally
considered to be energy efficient, but requires a source of concentrated heat. When
performed in large scale, evaporation and condensation for desalination are generally

co-located with power plants, and tend to be restricted in geographic distribution and

size.

[0005] Capacitive deionization is not widely used, possibly because the
capacitive electrodes tend to foul with removed salts and to require frequent service.
The requisite voltage tends to depend upon the spacing of the plates and the rate of

flow, and the voltage can be a hazard.



[ 0006] Reverse osnosis (RO filters are widely used for water purification.
The RU filter uses a porous or sem perneabl e nenbrane typically nmade from
cel lul ose acetate or polyimde thin-filmconposite, typically with a
thickness of 1 mm These material are hydrophilic. The nmenbrane is often
spiral -wound into a tube-like formfor conveni ent handling and nmenbrane
support. The nenbrane exhibits a random si ze aperture distribution, in

whi ch the maxi num si ze aperture is small enough to all ow passage of water
nol ecul es and to disallow or block the passage of ions such as salts
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[ 0010] A met hod for deionizing water carrying unwanted ions conprises the
steps of perforating a sheet of graphene with plural apertures selected to
al l ow the passage of water nol ecules and to disallow the passage of a

sel ected one of the unwanted ions, to thereby generate perforated graphene.
As an alternative, a sheet of graphene so perforated can be provided. The
wat er carrying unwanted ions is pressurized to thereby generate pressurized
wat er. The pressurized water is applied to a first surface of the
perforated grapled8d, so Aleatativeatatar desalination og geidriizationtisodeairesiecond si de of the
perforated graphene sheet in preference to ions. The water nol ecules are
collected fromthe second side of the graphene sheet. In one node of this
nmet hod, the selected one of the i oABMMAR¥h| ori ne, the apertures for

di sal | onance of the chlorine ions are nomnally of 0.9 nanoneters dianeter,
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provided of water laden with ions of the first and second types. A path is
provided for applying a flow of the water | aden with ions of the first and
second types to the first graphene sheet perforated with apertures

di mensioned to disallow the flow of the ions of the first type. As a
result, (a) ions of the first type accumulate on an upstream side of the
first graphene sheet perforated with apertures dinensioned to disallow the
flow of the ions of the first type and (b) water |aden with ions of the
second type flows through the first graphene sheet perforated with
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not i onal cr oss-sectional representation (RO)
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gr aphen LFI I's a _P an representation of a perforated
gr apheneashéetthe flow of liquid therebetween. The water carrying unwanted ions is applied to
the first side of the juxtaposed sheet, so that water molecules flow through the
juxtaposed sheet and the path to the second side of the juxtaposed sheet in preference
to ions, to thereby produce nominally deionized water. The nominally deionized water

molecules are collected from the second side of the juxtaposed sheet.

[0012] A water deionizer comprises a graphene sheet perforated with
apertures dimensioned to allow the flow of water molecules and to disallow the flow of
ions of a particular type. A source of water laden with ions of the particular type is
provided. A path is provided for the flow of the water laden with ions of the particular
type through the graphene sheet perforated with apertures. In a particular embodiment
of this deionizer, a purge arrangement is coupled to the path for the flow, for diverting

the flow away from the graphene sheet perforated with apertures.

[0013] A separator comprises a first graphene sheet perforated with
apertures dimensioned to allow the flow of water molecules and to disailow the flow of
ions of a first type, and a second graphene sheet perforated with apertures dimensioned
to allow the flow of water molecules and to disallow the flow of ions of a second type,

where the ions of the second type are smaller than the ions of the first type. A source is
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whi ch may be used in the arrangenent of FIGURE 2, showi ng the shape of one
of the plural apertures. [0017]FIGURE 4 is a plan view of a perforated
graphene sheet, showi ng 0.6 nanoneter dianeter perforations or apertures
and interperforation dinensions. [O0018]FIGURE 5 is a plan representation
of a backing sheet that may be used in conjunction with the perforated
graphene sheet of FIGURE 2. [0019]FIGURE 6 is a notional representation of
a water deionization filter according to aspects of the disclosure, using
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applymg a flow of the water laden with ions of the f rst and second types to the first
graphene sheet perforated with apertures dimensioned to disallow the flow of the ions of
the first type. As a result, (a) ions of the first type accumulate on an upstream side of
the first graphene sheet perforated with apertures dimensioned to disallow the flow of
the ions of the first type and (b) water laden with ions of the second type flows through
the first graphene sheet perforated with apertures dimensioned to disallow the flow of
the ions of the first type to a downstream side of the first graphene sheet perforated with
apertures dimensioned to disallow the flow of the ions of the first type. The separator
further comprises a path for applying a flow of the water laden with ions of the second
type to an upstream side of the graphene sheet perforated with apertures dimensioned
to disallow the flow of the ions of the first type. As a result, (a) ions of the second type
accumulate on an upstream side qf the second graphene sheet perforated with
apertures dimensioned to disallow the flow of the ions of the second type and (b) water
free of the ions of the first and second types flows through the second graphene sheet
perforated with apertures dimensioned to disallow the flow of the ions of the second
type. A collection arrangement is coupled to receive the water free of the ions of the first
and second types. A further collection arrangement may be provided for sepa}ately

collecting accumulations of ions.

. BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGURE 1 is a notional cross-sectional representation of a prior-art
reverse osmosis (RO) filter membrane.

[0015] FIGURE 2 is a notional representation of a water filter according to
an aspect of the disclosure, using a perforated graphene sheet.

[0016] FIGURE 3 is a plan representation of a perforated graphene sheet
which may be used in the arrangement of FIGURE 2, showing the shape of one of the
plural aperfures.

[0017] FIGURE 4 is a plan view of a perforated graphene sheet, showing

0.6 nanometer diameter perforations or apertures and interperforation dimensions.



arrangenent correspondi ng generally to the arrangenent of FIGURE 6, in

whi ch the perforated graphene sheets are spirally wound and encl osed in
cylinders. DETAILED DESCRI PTION [0021]FIGURE 2 is a notional representation
of a basic desalination, desalinization or deionization apparatus 200
according to an exenpl ary enbodi nent or aspect of the disclosure. In Fl GURE
2, a channel 210 conveys ion-laden water to a filter nenbrane 212 nounted
in a supporting chanber 214. The ion-|laden water may be, for exanple,

seawat er or brackish water. In one exenplary enbodi nent, the f @
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sheet 310. erture 312 . has a _no s. The
e handRssT eI tor SEbRA00n 2P BRPLATIT SRBRURY bin BRAHEIGR Epbadamat efs. Mo

woul d ordhaardskhe declexmectreRiGURB 2| & chanie 24Ricohvaystien-ladghiwaier © a Wersodi um

ion. The generall round shape of .t he apertur.e t f act

t hat th@%ﬂ*@f@@e@ﬂgt'ﬂ%“%%ﬂ%g\ép%orrfé”%??rﬁ élm T%%td %ng“%(férﬁﬂi%%rfgp

carbon rhog, ﬁat%H%Htre@oPBratchi%hWa@@h&nﬁnébﬁ@ﬁplQﬂﬁemb@cﬂmE]wAmm fitare 312 nay be

made by selgctlve oxi dati on, mhlc

t
Rgent | orerebreep 0L sa S VORI B8 KENREIT 8o A Hh I THE S, 312

| @n lod phNasoedlasther 2008,
5/22 g S%&R‘% lbﬁﬁﬁeﬂéﬂfgg%lWIn?ih@%@ﬁrch?ﬁrﬁ’el|2ﬂ0to‘ﬂEI(PUREIz: A o p "

he nost straightfor ﬁé%ﬁrat'@zﬂ strfattegy IS
to tr eaﬁ:ytgnm/ltyrfathertenlf 216rondrem ajpwrnp@éx%'éﬁs x| %g O SE(PLIay 0
t enper atur e. F haztﬂaesZOto
18gp nm rttté%@%urﬁgpgtog gg%a%mgbaﬁﬁgﬁéénigyﬁga érl# gtg ? @fer@%yrgzrr? in
at nospher garfoastal gaa;gwmeaiheéﬂmapben@smn@e aTQtelCdaxﬁirth'ﬁew@ﬁ%F@f b@'ﬂlggest s

that t h%tonrrLtlgb b%rung togetl‘.er to'dseletg Iaasthe(ejat 5%, defiRErRd it FISUHEB MBREthickness

of a single graphene sheet is approximately 2 nanometers (nm). Multiple graphene
sheets can be formed, having greater thickness. The carbon atoms of the graphene
sheet 310 of FIGURE 3 define a repeating pattern of hexagonal ring structures
(benzene rings) constructed of six carbon atoms, which form a honeycomb lattice of
carbon atoms. An interstitial aperture 308 is formed by each six carbon atom ring
structure in the sheet and this interstitial aperture is less than one nanometer across.
This dimension is much too small to allow the passage of either water or ions. In order
to form the perforated graphene sheet 212 of FIGURE 2, one or more perforations are

made, as illustrated in FIGURE 3. A representative generally or nominally round
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sheet and the size of the holes is related to the residence tine. This is
believed to be the preferred nethod for naking the desired perforations in
graphene structures. The structures nay be graphene nanopl atel ets and

gr aphene nanori bbons. Thus, apertures in the desired range can be forned by
shorter oxidation times. Another nore involved nethod as described in DO :
10. 1021/ n19032318 Nano Lett XXXX, xxx, 000-0001 utilizes a self assenbling
pol ymer that creates a mask suitable for patterning using reactive ion

et chi ng. g%g}@ r I {MVA col ums
that for mAa\?Fglge?t)zﬁgt Rﬁh@{@qon&rg@g gﬁ%%[sﬁé\)AHg“Pﬁ%ﬁh%?%PﬁRg holes is very
dense. Thedlafﬁ'iﬁfﬁﬁe?ab&mwﬁsmanen@érs Hbk 6 narmmetnndlmettsioeds dagecteume) biazk éeul ar vvel ght
of the P cti

Bt hor ot e pa S vhf il Sidbal) Bl i Ehwale R B ot
[ 0023] As nﬁéﬁt"h immethe aehfe’algmph eirepe sfrtm;ve@mfi‘dﬂs ﬁe@lREy tBe faastha the

t hi ckness t be flexible. The
flex of théeagegsﬁag%ﬁgﬁ%{ S erg'? &hgc;rpnb%n'ﬁeqelhgr ? %S&tébfg‘g'gg%“%% ogthgackl ng

struct ur e apheneshediddd. 212. I n FI GURE 2 t he backing structure of
perforated gra she g structure 220
in this enbodi %k%??l S a'%seﬁéétgdo aJ Ae ?&%q“%%x'ta%?? abﬁlqvﬁ,élr’get hyl ene,

sonet i nes wamnc&yreﬁ@wwwmfagmfooesm Peﬁbdwhmrm(h@st@lleyéd thatghe backi ng sheet
may be, f Qhe¥AdM!SEn al noted that, in
the appar gi?ﬁs or ar?gﬁg%rrlggﬁltrb@?g%@&?%@%'ntg'ﬁ%@a{eésns@ﬁg%f ?@n | aden wat er
appl i ed t Mobligh7 Pat18621970; the mﬁéstmhff@rwaveﬂfomm@m R1otrestthebe provi ded by
gravity fr éngrﬂfng@fpd, f of the

appar at us 0. That IslutEQﬁJg@JPM aﬁ:%PQPe?éthbé"T%mg B, Aste&g%r@?&é@gﬁe@d gr aphene
sheet 312 ﬂff@mmaﬁﬁ*um@r hrlestiptha 2@te mnmmgewerggtchssi imgréphephudiniac, and the wat er
passi ng t REEMBEr bk &S not inpeded by
the attractive %or cédghg{fér?ﬁgﬁﬁﬁ ngﬁ)ﬁ?)go&égﬁ)o%ofﬂA@%En%@a%n“ oned, the

| engt h of T¢a5@naply §ygapsts Matthe eumbper thele!alpeﬁ*attaslrt@éefe;kznihﬂg@plathene sheet 310 is
equal 1o et bl KRS tihoklE rHIERD tne Wlidkfbeliihe AL pefclllto g S | ength i's
much | ess than the ths o e random pat “extending through a RO
menbr ane. hedrriXepdstethop forynakiga the desired tpﬁffersmnmgr@hw@quw«eds ffee provi de fluid
flow or caRMeTRlyYbe gidpRere! nQWpﬁEele"f’s agllj}’;f‘:aﬂhe% ﬁach%l'i'tgb%né %h@"g&r’tg{egat er in the

perforated gra phene sheet inturn, translates to a | ow energy
requi r ene it ?‘Eﬁs"‘?ddﬁ"@éﬁ&%@r’@ﬁq bYF*ﬂOFTPstX@éﬂohémeﬁjAﬂmﬁf motednysivedsur e requi r ed

ina RO mmbém@dés&b%@rnQﬁ)W%H@éwM*éb%%“Nénh%em%&F 08@1gdgpSt osmoti ¢

pressure includes a frictional conponent which resul'ts in heati ng of the
menbr ane. YRkt @sremplinagirmerdhat ergatepp masksritablafior eatterirgtusise appl i ed to the

RO menbraaeadee,aerma?gfpmwm@mmwgea%mﬁsﬁsna%?ﬁmMAe but i nstead

goes into heat. Sinu results show e perforated graphene sheet
reduces t FRUMNSHAL form vigs W5 ha REE yppn eedevelspiag: The palenef hatgs is yepe.  Thus, where an

RO Wenbraﬂaws@m%urﬁ&%hdﬁzefo@ﬁ&éé .sp&m&i@d B’sﬁﬁ ﬁay&ra?wé@wana?ﬁmmof pressure on
t he upstream side to effect a particul ar owo onl zed water at a.

par ti cul aPof@Rd B ieight frastionehthe BMA i e BfSeMM@r Bifkemethedhesthef or t he sane flow
rate may pRsHhtEpBHEEbekdRited graphene sheets.

[0023] As mentioned, the graphene sheet 310 of FIGURE 3 has a
thickness of but a single atom. Thus, the sheet tends to be flexible. The flex of the

eet S

graphene sheet can be ameliorated by applying a backing structure to the sheet 212. In
FIGURE 2, the backing structure of perforated graphene sheet 212 is illustrated as 220.
Backing structure 220 in this embodiment is a sheet of perforated

polytetrafluoroethylene, sometimes known as polytetrafluoroethane. A thickness of the



or less. [0025]As nmentioned, the perforations 312 in graphene sheet 212 of
FIGURE 2 (or equivalently graphene sheet 310 of FIGURE 3) are dinensioned
to disallowthe passage of the snallest ions to be expected in the source
wat er. Consequently, any ions equal to or larger in size than the small est
wi |l not pass through the perforated graphene sheet 212, and such ions can
be expected to accunulate in an upstream side 226 of the

gr aphene- sheet - supporti ng chanber 214. This accurnul ation of ions in
upstream "chanber” 226 is referred to herein as "sludge,” and wl|

event Uﬁldawghgcéu@gt hBg bk @Weﬁéngmt ehe hﬂlti?ug#n (thhe. ]Perfgr ated graphene sheet
212, thereby tending to render it inpeffective for deionizat.i

T ust rat od 1997 e snauid Bedioud sl i SEcReTaiD0r AE ON SR EICHREN
di schar ge 1yah8s %3 %f idrPladbh WtELHIBg tbugh pahargeo die pdréorataddgembings,
operation of the apparatus or arran%Fnent 200 of

FI GURE 2 b
"bat ch” Z8den berrro¥idepd bY ety dtont FiTkyRiCe Heopfar HPPIRFHee GRS e PSPEBtS of
| on- | adeg el Sl rbE QUBNTRALE FHRe tHe KD Hichaliandiane pbieraliPoabRemsisiice:

pr event e 1on-laden water fills the upstream side of the
suppor t 3dBdotng Heperithatedanembrasiesial is dyaioghabiv carstheovateoRassiiidough

perforated graphen : g sheet 220
to the E%Wg? ﬂgea egcleﬁgaep%ty%z(?:ﬁ égﬂs: u%p{ggrfzt23 A@E%?é}g&%%%d Bgﬁ?}% gﬂgeni zed
wat er acogesbatingable toosttsty dden, pemeartinn@® thé ength plehe ddwafath threyghaing i s

available to b rawn off thro a pat t. r :

i |l ust r%@ﬁuﬁ§%gt'%ﬁ@%ﬂg Sﬁ\?gﬁ?{ba‘lsl%’,Uartﬁégééhé%ﬁ%ﬁgg ?@% sg]re\égméahnltsr ation of
i ons i N BpP&tZ AANTRRIIEh @R i2ARichledsithars tieplengths loatieeandon patlemektendingduce t he
flow of water through the perforated gr ene sheet 212 I.n [ 1.0 purge
t he coné‘@ﬁt‘@&?éﬁoi”ﬁ?%f‘@reﬂ'i‘?@%@ew&fa@ﬂeBWSBVrei'ﬁr?%%regﬁgtp?%\g ﬁlliignber or
si de 22@owV 8l ¥shvRAR N, SheRenetla ghuncdresddrovsmuble grneenthapedorated wat er i x
to be purged while the upstreamportion 226 refills wit | aden wat er

h i op-
1 om t askaTEEeGhept . TDE, IV s Ete o iaN F1S5e%EPUNEMERbIRSE {1 1 trati on
cycle b@?i)&%tior;m% %eﬁegé\}"é& fhat the! f8s U8 dexgliteann aIROehémbraae tyedres wats

accunul atton o eloni zed water in container 224, (0026]FIGJRE 4 is a
r epr esethratigltheoheabganeprgaiestasawticwreIsuee iprivdas aitjctional srIPPRest MG such

as that of .Fl .3 .%E%% f ' hd brs8Gme UK muatbé i vel
aperturé'\ﬁ?ssiu'tFr'ln pg‘lﬁhné %fﬁgg e Pgwcé:rgs?gﬁ\;g\mﬂyl’ g@@bﬁipﬁtfpnﬁ to tmhe aperture
densi t y appied foeha D menerdeasbey norgr wawed overhemingoysmoticourgssurtedWper t ur es

may beco “"turbulent " i V. gi ven
or esaur ek gre Bt S el R bRt B8 bERbat bt Sbndetd! o
under | yhm&@mgﬁﬁir@@@%ssmb@Et lkeastad faytmad?w@ihuSuwhe@ are@0ct i on |mr;
strength may, under sone circunstances, result r r e nmenbr ane.
The cenfr@mt?r@[‘%érﬁgiétrregwé%f% RNGR BRT SHHAE U}cgs(Plbib %ﬁ%%&g%%éﬁ%e near

opt i ”Umu%%rreérﬁ%io@rt@ SMRBOATBLRIURPAGW WF B8ioAlzed watdre sofarfitdiaeion nanonet ers.
10027]FIGURE 5 is a sinplified illustration of the sfructure. f &)t%:g ng

I

of .
sheet whpReENtEjione peEyatfictaraphengshast &idhe sRBE TIgy BISARY "HIUEF! 5,
backi ng sheet 220 is made fromfilanments 520 of pol ytetrafl uoroethyl ene,
al so known "as pol ytetrafl uoroethane, arranged in a rect an%ul ar gfrl d and
bonded or fuf®@5ht t héisgmentioned, the perforations 312in graphene sheet 212

FIGURE 2 (or equivalently graphene sheet 310 of FIGURE 3) are dimensioned to
disallow the passage of the smallest ions to be expected in the source water.
Consequently, any ions equal to or larger in size than the smallest will not pass through
the perforated graphene sheet 212, and such ions can be expected to accumulate in an
upstream side 226 of the graphene-sheet-supporting chamber 214. This accumulation
of ions in upstream "chamber" 226 is referred to herein as "sludge," and will eventually
reduce the flow of water through the perforated graphene sheet 212, thereby tending to
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intersections. As with the perforated graphene sheet, the dinensions in the
backi ng sheet 'should be as | arge as possible for maxi mum fl ow,
commensurate with sufficient strength. The spaci ng between nutually

adj acent filanents 520 oriented in the sane direction can be nomnally 100
nm and the filanments may have a nom nal dianmeter of 40 nm The tensile
strength of the graphene sheet is great, and so the relatively large
unsupported areas in the backing sheet should not present problens.

[ 0028] FI ;U I | & i.on_or desalination
appar at us E?) gi:”gfée?‘d“ %h{%ﬂﬁ&ano* Alé%gt%&)edﬁ&rlrébft@%%%é@ge a{% J“# % he di scl osur e,

i n whi ch nerpyidegl tegqﬂafymﬂsa d)$0hdngéf/a§\re6232Ittyalpmptngmabrehtctprmm sheets are

d InF | 2
oo gnat ec e s ofarpiEial e Sr e BP0 BREURE 2 Bl bR 0F 614 o
FI GURE 6, pish’medenTas drstioedest the datcipanefatioradcews githelohohien-Bhieewater612a and 612b,
respect ] vehibuatlaf 16, Sy ERAIB. b GublVoSRARAITR. GBS Lhgns. narel v an

upstream portion or c ownstream portion ofF chanber 626b, and
an inter rreﬁiﬁﬁ!@@pW@amls'dﬁ%ﬁofd‘reaMrtCE@@erE&cThepetefmomuedagar aphene sheet 612a

and 612b i I 1 rly, perforated
gr aphene Sﬂg@@%ﬁ%ﬁ@g%@g g?a%génggge:? E@fb?ﬂ'%gﬁ fE)lclje'trh °%?"£1@ed gr aphene
sheet 612bb¢|§nQﬁ§'e¢¢éaOtwheadowhse'amﬁlebﬂéﬂtm sprepoft oaartberad1d. Tiust he per f or at ed
perr oam o apanrea e Skl so LA <3 oFlne WIS BCL) et e 1o
di sal | ow oﬁvai@bbmeedrwﬂeoﬁfthrowh@fpad‘m%m mpmwwsssalnldlsttabedeasabhre< the flow of
wat er | adep4w ik r ers in nom nal
G amet er . Phs e e Belrilaioh BB ARAE iR o o ST T2, o Than 0. 9
nanonet er gthe wmfmha'pbgsv'"tlmddmgldquémquwa)f\eajergmratmhMewEMeted 612a, but remain
in the ups§imam fedib iumions can
flow throa%hp% erfora?%?ﬁégg ene s %ﬁ?ﬁgzﬁ%ﬁ[n %ﬁ?ﬁ ec\rl\dnnéal% e chanber 629.
Downst r earfr fiehe unstseaatichgmbgsioeside %wtveeaabomeseq)whrﬂmlawmewth apertures
tho 11 ow o e At Hider fbiote plloB A e BeveaR Korfin PUANARRE, 2 o el ©
di anet er. 'ﬂﬁnyafebfmnmanhéﬁloonsnp hav\(ah@ 232 gtreatlesedand awthevfitralioanet er t han 0.9
nanomet er S,q et ThRG 1 Se i graphene
sheet 612;@‘: bgét& WaT er§ Sg'gﬁ*%WHaBﬁ {d&{%ﬁ'?%ns cg’r‘f’o{%ﬂ&f/{‘ﬁﬁgﬁg the apertures
612ac of p’ém'mdanaéqnlrgqoatpherrwsheet 612a into internedi ate chanber 629.
Sodi um i ons canngg ss t heet

Po26P rﬁ&bt@cfuw 4 QMG L REBnRES §r96r1%£§§lweetg&.@l%ga‘?‘d?§wz

6121), and so remain or acc ate In intermedrate portion nber 629.
The wat er ohRarfations sughazdhat off IGURES. The sheetod FIGUREdrdefines #bvge dosdi um i ons, can
flow fromgtfike S ay [ res 652bs of
per f or at eé) g{)pﬁzne srﬁpergt%hE t@t}lognﬂgl nt ogﬁgﬁm@?lﬁgg\%%ﬁ%h& r chanber 627a,
f r om whendé therpgerties éansinvderrensesethe femthinugltibe brestresimebesome pat h 222 and

col l ecti Or‘tur\bﬁlﬁrﬁ@l\wh%@ﬂw dJLchQu%al' Sffecithd flow 16 ghasgedlirel IS, #6h@NI zat i on

arrangenent 200 of
aperture dens:ty mcreases the strength of the underlying graphene sheet may be

locally reduced. Such a reduction in strength may, under some circumstances, result in
rupture of the membrane. The center-to-center spacing between apertures is believed
to be near optimum for the 0.6 nanometer apertures at a value of fifteen nanometers.

[0027] FIGURE 5 is a simplified illustration of the structure of a backing
sheet which may be used with the graphene sheet of FIGURE 2. In FIGURE 5, backing
sheet 220 is made from filaments 520 of polytetrafluoroethylene, also known as

polytetrafluoroethane, arranged in a rectangular grid and bonded or fused at their



t he apparatus or arrangenent 600 of FIGURE 6 accumul ates or concentrates
ions during deionization operation. Unlike the apparatus or arrangenent of
FI GURE 2, however, deionizer 600 produces at |least partially separated
concentrations of ions. Mre particularly, with a flow of water |aden with
chl orine and sodi umions, upstream portion or chanber 626a of apparatus 600
accunul ates a sludge concentration consisting principally of chlorine ions,
and intermedi ate portion or chanber 629 accumul ates a concentration

princi pal | yepd, [ r eparately
extracted by ggﬁggtﬁ%\'g@ghg\g%ter;ogﬁﬁaﬁgﬁﬁ?ﬁ& t@%ﬁﬂeedcs{aﬁ%ﬁg% ggng;nd 630b and

t hei r pur géheghshowd beavlarge atirassible for mesrpmﬂmemmenwate witlsufficient ar | y, val ve
632a can b I o flow from
pst  oam part Pans b tplér i ARRNIRHER, S AEAGEMERE S, |l ed as a

t ank 634a, digstiPnean benggaly t8mb andspeefileneentsanayihbveve nominabdianesterof at ed sodi um
ons to Tl arh MBEYnSleRERH i oRiBhdne ARecPs gRBAEASH 1f22clathily Arfe0! | eCti ng
vessel illustrated as a tank g eal 'y, purge valve éS a is closed
before pur &PSHEP%’F""?rﬁisé?‘Wé&?‘%ﬂ"@s'ﬁéﬁhpﬁﬁ’\"@P'eﬁ%(ﬁRmaw i s begun, so that sone

pressure is maiggd2ej ned aschﬁéswrfo%@t.@Qu&b@&%@@m%ﬁ&%r dedefidatioR provide a
flow of water through perf Orateer%@m ene sheet 6l12a to aid in flushing the
14

sodi um i ona‘?p?Ef’F‘r’sép%Fﬁéde‘G&ﬁ“Pm@' #ri g1 aspect eftherlinsloswsa i whitly ge val ves 632a

and 632b ap@iigé RpRsof difereAt aeaor%@gﬁawn@%e%wm&?:%@méat' on. The purged
and col |l ected concentrated i ons have econom c value, as for conversion into

solid for nfPReRthcomespondingto heeA o FIGMRERase dasignatest by ikeveferrace ase of chl or i ne.

It shoul d BghaRGh&Ws. Wit s8R MRdner 601 AGDRE 81 P dahrCABHovAEREA S Of beryllium
salts, and these salts, if preferentially concentrated, have value to the

phar maceut PEaratedigeapaeneysheats of 28 ancf1g respediubofindiesthe Fhambetintathses i n FI GURE 6

are Cr0Ss- fdiuaws 6aporRdRs, %ﬂayﬁn&bs@éﬂbponmw&hs%mga B&indgem, a flow path 658
and upstream portion or chanber 626a and internmedi ate portion or chanber

626D, resp@éﬂq"\?é?*?mb?ﬁrﬁzﬁtl’ ?%‘*%U”Wﬁleé'?tel’eflm & sepmberf20HEach gerforateth be routed to
flow path @%e@s%&%ké‘&md‘@tﬁ’@a&%gate@\km@da%gzsﬁgetvﬁ&@ﬁar@g% wan be provided

fromtank 224 by operatin . From punp 6 t he dei oni zed wat er

flows thr o’t?gﬂraé?déf?éﬁ?{‘e\?ﬁ @126'1?6’3?'@‘1}9&? Bheg3P0a, @f‘@)B%foang\HfaPQPﬂPes 654a and

654b are ogea@dzw.@dadkb@mhgumbt mw&la%n%ftuhb RH6ERC YRAbge 632a and 632b,
respectivel Y, %? 3 aid in purging the sludge fromthe chanbers.
sheets 612a an 612b differ from one ancther. More particularly, upstream graphene

sheet 612a is perforated by apertures 612ac selected to disallow or disable the flow of
chlorine ions and to enable the flow of water laden with sodium ions; these apertures
are 0.9 nanometers in nominal diameter. Thus, chlorine ions, having a greater effective
diameter than 0.9 nanometers, cannot pass through perforated graphene sheet 612a, but
remain in the upstream portion or cﬁamber 626a. Water laden with sodium ions can flow
through perforated graphene sheet 612a into intermediate chamber 629.

Downstream perforated graphene sheet 612b is perforated with apertures 652bs
selected to disallow or disable the flow of sodium ions and to enable the flow of water
molecules; these apertures are 0.6 nanometers in nominal diameter. Thus, chlorine
ions, having a greater effective diameter than 0.9 nanometers, cannot pass through
apertures 612ac of perforated graphene sheet 612a, but water laden with sodium ions
can flow through the apertures 612ac of perforated graphene sheet 612a into

intermediate chamber 629. Sodium ions cannot pass through downstream perforated
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[0031]FIGURE 7 is a sinplified representation of a deionizing or ion
separating arrangenent according to an aspect of the disclosure. Elenents
of FIGURE 7 corresponding to those of FIGURE 6 are designated by |ike
reference al phananmerics. In FIGURE 7, the perforated graphene sheets 612a
and 612b are rolled or spiral-wound into cylindrical form and inserted

i nto housings illustrated as 712a and 712b, respectively, as known fromthe
RO nmenbrane arts. [0032] Those skilled in the art will understand that ions

other t han gRphat At 81, ) HiRaliY p g |?QRY&QRE%Q O ofipse! ect i vely

perforated g%la hene sheets. der oni zi ng wat er
carrying uff %ﬂatP'dF@eWEEWObWPH%@ thﬁénesqﬂép@ﬂl@flomﬁélﬁbmfﬂom a sheet of

graphene ( Fidrhedtdt borﬁHanr tlanBBanb HMS@ ErQs @b%b?&féérfo?&éc?&%&gnés Q\eé‘tj low the

passage of water nolecules and to owt e passage © ected one of
t he unwant 8bia5d itq deynstregi perdiemgsiceambet @?7e remethyncg dhecdeipnizedpwatérsamt ed

graphene (34 lectdn@lgtlaltelRahd dfectich yE@PHRNE Sheet so perforated may be
provi ded. The water carrgl ng'ﬁunvvant ed fons (201) is pressurized (216, 218)
!

to thereby gendP®E pres keckagaefdhe defppizatipn areangament2PORAEIBHRES. appl ied to
a first (2hdupparaitd @%ﬁa@%mgﬁgom@f@f@tb%c@ﬁ%%P fnégr?rgtés ion® that wat er

nol ecul es flow to a second % of the orated graphene sheet in
pr ef er ence 9459 Fﬁ?ﬁza"weWﬂQ"er%t ema&US(ow@pgwe@t 6IGURE ddowevet.he second

si de (212dhex&ﬁzeFm;ﬁJd@Eg§%f‘@as?P§@at\ly sdpra®8€o tldﬂ@ ofitHsS Method, the sel ected

one of the ions is | ori ne apertures for disa omance of the chlorine
i ons are nWRierartipyfaryswit, aglowah\ﬁi@ﬂa@p@wm chienecand segliyan iphfeURByea™ ur es ar e

noni nal |y p@smesl criper 628Y offdbbdr 660D ABRAABILRY 2 siuddd cBRehtEsn Mode of this
met hod, the selected one of the ions is sodium and the apertures for

di sal | owant@sigiingPrreinalcnt gilering ipss. gnd intsrmedialelPprtion & chamkenBd%r s di anet er, and
the apert us@6mastes é\@dﬁbé}aflaiuo\ﬁ pﬁmﬁ@,ﬁof 8t iorRY THekd Eoﬂ@éﬁtr&@@ﬂﬂ?%%rb% The net hod

may include the ste rei nforcing the sheet of forated graphene (212)

with a bactPAgtel Cfed\mﬁ@!?ﬁﬂvﬁefyanmofaouwsy@r@@wamq ﬁ@@a aut83fbane grid (520).

their purge valves 632a and 632b, respectively. More particularly, valve 632a can be
opened to allow the concentrated chlorine ions to flow from upstream porti;)n or
chamber 626a to a collecting vessel illustrated as a tank 634a, and valve 632b can be
opened to allow the concentrated sodium ions to flow from intermediate portion or
chamber 629 to a collecting vessel illustrated as a tank 634b. Ideally, purge valve 632a
is closed before purging of intermediate portion or tank 629 is begun, so that some
pressure is maintained across perforated graphene sheet 612a to provide a flow of
water through perforated graphene sheet 612a to aid in flushing the sodium-ion-rich
sludge from the intermediate chamber 629. Purge valves 632a and 632b are closed
prior to proceeding with the deionization. The purged and collected concentrated ions
have economic value, as for conversion into solid form in the case of sodium or
gaseous form in the case of chlorine. It should be noted that sea water contains
significant amounts of beryllium salts, and these salts, if preferentially concentrated,
have value to the pharmaceutical industry as a catalyst,

[0030] Also illustrated in FIGURE 6 are cross-flow valves 654a and 654b,
communicating between a flow path 658 and upstream portion or chamber 626a and

intermediate portion or chamber 626b, respectively. Unfiltered water 201 loaded with



[ 0034] A nmet hod for deionizing water (201) carrying unwanted ions conprises
the steps of perforating a first sheet (612a) of graphene wth plural
apertures (312) of a dianmeter selected to disallowthe passage of a
selected first one of the unwanted ions (chlorine, for exanple), and to

all ow the passage of water nolecules |aden with a selected second one of
the unwanted ions (sodium for exanple), to thereby generate a first sheet
of perforated graphene (612a) A second sheet of graphene (612b) is
perforated A ge of wat er

nmol ecul es é\rQ%Iathotgc{ P%Hés%so@gén Skg‘%tﬁf?g ogd‘%g\{%eaggtsegg%z one of the
unwant ed |@h8r0VId@ft0kretaEib'%Z4QEmfamngaa wnwmarfdommaaxesofthqamdnaeat ed graphene

(612b) in I t he apertures of
the first eg@w%ﬁ%%?% P%gg Jﬁéﬁo thséggéﬁ Sﬁé%‘?ﬂ%ﬁ rs{*%%gabZa) and second
(612b) sheetesm@riedped ﬁlosealslﬂdzltgleaplymnepxageaxajvaxﬁ:'apaaﬂiszbtrespbd:tselgby forma
j uxt aposed,, gpqut#{aw |Fmgur8m%lhe§ltadgsefde def i ned by the first sheet (612a) of

perforated grap cfe |neeaS by the second sheet (6126) of
perforated grap¥at, andFIQUR&T s A GRSfedirepreskitatiohbbaeidnizingguiod t her ebet ween.
Tt anoceq Aot SRl lybAIR 3uR0R be el aflie iy (2023) OF 10
(612a) and7rereesprading {ah@p of JGURE 6 swaiesighatsid e likefreferbrrejalphermpesed sheet in

pr ef er ence piiREY, ind SrblRLSANE SURS RO BT . ARlAPLAEdRLer . The

nom nal | y dei oni ze wat er es are co Iect ed Tromthe second side
(612b) of inteecyjndsicabione @ad ipbrsied !ntqf@mpmummém'd@aam Z@b, conprises a .

Pho f1 ow ol eahies B o8 Mo Wil V5 Pl of Tons of &
particul ar typd0@3bdi um THoes skdirdiimtfiea)t wilAndastanddhat fonswethesthdnatiierinen t h i ons  of
[low of |t na s L Ay o8 eRlelb (5o o Bphaleg BtonePorat e sl O e
gr aphene sheet [B&3} or at e@ﬂmhomfowwnlzm water(camyng, univanted lp@r(ﬂ@‘dul ar enbodi nent
the flow Fap g ferd! ol BT e o ol A BBl Forated
Wi th apert%ﬁr%@) gefecizyl to 1"9\@3@]%59@@wa@molqoe@@?ndd@ﬂfmﬂp\sé@ pasfage st gr aphene
sheet perfgnatRaed\b [ flow of water

nol ecul es ar?d toedli%fﬁgaﬁ%ﬁéﬁ?ngw% %’%ﬁ@g) ;OQhé?%dy?%‘t]érélgpe (612a), and a
second gr aftffeistedgrpbeneddty).ds an eternativeha arpehieneisheet so peifaretedmanked to al | ow t he
(612b) . o Lo R S o e o I 2Bl Rl e he 1 omof
the first 98ppate(rspurized wael the Rress@izedwager ispapglied tosa fisst @2 i2eleyrfade ohat er | aden

w th ions @f pdeatdd 26a) is

provi ded forp rgptyldrrg&hgmﬁ)z\?vesgf gﬁﬁﬁwgé'%ﬁéon&vﬁ&ﬁﬁdgﬁéﬁg%&t he first and
second t ypBePgregad araphenpeshest insnrefeserns idinrs. Tieavater proletwesd@¥ a®i t h apert ures
ol T (A B e e ot e e e e
(626a) of ‘%%&elﬁfcﬁdwe gfrtaq)lh@nécféq'i@@ﬁheweﬁw&ré@amwmeabté? £RieTB8 di mensi oned to
di sal | ow tif drd QiR thf’g AaRBRetes dltaohﬂelf érfdstﬁe Jp\éﬂﬁes(aﬁgﬁﬁﬂma% (b) water |aden

d
with ions of the second type (Na) f hr ough II‘SF gr aphene sheet
per f or at ecPafediaparbt fiftgeneranemetemdn mrmeﬂe@m@memptthﬁesqqcmom the ions of

the first dwRGork@Palimt shathd PURRLd f&%ﬁb%@&e%ﬁgggoﬁh |Brkkeoffxbrﬁ|§£||?lgraphene
sheet perforated wth apertures dimensioned to disallowthe flow of the
i ons of t Hb fanpmetersydinmetes Bpdthe aggiures agapminaly spasedIrarty fiftRe" conprises a path

(629) for RARGhMESGHE nfehfawmfav} m&lb@e tu@ét@prof teRftBdngthd éheétfaﬂﬁerfafatédhe second type
to an upstream si de hene sheet erforate ertures

di mensi on@dapbeneu?é?e\wthwb@qﬁ@gf% eh mw@eua@ﬁweﬁqﬂwrﬁ@hsﬁwwdf Be -(612b). As a
result, (a) ions of the second type accunul ate on an upstream side (629) of
t he second graphene sheet perforated with apertures di nensioned to disall ow
the flow of the ions of the second type (612b) and (b) water free of the
ions of the first and second types flows through the second graphene sheet
perforated with apertures di nensioned'®o disallow the flow of the ions of
the second type (612b). A collection arrangenent (222, 224) is coupled to
receive the water free of the ions of the first and second types (202). A
further collection arrangenent (630a, 632a, 634a; 630b, 632b, 634b) may be
provi ded for separately collecting accumul ati ons of ions.



CLAI M5 What is clainmed is: 1. A nethod for deionizing water carrying
unwant ed ions, said nethod conprising the steps of: providing a
sheet of graphene with plural perforated apertures selected to allow the
passage of water nolecules and to disallow the passage of a sel ected one of
said unwanted ions; pressurizing said water carrying unwanted ions to

t hereby generate pressurized water; appl ying said pressurized water
to a first surface of said perforated graphene, so that water nol ecul es
flowto a second side of said perforated graphene sheet in preference to

i ons; and col[feé¥]i ng sai theltmtdeior deibeicingeratbr @ sedrdyiseuonmantsi desof sai d

gr apheneco%%tes the steps of perforating a first sheet (612a) of graphene with plural apertures
(312) of a diameter selected to disallow the passage of a selected first one of the
unwanted ions (chlorine, for example), and to allow the passage of water molecules
laden with a selected second one of the unwanted ions (sodium, for example), to
thereby generate a first sheet of perforated graphene (612a). A second sheet of
graphene (612b) is perforated with plural apertures selected to allow the passage of
water molecules and to disallow the passage of the selected second one of the
unwanted ions, to thereby generate a second sheet of perforated graphene (612b) in
which the apertures have a smaller diameter than the apertures of the first sheet (612a)
of perforated graphene. The first (612a) and second (612b) sheets of perforated
graphene are juxtaposed, to thereby form a juxtaposed sheet with a first side defined by
the first sheet (612a) of perforated graphene, a second side defined by the second
sheet (612b) of perforated graphene, and a path (629) for the flow of liquid
therebetween. The water carrying unwanted ions is applied to the first side (612a) of the
juxtaposed sheet, so that water molecules flow through the juxtaposed sheet (612a) and
the path (629) to the second side of the juxtaposed sheet in preference to ions, to
thereby produce nominally deionized water. The nominally deionized water molecules
are collected from the second side (612b) of the juxtaposed sheet.

[0035] A water deionizer comprises a graphene sheet (212) perforated
with apertures (312) dimensioned to allow the flow of water molecules and to disallow
the flow of ions of a particular type (sodium, for example). A source of water laden with
ions of the particular type is provided. A path (210, 226, 227) is provided for the flow of
the water laden with ions of the particular type through the graphene sheet perforated
with apertures (212). In a particular embodiment of this deionizer, a purge arrangement

(220,232) is coupled to the path for the flow, for diverting the flow away from the
graphene sheet perforated with apertures (212).

[0036] A separator (600) comprises a first graphene sheet perforated with
apertures dimensioned to allow the flow of water molecules and to disallow the flow of

ions of a first type (612a), and a second graphene sheet perforated with apertures
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2. A method according to claim1, wherein said selected one of said ions is
chlorine, and said apertures for disallowance of said chlorine ions are
nomnally 0.9 nanoneters. 3. A nmethod according to claim?2, wherein said
apertures are nomnally spaced apart by 15 nanoneters. 4. A nethod
according to claim1l1, wherein said selected one of said ions is sodium and
said apertures for disallowance of said sodiumions is nomnally 0.6
nanoneters. 5. A nethod according to clain14 wherein said apertures are
nom nal |y spaced apart by 15 nanoneters. met hod according to claiml,
further @owpsicsenhlp alin edipvoel walehietasiieg a§§|f@l digndew the Npwof Bnawoée
gr aphen | I

ecofd tgerfga 29)? wWREROH! |5‘§s {>) é s@béﬂo@ygéﬁ"ﬂi& eér@ H@r ﬁwta‘?@hé’ onts Sfelaim

rei nforcing he step accor
7, wher éhe ﬂsﬁltxcb@(tceip /bsomel&‘r@ 21|6c2w>es ptdvgﬂesitcépvatber lbé@rkwitg mmacﬁ tee gri d.

0 A et BEERL ) gk Q061 2Bl (6568 & BRI Bbpith 3G b TS

polytetra uoroe
water laden wrth ions of the first and second types (201) to the first graphene sheet

perforated with apertures dimensioned to disallow the flow of the ions of the first type
(612a). As a result, (a) ions of the first type (Cl) accumulate on an upstream side (626a)
of the first graphene sheet perforated with apertures dimensioned to disallow the flow of
the ions of the first type (626a) and (b) water laden with ions of the second type (Na)
flows through the first graphene sheet perforated with apertures dimensioned to
disallow the flow of the ions of the first type (626a) to a downstream side (629) of the
first graphene sheet perforated with apertures dimensioned to disallow the flow of the
ions of the first type (612a). The separator (600) further comprises a path (629) for
applying a flow of the water laden with ions of the second type to an upstream side of
the graphene sheet perforated with apertures dimensioned to disallow the flow of the
ions of the first type (612b). As a result, (a) ions of the second type accumulate on an
upstream side (629) of the second graphene sheet perforated with apertures
dimensioned to disallow the flow of the ions of the second type (612b) and (b) water
free of the ions of the first and second types flows through the second graphene sheet
perforated with apertures dimensioned to disallow the flow of the ions of the second
type (612b). A collection arrangement (222, 224) is coupled to receive the water free of
the ions of the first and second types (202). A further collection arrangement (630a,
632a, 634a; 630b, 632b, 634b) may be provided for separately collecting accumulations

of ions.
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10. A method according to claim1, wherein said step of providing a sheet
of graphene with plural apertures selected to allow the passage of water
nol ecul es and to disallow the passage of a sel ected one of said unwanted
ions conprises the step of: applying oxidizer to at |least a portion of said
sheet of graphene to thereby generate said apertures. 11. A nethod
according to claim 10, further corrpﬂ-é‘% the step, before said step of
appl yi ng oxi di zer, of masking those portions of said graphene at which said
aper t uVeisatde dained istesi red. 12. A nethod according to claim1, further
conprising: providing said graphene sheet with a thickness of approxi mately
2 nanoneters. 13. A nethod for deionizing water carrying unwanted ions,

sai d n®t Aodkthadrior dsioniginghveatst egnyingfunwanted ionpy, swiddnetjod cdmpeding theette psf

gr apheng perforated with plural apertures of a dianeter selected to

di sal | 8w t he passage of a selected first one of said unwanted ions, and to
all ow the passage of water nolecules |aden with a sel ected second one of
sai d unwant &tpvidhissa sheet of grapBoNeIWii Piral pedpratashansiturss splegitriealipethdr at ed

Wi th  plhUEalge 3P Gatdl e AMsEATRE iRl hds8gP8e5886ct0d oHBbESaidhRSMbES and
to disallow the passage of said selected second one of said unwanted ions,

said ap¥¥tures in said second sheet of graphene having a snaller dianeter
than said apertures in said first sheet of perforated graphene;

j uxt aposi ng peakdrifing sdid aatkrzacgng uahasted iaks tp rdreyederdrate ppdssodzddo t her eby
forn1a&%g§1aposed sheet with a first side defined by said first sheet of
perfor &’graphene, a second side defined by said second sheet of
perforated graphene, and a path for the flow of |iquid therebetween;

appl yi ng saPBpiviag spidguessyriref walkain @frst surtace of saif dperfpraded griegleenss, sg #iay

j uxt apwageﬁi nidi&&hes % foAded EI%‘fdeQS‘PEQH%%ﬁé?até@&abﬁg&%eﬁiﬂgﬁeﬂewﬂcé%’sEd

sheet and said path to said second side of said juxtaposed sheet in
pref er ®98ea@1%h i ons, to thereby produce noninal ly deionized water; and

collecting said water molecules from said second side of said graphene sheet.

2. A method according to claim 1, wherein said selected one of said ions is chlorine, and

said apertures for disallowance of said chlorine ions are nominally 0.9 nanometers.

3. A method according to claim 2, wherein said apertures are nominally spaced apart by 15

nanometers.

4. A method according to claim 1, wherein said selected one of said ions is sodium, and said

apertures for disallowance of said sodium ions is nominally 0.6 nanometers.

5. A method according to claim 4, wherein said apertures are nominally spaced apart by 15

nanometers.

6. A method according to claim 1, further comprising the step of reinforcing said sheet of

perforated graphene.

7. A method according to claim 6, wherein said step of reinforcing includes the step of

backing.
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collecting said nom nally deionized water nol ecul es fromsaid second side
of said juxtaposed sheet. 14. A nethod for deionizing water according to
claim 13, wherein said step of providing a first sheet of perforated

graphene and providing a second sheet of perforated graphene both include

the step of applying oxidizer to a surface of an unperforated aphene
sheet . 81§.mﬁhggﬁé‘i%‘gﬂg f%?'a'ﬂbrdmei‘?'ﬁéa\%sﬂeé}oﬁ’@@w@frl‘fg"dﬁﬁ%i‘ﬁ %f?Pno%? M8t her
conpri YithG gy ovi di ng each said graphene sheet with a thickness of

approximately 2 nanonmeters. 16. A water deionizer, conprising: a
graphene sheet perforated with apertures dinensioned to allow the flow of

wat er rpneRethes agddfdih@tltisin & el thd Putedbl drearRl Pid ie pPgtetianubrasthykpe; a
source of water laden with ions of said particular type; and a path

for the flow of said water | aden with ions of said particular type through

sai d graphenenshe®orddey folated whekdin 8aigistep @ providiig a Sheti P @rappengeanr di ng
to claim16, further conprising a purge arrangenent ccgu(gl,g to said path

for theWalGRerteigs sgleglerts atow HiePaspags Awaer Peirrdss angt ¥ BReet
per f or aheshgwidr B saRStddWrRSof sai®inwAntiel oM edfiprises eeditay of: @pplymigroxitizer wher ei n

sai d graphene sheet, h a thickness of approximately 2 nanoneters.
g at %ast a portrllon of sa{f1 sheet o% graphene to therglgy generggte sa}cl:l apertures. S

11. A method according to claim 10, further comprising the step, before said step of applying
oxidizer, of masking those portions of said graphene at which said apertures are not desired.

12. A method according to claim 1, further comprising: providing said graphene sheet with a

thickness of approximately 2 nanometers.

13. A method for deionizing water carrying unwanted ions, said method comprising the steps

of:

providing a first sheet of graphene perforated with plural apertures of a diameter
selected to disallow the passage of a selected first one of said unwanted ions, and to allow

the passage of water molecules laden with a selected second one of said unwanted ions;

providing a second sheet of graphene perforated with plural apertures selected to
allow the passage of water molecules and to disallow the passage of said selected second
one of said unwanted ions, said apertures in said second sheet of graphene having a

smaller diameter than said apertures in said first sheet of perforated graphene;

juxtaposing said first and second sheets of perforated graphene to thereby form a
juxtaposed sheet with a first side defined by said first sheet of perforated graphene, a
second side defined by said second sheet of perforated graphene, and a path for the flow of

liquid therebetween;

applying said water carrying unwanted ions to said first side of said juxtaposed sheet,
so that water molecules flow through said juxtaposed sheet and said path to said second
side of said juxtaposed sheet in preference to ions, to thereby produce nominally deionized

water; and
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19. A separator, conprising: a first graphene sheet perforated with
apertures dinensioned to allow the flow of water nolecules and to disall ow
the flow of ions of a first type; a second graphene sheet perforated
wi th apertures dinensioned to allow the flow of water nolecules and to
disallow the flow of ions of a second type, where said ions of said second
type are smablesting aid negiirally daionized ygtel maleates fgre said seeendtederf s@id er | aden
With i i d:first and second types a path for applying a flow
of saigﬂﬁﬁgﬁ?égg éh with ions of said first and second types to said first
gr aphene sheet perforated with apertures dinensioned to disallow the flow
of sai dai Rietfild RRUGohiNS weRReolHel 161k 35, WABSINaibaE of bickiardgpe
accurul ate on an upstrea S|dé o? said first graphene sheet perforated with
aper t ufiest sbieetwhpedriaigdiasartiesaland wraviding p 6arwd shgptiofirereraded garhens path type

and (b}, RkShe E@gﬁagp‘g%ig%io&ﬁt&ﬁpﬁ £ 8irfhc8 ¥F QR UnbaRPatbl YepHeRE QHEkL Sai d Tirst

gr aphene sheet p apertures dinensioned to disallowthe flow
of said ions of said first type to a downstream side of said first graphene

sheet per fr?%ﬁ%ﬁ%d‘tﬁé#&i&%ﬁé WhfeP aE’éd?@P%ic?&Qﬁjn {9 rQkisrlcbRprisihg: f1ow of said

ions of sal Irst type; a pa or applying a flow of said water

| aden with ions_ of said second type to an .upstream side of said graphene
sheet perf oPRVENYF3 9&388"&6 %f‘)aﬁ\tswg? Sﬁggpr}e(?s 8?@%9@8“}8?%5 P?B@\Vq%t?%s ai d
ions of said first type, whereby (a) ions of said second type accunul ate on
an upst1é§§ma?i %e. of said second graphene sheet perforated with apertures

di mensi' 8rfe A% 9GIP0%FT SRMPHEE] ow of said ions of said second type and (b)
water free of said ions of said first and second types flows through said
second gr aphanephsheshegiarerioraiedwithpertupe fimansiongd }f@ﬂ&%ﬁhécﬂoﬂ’d’fd\iaé%l | ow t he

flow Oh\&@u%sia%ﬂ% Qlsa ﬁi/gwesfﬁﬁp oﬁsy&% pdiiilar type; @ cOl lection arrangement

coupled to receive sald water free of said 1ons of said first and second
types. 20. A separator according to clai 9, further conprising an ion
col l ection ArsPHHG&YRer %‘fﬁ?l"@ ‘P'gs ?foe?é‘! P/%{p%"é?rc}y%%@ﬂ | ation of one of said
ions of said first type and said ions of said second type. '

a path for the flow of said water laden with ions of said particular type through said

graphene sheet perforated with apertures.

17. A deionizer according to claim 186, further comprising a purge arrangement coupled to
said path for the flow, for diverting said flow away from said graphene sheet perforated with

apertures.

18. A deionizer according to claim 16, wherein said graphene sheet has a thickness of
approximately 2 nanometers.
19. A separator, comprising:

a first graphene sheet perforated with apertures dimensioned to allow the flow of

water molecules and to disallow the flow of ions of a first type;

a second graphene sheet perforated with apertures dimensioned to allow the flow of
water molecules and to disallow the flow of ions of a second type, where said ions of said

second type are smaller than said ions of said first type;

a source of water laden with ions of said first and second types;
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21. A separator according to claim 19, wherein each said graphene sheet has
a thickness of approximately 2 nanoneters.

a path for applying a flow of said water laden with ions of said first and second types
to said first graphene sheet perforated with apertures dimensioned to disallow the flow of
said ions of said first type, whereby (a) ions of said first type accumulate on an upstream
side of said first graphene sheet perforated with apertures dimensioned to disallow the flow
of said ions of said first type and (b) water laden with ions of said second type flows through
said first graphene sheet perforated with apertures dimensioned to disallow the flow of said
ions of said first type to a downstream side of said first graphene sheet perforated with

apertures dimensioned to disallow the flow of said ions of said first type;

a path for applying a flow of said water laden with ions of said second type to an
upstream side of said graphene sheet perforated with apertures dimensioned to disallow the
flow of said ions of said first type, whereby (a) ions of said second type accumulate on an
upstream side of said second graphene sheet perforated with apertures dimensioned to
disallow the flow of said ions of said second type and (b) water free of said ions of said first
and second types flows through said second graphene sheet perforated with apertures

dimensioned to disallow the flow of said ions of said second type; and
a collection arrangement coupled to receive said water free of said ions of said first

and second types.

20. A separator according to claim 19, further comprising an ion collection arrangement

coupled to receive said accumulation of one of said ions of said first type and said ions of

said second type.

21. A separator according to claim 19, wherein each said graphene sheet has a thickness of

approximately 2 nanometers.
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