“re3eL>66/ Tt _L 1. 1. METHOD OF FORM NG A (CFx)n CONTAI NI NG ABSORBENT
COVPCSI Tl ON, | NTERVEDI ATE MATERI ALS EMPLOYED | N CONDUCTI NG THE METHOD 5 AND
METHOD OF USI NG THE COMPOSI TI ON FOR PREFERENTI AL SEPARATI ON OF A

FLUORI NE=CONTAI NIl NG GAS FROM A GAS STREAM CONTAI NI NG THEMWWMWﬁMﬁWO‘ The

I nvention The present invention is generally directed

form ng an adsorbent conposition, which contains (CFX)~ as thgsadsorbent
material. The nmethod is performed by m)il ng a (CFX)~ starting material with
a non fluorinated car bonaceous mat eri al and conpressing the m xture to form
an ~5 internedi ate_solid IS then fluorinated to produce the
final product. MMETHOPHRA F[d%MLMG A4Chxar @%T%‘NW%&B@RBEMB a dsorbent
conposition for the preferential separation of a fluorine-containing gas
froma gas stream containing the OEPQ3ITBANKground Of The I nvention

G aphite fluoride, (CFx)n with varying fluorine content , which is

?ﬁf;g:f?d by a INAERMEDIXTEUSA TERIALSSEMALSSY ERHUNXCONDIUBITENG THES an
METHOD
5 AND METHOD OF USING THE COMPOSITION FOR PREFERENTIAL
SEPARATION OF A FLUORINE-CONTAINING GAS FROM A GAS STREAM

CONTAINING THE SAME

Field Of The Invention

10
The present invention is generally directed to a method of forming an
adsorbent composition, which contains (CFx), as the adsorbent material. The
method is performed by mixing a (CFx), starting material with a non-
fluorinated c arbonaceous material and compressing the mixture to form an
15 intermediate solid body, which is then fluorinated to produce the final product.
The final product is p articularly suited as an adsorbent composition for the

preferential separation of a fluorine-containing gas from a gas stream

containing the same.

20 , Background Of The Invention

Graphite fluoride, (CFx), with varying fluorine content , which is

expressed by a range of values for the subscript x, and where n is an integer,

AN
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¢

2 has been known since the 1930s. Such conpounds are generally produced by
reacting a finely divided non-fluorinated carbonaceous material (e.g.,
graphite) with gaseous fluorine (F2) at elevated tenperatures and fluorine
partial pressures that vary with the reaction tenperature. G aphite
fluoride s possesses significant physicochem cal properties such as | ow
surface energy, low wettability as a result of its high hydrophobicity,
superior lubricating characteristics, and oxidizing ability nmaking it
ideally suited as a lubricant as well as 24 packing material) i.e.)
adsorbent, for use in gas-chromatographi c anal yses and for the separation

of a fluoringaseRbAIKNMA Qﬁéeftﬁ?‘fw@@ Shfzﬁ%ﬁwp‘b?lﬂpﬁied?ég:%gbgbﬁlmﬂﬁu?gd‘e

properties of (CFX)n and possible utilrzation o I'SCl osed,
for exanple, i L Kita et al LAmer . Chem  Soc., 1Q1: 14, pp.
3832- 3841 ( 1B¥3?%(&?‘?22%?B‘S‘Nﬁ%ﬁeﬁé\p@rﬂy%@"aﬁ%ﬁ?f&ﬁ@@?e@%mt%ﬁ?@w i de has
been enpl oyed specifically as a col -packing ~ s material for use in gas
chr omat ogr apﬂﬁ%@ Wétﬁrgﬂ%%‘érf&‘ﬁﬁ'ﬂ@%%tﬁ(ﬁﬁv%‘# emecratarpsenchiiwriig ect i ve
means for separating a target gas) e.g. F2, froma gas stream In

particul ar) Partiebpeessusessthativahy withithe egantiontemperatore.t Graghitufiorideat t hey
are tenporarily adsorbed by the packing material and desorbed after a
conponest - sppossassepsasignificarit physizochemical gropesttiesisechastiow Bagfakergieigyf 20
time before desorption is determ ned by a physical and/or chem cal

interaction fe w@ﬁabﬂigﬂasﬁ)é%kﬂﬁ of s ﬁyﬂycﬁaﬂhéﬁﬁgg%gﬁéﬁbpﬁlbgieégﬁ@ e ! oo

D fferent gases are adsorbed for dif nt perio Ime, an

m ni nrum | eng - Jl i Jo s he . nend i are to be
separated | BapidsErand o8 BEIE kG I BRBRE R 88 o it
separation takes place.. When a colum, i operated with just a soljd packing
nat eri al thewﬁﬁ@@e%ga&gn%éﬂgtte&?'yer'@déw t "H§e¢‘&§a§tdhi"€f“@mﬁﬁh'ﬁgraphy.
Wien a solid packing material is coated with a liquid so that the gases

i nteract witAnalyses agdifer theasenasationeha duprinecostaisingafasrfrem gas steeams
gas-liquid chromatography, and the solid packing material is referred to as
a sol i dosuppoentainthgfie samel uthe popesteadi(EH¢eand ppbsipkdutilization of the
gas-chromat ographic 1 o analysis of reactive fluoride gases such as the

direct separ samerarefdiédlossd, for 6rample?n YBsaBHP KRaRAGE, Of Afef! Bhem. t hat
contain nitrogen gas (N2), oxygen gas (02), chlorine gas (Cl2), and various

chr omat 0gr aphe S Wy spE OS2 RBAITIOT), MRLrafod RN G refied,

i ncorporated herein by reference. 15 The graphite fluoride adsorbent
material of the invention is particularly suited to treat m xtures
conprised of F2 and conbinatiops of such gases as) NF3, CF4, C02, N20,

Si F4, and SF6 in g;,raelmtq uejide has PrenempiaHes seaeilicalieasasolumpntpacking i al
may al so be used to purify fluorine gases by renoval of 20 hydrogen

fluori d8 gasmatfjalifaevse irngas Thereatograpys dsasrehromatognaphiodosthodaiwere

i nportant through the use of cyclical tenperature and pressure sw ng

adsor pti on pdevelopedintotdffestiee méans fohseparatiagtd tmd]elegwl&%l.%, fione agr aphi te
fluori de adsorbent has to be shaped into nechanically stable 4

macr opar ticl gas sfrebit I partioBlak varions gaRBE xhBitaititbicht rbteRlibAtimes asderal Iy
produced as a | ayered conpound
that they are temporarily adsorbed by the packing material and desorbed after
a component-specific period of time, for a given adsorbent. The length of
20 time before desorption is determined by a physical and/or chemical
interaction between the packing material and the adsorbing gas species.

Different gases are adsorbed for different periods of time, and, if a minimum

length of a time is achieved and the components which are to be separated



synt hesi zed by direct fluorination of non-fluorinated carbonaceous
materials with fluorine gas at el evated tenperatures typically in the range
of 300 to 650C. Various carbon materials (hereinafter referred to as
"non-fluorinated carbonaceous material s") include, specifically, natural or
synthetic graphite. Qther non-fluorinated carbonaceous materials and
processes of their transformation into graphites and fluorinated graphite
are sought to nmaxim ze performance over cost in producing desirable
adsorbents for gas separation systenms. Ef¥icient adsorption of inpurities
froma gas streamby a (CFX)n adsorbent preferably occurs in the

t enper at ur e diffegeufficidritlyth ahGirteteABOtin@s 1 Sffakel s tichfag( %rpf?;@é_abl y from
about -130C to about -40C, and nost preferably for "about - 8 to about
-40C. Further, efficient adsorption of the inpurities on the (CFx)n
adsorbent preferably occurs in a pressure range of fromabout 300 tort to
about 2,000 tort, [ referably, fr.om gbout,. 500 tort to_ about 20 1, 200
tort. Graphite f|¥‘@?¥hgo°|°§"§”h§ Bﬂ?@t%%yftﬁé%%@ $QJ[S’§P%CM9 petefiaidhet cannot
be wetted (i.e. it does not absorb or otherw se associate with water

mol ecul es). Prasessiis genanally reiered te asgas-solidiehipnategrapbyi d¥hes a salidsent s a
problemif the graphite fluoride is used as an adsorbent such as for gas
chr omat 6gr aphgcling natekalde gaatad with aritjupdiso thatahe gases dnesmtwithThes i s
because the starting mcroparticles typically in the (err)msize range nust
be transf or niglid woatiby AP PFAdek s réfitb8 ab ¥ JaR-lidifd BRIcTh#BgFFHHIE-
Gaphite fluoride and related (CFx)n materials are desirably Tgor dinto
such macr opaghé ! St j h as pellets,

ext rudat es anic]lldj g&iﬁ%ﬁ%gb&?ﬁé %ﬁ;a&épéltlg*?%fgnﬁg 2@%595%@%%@@#'% adsor bent .
These shaped objects have a size typically in the range fromabout 0.1 mm
to 10 mm and preferably in a size range of fromabout 1 to 5 nm The

preparation of (Cgx)n. erials for use in adsorbents typically involves
fluorinating a ngﬁ-r%ﬁ;h]{gﬁlﬂféﬂ has a5 Peesssrionedin arsshsomatographjcaphi t e,

whi ch exists as an extrenely fine powder with sizes of typically no nore
than aBBut 2anglysiswf reagtive flugsidesgdsesisesh astthe direct separatiSnof fIUGRME N

m croparticles are extrenely low in surface energy and are, thus, extrenely
hydr ophobi c. gas (F3 in/ﬁTQ/pmiséhbeoftnikturersrmaat:@nt@&ﬁhmmehig“dse(wzb,rbﬁbénf or m of
mechani cal |y stabl e shaped objects (e.g. pellets, extrudates and granul es)

for 20 use agasiOg) UBriRBYSENTI AR PATUITMIBENBonkY I FRideHuIdY e T ange of

1 to5 mmfromsuch mcroparticles. In particular, t m croparticl es of
the starti ' ’ h hobi hat, .t h
very i 11 corr P i B JLoRe 5Faa BhionPaBin ShVRE s Blsclibiing ™ ™'

processing. §Pesidhi Ko, 3,877,894, incorporated herein by reference.

15
The graphite fluoride adsorbent material of the invention is particularly
suited to treat mixtures comprised of F, and combinations of such gases as,
NF3, CF4, CO2, N2O, SiF4, and SFs in order to purify the F» component. The
adsorbent material may also be used to purify fluorine gases by removal of
20 hydrogen fluoride gas (HF) therefrom. These processes have become

industrially important through the use of cyclical temperature and pressure
swing adsorption principles. However, for their practical execution, the

graphite fluoride adsorbent has to be shaped into mechanically stable



6 when trying to directly conpress the sane into a shaped object. The

m croparticles of (CFX)n, when handl ed and) especially, when subjected to
pressure, becone airborne and thus will not be available to formthe fi nal
product. 5 It would therefore be a significant achievenent in the art to be
able to provide a process for producing (CFx)n adsorbent materials suitable
for use in packed colums, in which the problens associated with the
handling of (CFx)n mcroparticles can be reduced or even elimnated. 10 It
woul d be a further advance in the art to4rovide internediate materials
that can be readily formed into the desired adsorbents w thout the probl ens

associ at ed Wridergidriledin tHY ARRSRESsizdrapiggrary O The Invention The
present invention is generally directed td a nethod of form ng an adsor bent

conposition suitable for preferentially separating a fluorine containing
gas froma gas streamcontaining the sane, in which a (CFX)n 20 starting
material can be r Lhel ¥y shaped into, macroparticles and used without the
probl ens typical | ?;Pééfﬁgec QTP Riganeraly %ng"gﬁ‘?r@ﬁta ByelgdeomMREURt eri al s of
(CFX)n in the form of m'c;roParti'cI,es. 7 In a particular aspect of the
present i nvedXNtBgsized bydinest fuerination of nan-feeringted camonpcgaua deatehalst
conposition suitable for preferentially :

5 with fluorine gas at elevated temperatures typically in the range of 300 to

650°C. Various carbon materials (hereinafter referred to as “non-fluorinated
carbonaceous materials”) include, specifically, natural or synthetic graphite.
Other non-fluorinated carbonaceous materials and processes of their
transformation into graphites and fluorinated graphite are sought to maximize
10 performance over cost in producing desirable adsorbents for gas separation

systems.

Efficient adsorption of impurities from a gas stream by a (CFx),
adsorbent preferably occurs in the temperature range of from about -160°C to
15 about 20°C, more preferably from about -130°C to about -40°C, and most
preferably for about
-80°C to about -40°C. Further, efficient adsorption of the impurities on the
(CFx)n adsorbent preferably occurs in a pressure range of from about 300
torr to about 2,000 torr, and more preferably from about 500 torr to about

20 1,200 torr.

Graphite fluoride is a highly desirable lubricant because it cannot be

wetted (i.e. it does not absorb or otherwise associate with water molecules).



separating a fluorine-containing gas froma gas stream containing the sane
conprising: s a) conbining a (CFx)n starting material with a
non-fl uori nated carbonaceous material, wherein x is fromabout 0.6 to 1.2
and nis an integer, to forma mxture; b) exerting sufficient pressure on
the m xture to forma shaped solid body; c) heating the shaped solid body
to a tenperature of at |east 100C to forma heated shaped solid body; and
d) exposing the thus heated shaped solid body to a fluorine containing gas
under conditions sufficient to fluorinaté the heated shaped solid body to
produce a (CFx)n final product wherein x is fromabout 0.5 to 1.2. ~5 The

m xture for nEhistghatacteristic) wviikkeide &S} lubiicahtd, PeedEHtS bl b [F the

non-fl uori nated carbonaceous material is held together by the conbination

of the two ngiphitalRioRuens ugég!a%geﬁpﬁ%’%cﬂ%HPﬂ%ﬂﬁ%@{dth{%;crﬁngﬁaﬁé%rSEgt hat

provi de the properties of bindi and/ or we b that

the resultin ' ccessfully conpressed i.nto a nechanj.cally
stabl e soli d%@g@i@%&ﬁ%ﬁ%@%@@r@@amPé?%sgg%l 1S 15, PecRUSe 44 SEMRA h 1 he
present process, t&.e CFX%:S starting material renmmins dispersed in the
non- f | uori naf&gORARG BSaYY Huther irsizg rngen@ust be dransfarmed ipt one

ai rborne when pressure is applied to formthe solid body. As a result, the
pr esent 5pr oce@sropagtiees nga'g'sintthe mMesiz@nngessoci ated with attenpting to
directly conpress the mcroparticle sized (CFX)n starting material. In
accordance wth the present invention, the m xture, after

Graphite fluoride and related (CFx), materials are desirably formed into
such macroparticles typically as stable shaped objects such as pellets,
extrudates and granules, in order to be used as an effective adsorbent.

10 These shaped objects have a size typically in the range from about 0.1 mm to

10 mm, and preferably in a size range of from about 1 to 5 mm.

The preparation of (CFx), materials for use in adsorbents typically

involves fluorinating a non-fluorinated carbonaceous material such as

15 graphite, which exists as an extremely fine powder with sizes of typically no
more than about 2 microns, more typically less than 1 micron. Such (CFx),
microparticles are extremely low in surface energy and are, thus, extremely
hydrophobic. It is very difficult to prepare macroparticles in the form of
mechanically stable shaped objects (e.g. pellets, extrudates and granules) for

20 use as a column-packing adsorbent material typically in the range of 1 to 5
mm from such microparticles. In particular, the microparticles of the starting
(CFx)n material are so small and so hydrophobic, that they are very difficult to

handle, and a significant amount may be lost during processing, especially



s conpression to formthe solid body, can then be readily fluorinated to
ensure that there is sufficient fluorination so that the value of x in the
final product is fromabout 0.5 to 1.2, preferably about 1.0 or higher. It
is inmportant to consider that the conpressed solid body expands when
undergoi ng fluorination. This expansion nmay be up to about 120% of the
original size of the solid body prior to fluorination. The resulting
expansi on can cause mnechani cal decay. Therefore, the relative anount of the
starting materials used to formthe mxt®e as well as conditions of the
process steps such as pressure are considered to achi eve sufficient

mechani cal siRbh iyt fbfdirételyfddiﬁ;bre@wﬁéleéme[?ﬁfoaé%fégpé%gfé;cﬁ;ggg O _The

| nvention The method of the present invention produces (CFX)n 20
adsor bent pr |G b ff hvely used tq preferentially separate
a fluorine- c@ﬁ#g %?%Sgégs(%?%éh%ah%nfIfaquidﬂ')f@gxgaés,pefﬂﬁalryo E’ﬁnfquﬁéﬁq?%‘éy‘bas or

f I uor ohal oc %ons froma gas stream contajning the sane when used in a

col um or ot Ps'ériemble&f)"\?e@g%qmﬁﬁéwot%f"?éﬁ' nPB&éM%ﬁ%@f‘%f@@b%%’tﬂ'on and

9 purification processes. The starting material enployed in the present
process is aprPég n starting material, in which x is fromabout 0.6 to 1.2
and n is an integer. Unlike prior-art processes, which imedi ately attenpt
to conpbess the (CFX)n starting material in the formof mcroparticles
(i.e. fine powder s having a particle size typically no nore than 2

mcrons), the presemuld HerBidrebecs SRinfTRaINt B&wié&&ﬁbﬁhﬁmbtdrﬂﬁ% tg@tasrei @ wth

a non-fluorinated carbonaceous material, prior to shaping In

macroparti cl ; i i } u T -fl.uorinated
car bonac eous&%”tdeér? Ef@éréasé fggﬁgdr@cir\i%é@g? g%%&géagﬂqrﬁﬁﬁp@ﬂﬂ%%rnu sein

fl uori nat ed, b 0.Se ate the fluorjnecontajnin as . g.
fluorine gaseé%%grﬁ%éﬁﬁgt e‘%{ﬁlﬁﬁ%ﬁ%‘?ﬂﬁwj q\ﬁgcggf.éw%ﬁhg fﬁgqﬁw Gg&i"’%éo ed
carbonaceous_materi.al chosen for use in the present invention is not
graphite, itMERECEs N be redigeden evansglimivatadaphi ti zabl e. ~5 Suitabl e
exanpl es of non-fluorinated carbonaceous materials are natural or synthetic
graphi f@, tars or pitches of petroleumand coal, particularly coal-tar
pitch, partially graphitized tars or pitches of coal and petrol eum (or

ot her very hi gh- booufybe e fuethev advandalingths)art o@videdhmddidgr s, carbon
mesophase materials, and conbi nations thereof and the |ike. H gh-boiling

petrol eum  materials that can be readily formed into the desired adsorbents without the

problems associated with prior art processes.

15 Summary Of The Invention

The present invention is generally directed to a method of forming an
adsorbent composition suitable for preferentially separating a fluorine-
containing gas from a gas stream containing the same, in which a (CFx),

20 starting material can be routinely shaped into macroparticles and used
without the problems typically associated with the employment of starting

materials of (CFx), in the form of microparticles.



20 residuals are those materials obtained as residual conmponents fromthe
hi ghest boiling fraction of gasoline production, and include, for exanple,
bi tumen, asphalt and the |ike. 10 The non-fluorinated carbonaceous

mat eri al s possess sufficiently high surface energy that they are no nore
than mnimally hydrophobic. Thus, they can be readily conbined wth the

hi ghl y hydrophobic (CFx)n starting materials to forma m xture, in which
the mcroparticles of (CFx)n are uniformy 5 dispersed in and thereby
assim | ated by the non-fluorinated carborfaceous material. The resulting

m xture may be readily conpressed, to thereby forma shaped solid body)

heat -treat ed and, I Y. i ock" treatnment. 1o
The mxture of T § BRARS A e FEERSPER bieslnt HLRRTL e R hrsr bRd eCa

car bonaceous j i cal | onprises from about_ 70 to 95% by wei ght of
(CFX)n, pr ef@;égi) ybang%é maﬂ§°59£r@ﬁ9%&'tppﬂ?@§§%ﬁ0f@rﬁ rapallyy wei ght ,
preferably 10-20%.b i ght of the non-fluorinated carbonaceous materi al
based on t heSHHAAING@iTaNngrcantaininggas om gae sEeaAatCOMBINng e same( CFX) n
15 starting material is about 80% by weight and a preferred anount of the
non fl uori na@@BPASINBonaceous material is about 20% by wei ght based on the
total weight of the mxture. It will be understood that the amounts of both

the (CFX)n materia) an@bmb'mim%aécwmétamhgdnéwribpvvﬁﬁ%phlénmabﬁﬁé@'d_ may vary
over the broader range described above, especially if other materials are

added to 20 ' ! I ra alsk 41 r{i.cC
advant ageousé%}goﬁggé%%f?‘?g?ﬁ%pgﬁ?? F?ferghpngﬂ;)é@l%grté r?a gﬁac&afrsbéoﬂ]@%%eds

materials a " .of the m xture suitable for form ng shaped
macroparti Clstggfpﬁﬁ%f?ﬁnﬁgfeng step is perforned in a manner sufficient to
preferably 11 provide a, unifgrmm xture of the starting materials
typical Iy under athospP&Tting ﬁPg‘&‘?ﬂté)rﬁwrﬁrﬁﬁi ptmptwedafermm shanesol y t he
starting materjals are conprised of the (CFx)n starting material, a
non-f | uori na84ld ReMbonaceous naterial, a binder and optionally a wetting
agent. There are non-fluorinated 5 and partially graphitized carbonaceous

materi &0s that setie asedtingthe srepedrsclidbony ther tepmsératirenfig 144JtX) n
generation by fluorination and as a binder. Mxing a (CFx)n starting

mat eri al thc&mwfofﬂn@hém%ép%rdMia%aoﬁaﬁate”al is preferably

performed under conditions sufficient to forma honogeneous bl end, for
exanple, within rop, 'P}{s | i . | L ow IHor. lo formation
of seeds or coregd))gf aé*o ?"ﬂ@d@%%ﬂ%ﬁ%@‘ﬁ?g%8063&}:%?f CIR&" at a speed
of between 5 nd 3, 000 rpm The thus_ .prepared mxture is s ed into said
macr opart i cl(’goglt%@ﬂkq:% ¥ HP%%%%%’BQ“%&S ﬂ?fgg'ﬁpg&ﬁ'&ﬂ”aé???%E‘PB'FPJ;%EGP“

granul ati Oné"g‘é(B The formation of a shaped solid body (i.e. "shaping") takes
pl ace at pr &igradyieproduer adChxsfinal product nhargins pisrammakout 9.5 40 My2.
stable solid body_in the range of up to 10 mm preferably 1 to 5 mm In
shapi ngS by dry prER&Migure farmedeby apmbining the (€ing, atastihg dnatedsl with aypi cal | y
in a range fromabout 90 to 140 MPa, and the tenperature is typically

ambient. In mmagmpdmrm«ammnnatelﬁelmn@wn@gm@pm@b aenifedionsd i s
kneaded in a typical kneader of appropriate size, and then extruded, for

exanpl e, by tABaW® rAhtelialy ABABHin %éhﬁihétbb?ﬁuﬁﬁbfﬁﬁéétﬂgiﬁf&atrhﬁi ngrvsi@ﬂ%' ng by

granul ation may be perfornmed in Eirich rotating- type m

oxert on of EiHe e AnE RERS yBling 1 T iteGiR ST BT Hethe o
P ORI PR Sfe Sy e B S8R s Methanzaly SEatte ol oy ™ °
20 in the form of macroparticles. In accordance with the present process, the

(CFx)n starting material remains dispersed in the non-fluorinated

carbonaceous material and, therefore, cannot become airborne when

pressure is applied to form the solid body. As a result, the present process



5 hardeni ng the shaped nmacroparticles conprises heat treating the sane
typically in a chanber kiln or rotating kiln. The tenperature of the heat
treatment step will generally be at |east 100C, typically in a range of
from about 100 to 500C) depending on the type of non-fluorinated
carbonaceous material, the type of optional binder and the shapi ng nethod.
A preferred 1o tenperature range is fromabout 150 to 500C. A nopbst
preferred heat treatnent procedure for pellets obtained by the dry-pressing
met hod, is conducted at a tenperature of 8&bout 200C. Besi des hardening,
heat treatnment renoves water and other volatile conponents fromthe shaped

body which i g;Reheasd L Ql i | r ] t

el evat ed ten%le"r%at ur eg%?@'ﬁﬁggééaﬁégﬁ%@5@%@@%&?&6@% 8&?‘%&%%@0
"cryogeni c-shock” treatnent at,. typi.cal cryogenic tenperatures, to further
assi st in stHB?’PPEFI?SE a'ﬁﬁaﬁg?d)ﬁrﬁ\fgﬁ'ngﬂﬁat?ﬁéged body. The tenperature for
this treatnment should be sufficiently bel ow the 20 tenperature antici pated
for the process of the separation of the fluorinecontaining gas from gas
streans containi n? t he sane. The "cryogeni c-shock” treatnent has the

pur pose of st abi | inzaegprdarcaditbrtbe presarttémveaitionnther mixteres xdfteene condi ti ons.
It al so serves the purpose of testing the nechanical 13 stability of the

adsor best undempréeicn &afSemethiersoile baydcan thsn bd PeadifyMitHated PEKs N be
applied to the shaped bodies before or after their post-shaping

fluorinationg, qﬁé@riggbﬁic@,{tq{upgﬁgg%\ W lthatifie JBRIEST )?hf etmlgtrgcﬁﬁqi%cri bed

procedures include formng so es I'n macroparticle size le for

t heir usage r if a ecolumm or. qther sych vessel appropriate for
processes of ﬁéﬂfg%?%tgfsgi 1aé:cpr§€ep53$ll¥tqb(9Ht gfd]ﬁ%%'gg.er-Typi cally the size of

t he adsorbent material wll be in the range fromO0.1 mmup to 10 nmm and,
preferably, in the range of about 1 to 5 1o mm Thus, the fornmation of the
solid body includes typically mxing the starting.materials until

honogenei ty has bHdsirmpedarido consisies $ratithe chepressed solichtoteexpamdsat i ng t he
m xture as well as sone type of granulation, extrusion or other simlar

pr ocessiovel | wheawndesgsihg slectihatiordi Thisyexpainsion maly e @b to Absuf P2a%Rg | ar ger
si zed bodies fromsmaller sized particles without 15 materially changi ng

the basic prapesigingl $ite bithessaiid t%dysﬂ:)ﬁ(ﬁqtoﬁgl'bghﬁli@ﬁ: THRGBsifgshaped body

is forned and treated I n accordance Wt resent i nventio

conposition [ : - of.nat r bgnaceous terial,
Such a5 nat uPsrRyot Sah Falite mitthoR iR Bebas ThBRrBle. 1B P5R4F BBl urm and
coal, particylarly.coal-tar pit artiall raphitized tars or pitches of
coal and pet %taﬁ,rtgomag)qr@& B%‘??p ﬂﬁﬁhﬁ"ﬁdpl’%ﬁﬂfé ﬁi‘t"? IaéLﬁﬁ'\d&Qr@LFéfltB?, coke,
bi tumen, carbon fibers, carbon nesophase materials, and conbinations

t hereof and PRCESSIBEEPSBHINAT BFEISHES areconsidercddoachievesdtioieat t he desired
14 (CFx)n final product. Depending on the type of non-fluorinated

car bond&eousmeshanical stability otthe fingdprodunt. of t he sane under goes an
"oxidative reaction"” of carbon with fluorine (i.e. the carbon is "burned
off') to conpensate for the expansion caused by fluorination. This step of
the process is acconplished s by exposing the dry, hardened and optionally

cryogeni cally shocked soli dD@PﬂDédt@eédrﬁ[‘ﬁbh@f “ﬂ?él@é@rﬁiohe”per ature and
pressure sufficient to both Uuori na i o that the value x
inthe final material is suitable for the desirable adsorbent, and to "burn
away" part of the non-fluorinated carbonaceous material. 10 Dependi ng on
the tenperature otl. fluo iaation and the extent of fluorination) the
reaction time and PRANEHGPESL the pF ifgngen pregdugessa shapreddkiht ed
carbonaceous material wll var%. Thus, careful control of the fluorination
éR

proced@Pe i sadeerbeabp@duct whipheanibe effeativebrugeadio preferentialypsepdrate a

fluorine-containing gas such as fluorine gas, hydrogen fluoride gas or
fluorohalocarbons from a gas stream containing the same when used in a

column or other similar vessel appropriate for adsorption-separation and



15 raw non-fluorinated carbonaceous material that is enployed. Furthernore,
for a given reaction tenperature, the value of x in (CFx)n, which
characterizes the fluorine-to-carbon ratio of the graphite fluoride, wll
decrease with increasing pressure of the fluorination gas (F2). The
tenperature of the fluorination step wll typically be in the range of from
about 300 to 650C, 20 preferably from 400 to 600C. The fluorination step

will be typically conducted in a closed vacuum systemw th varying parti al
pressure of the fluorine gas) of the typeé described 15 in detail by N
Wat anabe et al., Studies in Inorganic Chem stry, vol. 8, Gaphite

E‘JE? ence, 1T gengen 0% %re%?”%*}%%%ﬁ‘iﬂ@"maf%‘f‘%%@W%@Jﬂi@%‘éﬁ?ﬂf#rﬁéﬁasbgs
i 2,0 3 . 200 00 . T \
' the 11 hal g Gefude SEBUSY il FBGnoc it abput bRt dansin oo (1

depends on seyer al 'qii(erc_onnect ed variables. The principal variables
i ncl ude t he 'BHERcHNIEE RIS RiPCEPS@HWhieh immegliatalyeattempt topzanoprese si ze,
mor phol ogy of the non-fluorinated carbonaceous material, the degree of 1 o
f1 uori nat i onther(&diodn Statting: matariad irf theoformeofgaicrasartciesfice.i fove péwilemne)
tenperature and partial pressure of the fluorine, i.e. the extent to which

the nonsf | uohaviag echarticl s typicallyrioanied tHAMIR FIORH S AAE Presart ihvdHtidhons of
fluorination and "burning-off", as well as the purity of 'the fluorination

gas, 15 For eXABPS thé(OFL), MartthhateRapAR o AGHAGAMALR G- th X

in the range from0.6 to a non uori nat ed carponaceous terial

very roughly, f. n_,,and presupposjng thaj about
hal f of the W%ﬁé}w 'jOI‘I AQ%%%B@‘%'ﬁé@@@é&%’ﬁé@éﬁw!cﬁw|h?V!51@ a ﬁﬁf’ﬂﬁﬁ%o%(?'
during the process of fluorination, an approxi mate conposition of the final
(CFX) n produ'an'ZO can be assessed by accounting for the anount of

non-fl uori nated carbonaceous material fed into the shaped process, the
tenmperature as well as fluorine pressure applied in the
fluorination-process chanber. By way of exanple, if the non-fluorinated
car bonaeeous mat efhehoo#fluohieatadacarbogactausimateridl tnay bar hi darBn anount
of 30% by wei ght, the x value for the conposition before fluorination wll

be appr oxi manatatiabfwlich when fludtinted Wah§ el FtEtod ine-
approximately 0.5 < x < 1,02, if half o? tehe orlo\é!léréaﬁr?%%ﬁlwwgri nat ed

car bonaceou oY i &, ' r I fluorination. f one
further s pfceifﬁédggdﬁ%% (?et%gﬂ{{ E%rgén%-f{%}ﬁggrs bsgﬁe%ﬁ ?%“‘PB}'“Q Hée I r# ﬂg and
original no ! d.carbonaceous nmateri al assunmes a value x "' 1, then
the final (%’i‘ﬂ%’lﬂrga%@tcaﬁ?‘maﬁ?ﬁ’\'fé Mategial,gherenyior Asprv fhekresapto. ss < x
<1.17. Thus,. th .de.%r e? of flugrination of a final (CFx)n product (i.e. the
val ue of x) 'WEMIALSIQt graRRite. dds preferredHEsyeh materalis graphitizatdsx) n
starting material (i.e. 0.6 < x <10 1.2). Due to the very conplex nature
of thel2onpodiitable gxamplemal man-fluptinated csirbanacenastmaterials arehatusaldir i ng
fluorination, the final (CFx)n product will have a fluorine-to-carbon ratio
typical |y alsymthéi graphite tars bhpit¢HEdMpettaietinehdBo & Pahicuiélﬁdw&ar
materials may be added to the mxture in the initial step of the present

process. Suqkltoﬁ?béﬂiaﬂyﬁréﬂlﬁﬁﬂgcfta% %‘F%ﬁtéh%é;%f 8baliid | %‘tg?llﬁgﬁgzosr'otllnér vad,! be

under st ood that some non-fluorinated car aceous serve not only

as a source { t r i of bi nder., A suitable
exanpl e of arq %(r?%iifelgg)r%%hgé @h%'ggir&g%ﬁsgtg@(ueg C%gﬁeﬁ f'gérswc?ﬁ’% mgSRghase

ti i -t itch. .Bi dd t ist inth
Formati on_ of "R Rl a8 AirebatahmtidsoelAimae e Histhanh oaPesoRIT  ty of
t he conposition dPri n% processing into macroparticles to prevent decay of
the fifhl prreddeaisRere; h@sﬁwtpﬁagr%@@%s’a%ﬁespﬂjﬁlEDUmdrmmt%lfrdrTsimar ation of

gases. In particular, _
highest boiling fraction of gasoline production, and include, for example,

bitumen, asphalt and the like.



17 binders may be used for this purpose if the non-fluorinated carbonaceous
mat eri al as descri bed above does not entirely provide the desired
characteristics to the mxture within the range of amounts for the starting
materials. 5 A binder nmay be any material which can effectively be included
in the mxture to forma nechanically stable solid body and whi ch does not
interfere with the adsorption properties of the desired product. Exanples
of suitabl e binders include polyvinyl alcohols, epoxy resins [e.g. SURA,
which is a 1o hydrophobi c epoxy resin (di@licidyl ether of bisphenol A)
with a fluorinated prepol yner as hydrophobi c agent) supplied SURA Chem cal s

GrbH, J , Ce al ' I fl.uori d
ol yirers (e. 0. pol ot eeTARCHniet FyPohaGeiimel o hBReSy s R PigH o
6900N sol d b kdal M . . Th f the bind
when used | e RCRRr e PGy PHS pRinOERRh Tinkeln By orapbebis. Hhis. (hey

non-fl uori nat ed carbgnaceous material is fromabout 5 to 30% by wei ght
based on t heC%er%Fe%gﬂgcmm@f’eﬂ éthsthe; kighly dyydrophahic (CFed startiogimaterialse
bi nder wi || tyfpi cally be about 10% - 20% by wei ght based on the total
wei ght of t HeTeBMiadmbddse, irpwhithethei micoogarti€les loé (CER Jane sinfotmlyg nat er i al
and non-fluorinated carbonaceous material may include a wetting agent.

Typi cal 5 wet tdispgersgdrin andrihérety dssimilatall bytab hohelbriritdd ' panol ),
l'iquid al kanes (e.g. noctane), liquid flibt?lor oal kanesrl (e. g?gtbeordﬁ%%gplgnat ed C6

171,171 G o omethane) -1 SIBGIES (g o el tbparitb P
Cthanol | 1 s iR Ak RER L BEEE ik SPTREEL GxPPReH na ShResAIbuNt of

the wetting ent . W)l typically be in the range of from about 10 to 50% by
wei ght based&g’ﬁﬂt H’ga{n&?rgr wei ght of the solid ingredients before shaping. A
preferred amount for the wetting agent would typically be about 30% by

wei ght. As previously indicated, the wetting agents will typically be
driven off fromthe shaped bodi es during the post shaping heat treatnent.

10 ThelQ CFx)n st akhe mixtuee ef thel (CFix startithgi rhatetial BhE 388 hohMRHNzesy My be
purchased (e.g. CarbofluorTM grade 2065 x ~ 1.15) from such sources as

Advanced Resamboaddoesimatesial typfoall) cofdtisas fmn?%%ﬁfizmo @l\”ﬁ/? gb&?&@g@t hods

as finely grinding a non-fluorinatéd carbonaceous natéerra

graphi te matgH gl 8 1, QO [ S osi.ng .the mgcroparticl es of
graphite to(a’ﬁ(ﬁbgﬁ nreJ azsg%%gl{)g?ryeér@tﬁ rnedefgﬁ@ ?ﬂ‘g’ég}%ﬁ‘%ﬁfﬁ’? "to
produce a ( J r iate erjal . The thus prepared (CFX)n starting
mat eri al ma?% é??(g%ﬂ)lgtél%c%%i We‘ﬁem f?% h‘?e"%’ér ogpatgdgashenacequs matasial nat ed
car bonaceoui) materitgl i{] accordz}nce with the present invention. 20 The

fol | owi ng ePatHH & hedofal waightafithe myxtusen Advretsrred amaumé of thee(EFogn and are
not intended to limt the invention as enconpassed by the clains formng
part of t he Skyping daatesal is abput BANVPY Welght anidxa prefemed amewat sfithByhopenbi ni ng
graphite fluoride (CFx)n, graphite s and tar in a weight ratio of 8:1:1.

The graphi t dubrinateddearb@Rrageoussmetariantd atssuM0%9b3eeigRbBasad bR the tothl 15
obt ai ned from Advanced Research Chemicals, Inc., "having the properties

shown i n Tableight of¥hs rakepb! Yulloe kil BoF AN aRAlnfIES hARdRL €1 @ size

d50 = 40.08 Nm obtained from Durrans e tar n- 100/ 25
e o et 5 RS T ok AP T SR
the broader range described above, especially if other materials are added to
20 the mixture as described hereinafter. It is particularly advantageous to use
partially graphitized non-fluorinated carbonaceous materials as a component

of the mixture suitable for forming shaped macroparticles.

The mixing step is performed in a manner sufficient to preferably



The materials were m xed at anbient tenperature in a |aboratory-scale

hi gh- perf ormance m xer (type LM manufactured by MIl M schtechni k 15

| ndustri eanl agen GrbH) Detnol d, Gernmany) having a volune of 1.85 liters and
a dianeter of 160 mn with a revolution rate of from500 to 3,000 rpm The
graphite fluoride (CFX)" and graphite were mxed in the mxer at a
revolution rate of 1,000 rpmfor one mnute. Thereafter) the tar was added
to the m xture which was then mxed for two mnutes at revol ution rates of
1,500 20 to 3,000 rpmto forma conposititon of approximately 300 m in

si ze. 20 Table 1 ARC Carbofl uorTM Grade 2065 Properties Col or WkiteCarbon

Sour ceCar bon in®brh!

(iodionetric %ev'?dkﬁ()(aj- <0. rZFEANrE Fde'{%%ggrri?é %ﬁlﬁ% Ze, ﬁ%@fyf}%&me &E@ﬁ?@é 5

/ m Bul k Densid osition
'?'errpSOOCTher %*&&aﬂéﬁ*ﬁ*ébﬂﬁéﬂ%ﬁr ierﬁﬁh%tﬁ %{g@gt’“ 9 (at STP)O.8
J/g-K* " Based on I|t ratzj val ue, varies consi derabl betvveen -200C and
200C. The cofPBEreedRr e ‘fﬁépaﬁaéwg Bratesia), @P@@sﬂu@@nagﬁ%wbﬁga@emo| and s
linonene in a 1:1 ratio in an anount of 30% by weight to forma solid

paste. The paaterialag binderdnat optionaliylauvetting egeet. o h&@Oanepmori-tuotimatedi nut e
t o honbgeni ze the conposition. The resulting conposition was subjected to

press/ sbeve gnapartiziygraphitiaed cardonaespes aiategals lyatasores Baotik ciroRr €ss
of the type TPA 16 at a pressure in the range of 90 - 140 MPA, to obtain a

free flow ngsemcerfbapoSisHapME cﬁl';spn ﬁﬁﬁé’fa%ﬁ'%ﬂud?ﬁ'ah%%n\ﬁe‘ésea by dry

pressing the free-flow ng materi dsing a press of the type PAZ. The
The pel 1 ot s MRS gXCEh s8R ER-B wisa PO oHiRg LB SeadRimpRtl e e
then heat tr%agrggeragly urr?ormrc]a% L?r?ﬁ c'orr]'ndﬁlolngbs%r ctientxto form a homogeneous
blend, for example, within appropriate mixing equipment, and to allow for
10 formation of seeds or cores of a solid body. Generally, mixing takes place at
a speed of between 500 and 3,000 rpm. The thus prepared mixture is
shaped into said macroparticles by such processes as dry pressing, extrusion

and granulation.

15 The formation of a shaped solid body (i.e. “shaping”) takes place at
pressures and temperatures sufficient to form a mechanically stable solid
body in the range of up to 10 mm, preferably 1 to 5 mm. In shaping by dry
pressing, the pressure for forming a solid body is typically in a range from
about 90 to 140 MPa, and the temperature is typically ambient. In shaping by

20 extrusion, the mixture prepared as described is kneaded in a typical kneader
of appropriate size, and then extruded, for example, by means of a Brabender
screw-type extrusion apparatus. Shaping by granulation may be performed in

Eirich rotating-plate type mixers. Extrusion and granulation proceed at



type chanber kiln at a tenperature of 200C. The "curing progrant was
conducted by increasing the tenperature of the kiln with the conposite
sanple therein at a rate 2 K/'mn up to the conposite-specific tenperature 5
and mai ntaining the sanple at this tenperature for one hour. After the heat
treatment, the sanple was renopved fromthe kiln and cool ed under ambient
conditions. A sanple of the thus fabricated conposite pellets is placed in
a sealed 1 o reactor and evacuated. Fluorine gas is added at a pressure of
200 tort and maintained for 120 minutes & a tenperature of 385C to forma
final product (CFx)n, wherein the value of x is approximtely 1.13. EXAMPLE
2 15 Anot her aibiont iR mperitate WARLAGoPE ARG IR P BREIBINS! as
described in Exanple 1, but with a different 1 ngredien ohposi'tion of the
starting blend and the wetting agent. The sanple was conprised of graphite
fluoride (CFx)n, graphite and ponvinyIX?IcphogamLtpla m$k€ht rgtlgogg
8:1.5:0.5. 20 The graphjte fluoride (CFX)n is r bof | uor grade ,
with x ~ 1.15. Th'é%&PgﬁhY% Qgﬁh? tMPeﬂﬁéhﬁelﬁe RepesdUrRs @pafiad: all Shapetksh. The
bi nder is Mw ol 4 88 polyvinyl alcohol supplied by Cariant GrbH Gernany.
The wetting $RjBRlesinmust hxbaidaseddadormiaxsalidenairixh Thevptaceduradf o of 1: 1.

22 The resulting pellets were of a uniformsize neasuring 3.5 mmin both

di anet ef anchardeging thérshapedtimaceptrtiviés Eornprses ReatdtedtiHPtHEBdfhbal was
conducted in a | aboratory-type chanber kiln at a tenperature of 110C.

typically in a chamber kiln or rotating kiln. The temperature of the heat
treatment step will generally be at least 100°C, typically in a range of from
about 100 to 500°C, depending on the type of non-fluorinated carbonaceous
material, the type of optional binder and the shaping method. A preferred

10 temperature range is from about 150 to 500°C. A most preferred heat
treatment procedure for pellets obtained by the dry-pressing method, is
conducted at a temperature of about 200°C. Besides hardening, heat
treatment removes water and other volatile components from the shaped

body which is advantageous prior to fluorination.

15
After heating at elevated temperatures, the shaped body may
optionally be subjected to “cryogenic-shock” treatment at typical cryogenic
temperatures, to further assist in stabilizing and hardening the shaped body.
The temperature for this treatment should be sufficiently below the
20 temperature anticipated for the process of the separation of the fluorine-

containing gas from gas streams containing the same. The “cryogenic-shock”
treatment has the purpose of stabilizing the adsorbent material under the

extreme conditions. It also serves the purpose of testing the mechanical



5 The final product (CFx)n has a value for x of approximately 1.09. EXAMPLE
3 Anot her (CFx)n product sanple was prepared in the sanme manner as
described in Exanple 1 but with a different ingredient conposition of the
starting blend and the wetting agent. The sanple was conprised of graphite
fluoride (CFx)n, graphite and epoxy resin SURA in a weight ratio of 8:1:1.
The graphite fluoride (CFX)n is of the type Carbofl uor TMn grade 2065, with
x " 1.15. ~5 The graphite is of the type Prem um G aphite 240 nmesh. The

bi nder is of the SURA type 1102, which is3an epoxy resin (diglicidyl ether
of bisphenol A) with a fluorinated prepolynmer as hydrophobic agent as it is

suppl i ed by v ] Sty Et hanol. .was ed as wetting
agent in an é;{'régﬁ'ﬁﬁﬁ e4 %%tgy mqngﬁq@?s%%éeﬂg%rg%g?@'t"%’('!)s'TjIT\lEeheat
treatnment fo i f,this material s,conduycted in a | aboratory-type
chanber ki l néggaéh@%rp%gké?ﬂr %‘P&ﬁﬁ@.tﬁgﬁ@@?ﬂ cdigsohrfere praftgntheits a val ue
of x of approximtely 1.10. . 23 EXAMPLE 4 Anot her (CFX)n product sanple
was pr epar edP?$% 'éﬁ nRaties; Peeferablyestier.bed in Exanple 1 but with a

di fferent ingredient conposition of the starting blend binder and wetting

agent. The sanple was conprised of graphite fluoride (CFX)n, graphite and a
fluorothernoplastic in a weight ratio of 8:1:1. The graphite fluoride

(CFX)~ 6s of the uy@IEbéialplpﬁédialt@ﬁ'ENhtWead&c?igfélé’pr&é résTn#u&sf?lfogFﬁrg%graphi te

is of the type Premium G aphite 240 nesh. A fluorothernopla Dyneon

PFA 6900N, v@slidusstled %a@?éﬁﬁﬁcle%& jSt{é%?er fo??l{i’%l: Eg%@%%gsﬁt%ls})&)%?@nog ent.

50% in weight, dispersed in water ere the so

processabl e ' t etrafluoroet hyl ene and perfl uori nated
CONDNONET S h(g(@?ﬁ'lé‘y %hé%g@% yggsat'AEPPB%P"@g%&faﬂfxfa@%?&ssor}cnw&ﬁﬁgm 88d t han
that of PTFE, The, bi nder appears to also function as a ~s wetting agent.
After dryi ng>eREIHPEEASRE- ol WicRll thiewsizraf thetadsorbentamptesia) wil e imthed | 2.
The heat treatnment for curing of the two sanples 411 and 412 was conduct ed

in a | abor atf@ngetfigse Ochamep toi 1Ghmam, arepeeteraislgsinahe 380g@ 06 aBOUL-BETH
respectively. One sanple is fluorinated, which results in a final product

(CFX) n1havi mgna. Vausighefformatiorilofithe solid4ddyMELEeS typiaall, Fhidmy feoduct
re

materials of Exanples 1-4 prior to fluorination we
starting materials until homogeneity has been reached, compressing the

mixture and heat treating the mixture as well as some type of granulation,
extrusion or other similar process well known to those of ordinary skill in the
art for forming larger sized bodies from smaller sized particles without

15 materially changing the basic properties of the smaller sized particles.

Once the shaped body is formed and treated in accordance with the
present invention, the composition comprises (CFx), and a non-fluorinated
carbonaceous material, such as natural or synthetic graphite, tars or pitches

20 of petroleum and coal, particularly coal-tar pitch, partially graphitized tars or
pitches of coal and petroleum (or other very high-boiling petroleum residuals),
coke, bitumen, carbon fibers, carbon mesophase materials, and combinations

thereof and the like, which can then be fluorinated to produce the desired



5 tested in a series of experiments to characterize their physical and
specifically nmechanical stability properties to wthstand experi nent al
post -shaping fluorination conditions and to assess their capability of
bei ng used as adsorbent materials in bulk separation and purification
processes. The follow ng test experinents were perforned: 10 Cryoaenic
shock test: The adsorbent material (CFx)n hardened by post shapi ng thermal
treatment ("curing"”) is fed into a Dewar vessel filled with liquid NZ
(-196C) and imersed therein for 10 m nutlés. After discharge fromthe
vessel the material is kept at anbient tenperature for 30 mnutes, and 15

t hen i mer se(CRgakinal produei Beb@ndiﬁgiqﬁ t‘ﬁlécty;?e Wﬁﬂﬁ-‘ﬂ%ﬂﬁ%@i &J}Bgﬁa&écﬂﬁsi

Conpressive strength test: A conpreSsive strength test In accordance with

the TIRA tes . re device with a.calotte) i

per f or med betnc?g %Q%nl‘gmg@'gér pgﬁ?bgéfﬁﬁé%éﬁg%ﬂn&?@%ﬁ@ﬁt °5\d%f'}4% r??&t@?alol?y
“cured" 20 shar%ed .roﬁucts. For, this purpose, the gjessure force exerted
and rel ated YRPQEVIY Mg (ie. he gathan ireburned:affl) taicompennatefaptie ( CFx) n
particles and averaged to characterize the ultinmate sanple strength. 25
Abr asi on t es€XPausiaheadseshby duprination.afhisaiepof the proeeks isiaccumplishedl et
test equi pnent of the type ERWVEKA TAR 20 with test sanple nmass of 10 g was
perf or méd. Thy enpssingfthé nmmameme@ama@pmanalgréﬁy@ énishMeshEckededAign ned as
percentage of the original sanple weight as dependent over 5 the tine of

the test. Speedy teflseriie§ss at a%ﬁ@%@h;@é}(ﬁ%ﬂé@?&@ﬂ% ug?%’gﬂgﬂb&%é{sr”ﬁ

(5 point test) at a tenperature re neasure
M cromeri ti Cghe solid body so that the value x in the final material is suitable for the

desirable adsorbent, and to “burn away” part of the non-fluorinated

carbonaceous material.

10
Depending on the temperature of fluorination and the extent of
fluorination, the reaction time and the degree of “burning-off’ of the non-
fluorinated carbonaceous material will vary. Thus, careful control of the
fluorination procedure is desirable with specific consideration of the type of
15 raw non-fluorinated carbonaceous material that is employed. Furthermore,

for a given reaction temperature, the value of x in (CFx),, which characterizes
the fluorine-to-carbon ratio of the graphite fluoride, will decrease with
increasing pressure of the fluorination gas (F2). The temperature of the

fluorination step will typically be in the range of from about 300 to 650°C,
20 preferably from 400 to 600°C.

The fluorination step will be typically conducted in a closed vacuum

system with varying partial pressure of the fluorine gas, of the type described



'ASAP' 2010 system and evaluated for the BET specific surface area, n2lg. 10
A conpilation of results for (CFX)n shaped obtained in accordance wth
Exanples 1-4 is presented in Table 2. 26 Table 2 Mechani cal Properties o]"
(CFX)n Products Before Fluorination (Sanple Size: 3.5 mm height/di aneter

1 Mat erial of Exanple No. _

Co%rpressi veCorrpressirrBeSt rengt h/ MPASt r engt h/ MPA(bef ore cryogeni c(after
cryogeni cshock) shock) Abrasion/ % BET specific surface area (After 5 hours)
/[ nm2/g 1*19.118.0 -133 52 92 2.53.42.2. 15235.1 5.3320.0216.39 5.8247.6
6.93*t 3.553.4- 41110.987.23 4.1250.9 4.74/2 1.371.257.0213.1 3.826.617.5

Size: 8
el gt ey o BON 1WBtnd ] shdciedth *qo*@%ﬁ%e@%?w”?‘he -
duct | cordance wt e
S‘?ZL‘ZR{C?%M%@”@ ot el A ElTa L Y G eSS eormaemsrbent T or
the presentia i on of a fluorine-containi ngfI gas froma gas stream

cont ai ni ng t'P]%T gh r%'tpgerg;@celm@,qera thesF2 pressure will be as low as 100 torr and
as high as 2,000 torr, preferably between 200 and 600 torr.

The value of x in the final product (CFx), is difficult to accurately control
since it depends on several interconnected variables. The principal variables
include the chemical composition of the starting materials, particle size,
morphology of the non-fluorinated carbonaceous material, the degree of

10 fluorination, reactivity towards fluorine gas as a function of time, temperature
and partial pressure of the fluorine, i.e. the extent to which the non-flucrinated
carbonaceous material undergoes concurrent reactions of fluorination and

“burning-off”, as well as the purity of the fluorination gas.

15 For example, starting with a composition containing (CFx), with x in the
range from 0.6 to 1.2, and a non-fluorinated carbonaceous material very
roughly expressed by the formula (CFo), , and presupposing that about half of
the non-fluorinated carbonaceous material will be “burned off’ during the
process of fluorination, an approximate composition of the final (CFx)n product

20 can be assessed by accounting for the amount of non-fluorinated
carbonaceous material fed into the shaped process, the temperature as well
as fluorine pressure applied in the fluorination-process chamber. By way of

example, if the non-fluorinated carbonaceous material of the starting mixture



‘What I's Daimed I's: 1. A method of form ng an adsorbent conposition
suitable for preferentially separating a fluorine-containing gas froma gas
stream containing the same conprising: a) conbining a (CFx)n starting
material with a non s fluorinated carbonaceous material wherein x in the
starting (CFx)n material is fromabout 0.6 to 1.2 and n is an integer, to
forma mxture; b) exerting sufficient pressure on the mxture to forma
shaped sol id body; c) heating the shaped solid body to a tenperature of at
~0 | east 100C to forma heated shaped soliéd body; and d) exposing the thus
heat ed shaped solid body to a fluorine containing gas under conditions

suf i cient @ grbust inAPafBAniERS0S BRBEM: 3L L g8 IosiRe REAIES, (CPI N

final product wherein x I's from abo SO e elected from the

Soun oy SPAIAEA AR BRRASTRAATRAN 2 BB Shrin il

Pet ol um - HPuRRa SronERabvl T esi G4 & had okthe eeginell nesdisbrioated

materials, and s conbinations thereof. 28 3. The method of claiml _

wher ei n t he SRIRONACRPUSENAderialds Hutned of2 ase rsultlof flsoriatioral Ifohesurthbet i

graphit g' presumes that the fluorine-to-carbon ratio for the remaining and original non-

fluorinated carbonaceous material assumes a value x ~ 1, then the final (CFx)n

product will have an x value of approximately 0.58 < x <1.17. Thus, the
degree of fluorination of a final (CFx), product (i.e. the value of x) will be
slightly less than the value of x in the (CFx), starting material (i.e. 0.6 < x <

10 1.2). Due to the very complex nature of the composite system and multiple
chemical reaction parameters during fluorination, the final (CFx)n product will

have a fluorine-to-carbon ratio typically about 5% less than the (CFx)n starting

material.

15 Other materials may be added to the mixture in the initial step of the
present process. Such materials include binders and/or wetting agents. It will
be understood that some non-fluorinated carbonaceous materials serve not
only as a source of carbon but also have the properties of a binder. A
suitable example of a non-fluorinated carbbnaceous material with binding

20 properties is coal-tar pitch. Binders may be added to assist in the formation
of larger particles and to enhance the mechanical stability of the composition
during processing into macroparticles to prevent decay of the final product

during use in processes of purification and separation of gases. In particular,



4. The nmethod of claim1 further conprising mxing the (CFX)n starting
material with the non-fluorinated carbonaceous nmaterial and at | east one
bi nder to forma solid body. 5. The nethod of claim1 wherein a
non-fl uori nated carbonaceous material acts as binder. 6. The method of
claim5 wherein the non-fluorinated carbonaceous material is coal-tar
pitch. 7. The nethod of claim4 wherein the binder is selected fromthe
group consi sting of epoxy resins, fluorinated polynmers and copol yners

t hereof, and conbi nations thereof. 8. Thet7net hod of claim4 wherein the

bi nder is a polyvinyl alcohol. 9. The nmethod of claim7 wherein the binder

eI hoy ®Y pitadisima) bBLSBRTEPISpiltdsed et b kiRl SAMd e 20 1O

The et hod of claim1 furt _her conp m X1 ng _ _ !
Teast ane wel ey e0e M e Bb T ROESTRY révidetfie Telrdd of ol ai m 10
B kanol s, 11 SUPRGPIERSIo the gilkre Mibinvkedanes,ofaminds don beiattages,
t erpenes, terpene al cohols, and conbi nations thereof. 12. The method of
cl ai m 10 wherf@gtgriglée wetting agent is selected fromthe group consisting of
et hanol , isopropanol, perfluoroheptane and |i nonene.
A binder may be any material which can effectively be included in the
mixture to form a mechanically stable solid body and which does not interfere
with the adsorption properties of the desired product. Examples of suitable
binders include polyvinyl alcohols, epoxy resins [e.g. SURA, which is a
10 hydrophobic epoxy resin (diglicidyl ether of bisphenol A) with a fluorinated
prepolymer as hydrophobic agent) supplied SURA Chemicals GmbH, Jena,
Germany]. Other binders include, for example, fluorinated polymers (e.g.
polytetrafluoroethylene) and copolymers thereof (e.g. PFA 6900N sold by
Dyneon YLC, Oakdale, Minnesota). The amount of the binder when used in
15 combination with the (CFx), starting material and the non-fluorinated
carbonaceous material is from about 5 to 30% by weight based on the total

weight of the solid body. A preferred amount of the binder will typically be

about 10% - 20% by weight based on the total weight of the solid body.

20 The mixture of the (CFx), starting material and non-fluorinated
carbonaceous material may include a wetting agent. Typical wetting agents
include lower alkanols (e.g. ethanol, isopropanol), liquid alkanes (e.g. n-

octane), liquid fluoroalkanes (e.g. perfluorinated Cs to Cs alkanes such as



. The method of claim 11l wherein the wetting agent is selected fromthe
é?oup consisting of ethanol and |inmonene. 14. The nethod of clalnll wher ei n
the amount of the (CFx)~ starting material is fromabout 70 to 95% by
wei ght and the amount of the non-fluorinated carbonaceous material is from
about 5 to 30% based on the total weight of the mxture. 15. The method of
claim1 wherein the amount of the (CFx)~ starting material is fromabout 75
to 85% by weight and the amount of the non-fluorinated carbonaceous
starting material is fromabout 10 to 20%gby wei ght based on the total f
wei ght of the m xture. 30 16. The nethod of claim1 wherein the anmount o

e ()~ s peifidiengmtait) duloRbRiidEl @y Yol 40aa0t o aapunt of {he

non-fl uorinated carbonaceous naeteria _ _

i ght I xture.  17. The nethod of claim4 wherein the anmount
of © lhewel;: nder SF'Prg (Goxlifoeqey 6”@8@?@??19%?&%&5&@1\66@)@@6 aoseinatienght of
the m xture. ,18. Th thod of claim4 Wnereinthq anount of the plnder S
f r om about 1H1§r80g0§/58§‘3rr9\§i ingagertsdnclude ethandl, iseprgpyl altohdle ni xt ur e.

[ [ [ is from
19. The method of claim10 wherein the amount of the wetting agent is
about 10 to Bevusyohrntghe apddimbrine. hEhe atmuntef iy weftinggyantwivr e. 20. The

met hod of claim 10 wherein the anount of the wetting agent is
5 typically be in the range of from about 10 to 50% by weight based on the total
weight of the solid ingredients before shaping. A preferred amount for the
wetting agent would typically be about 30% by weight. As previously
indicated, the wetting agents will typically be driven off from the shaped
bodies during the post shaping heat treatment.
10
The (CFx), starting material employed in the present invention may be
purchased (e.g. Carbofluor™, grade 2065 x ~ 1.1 5) from such sources as
Advanced Research Chemicals, Inc. or may be prepared by such known
methods as finely grinding a non-fluorinated carbonaceous material (e.g.
15 graphite material) to form microparticles, exposing the microparticles of
graphite to a fluorine gas at a temperature and pressure sufficient to produce
a (CFx)n intermediate material. The thus prepared (CFx), starting material
méy then be combined with the same or different non-fluorinated
carbonaceous material in accordance with the present invention.
20
The following examples are illustrative of embodiments of the invention
and are not intended to limit the invention as encompassed by the claims

forming part of the application.



about 30% by weight. 21. The nethod of claim11 conprising heating the
shaped solid body to a tenperature of fromabout 100 to 500C. 21. The

nmet hod of claim 1 conprising heating the shaped solid body to a tenperature
of from about 150 to 500C. 31 23. The nethod of claim1l wherein the
fluorine-containing gas suitable for separation froma gas streamis

sel ected fromthe group consisting of fluorine, hydrogen fluoride,

fl uorohal o carbons and conbi nations thereof. 24. The method of claiml
further conprising exposing the heated shaped solid body to a cryogenic
treatnment prior to or after step (d). 25. A nethod of claim1l further
conprising conbining the (CFx)~ starting material and the non-fluorinated
carbonaceous material under atnospheric pressure and anbient tenperature to

formthe m xture. 26. The nethod of %ﬁrther conprising formng a
m xture of the (CFx)~ starting materi non-fl uori nated carbonaceous

m xture of a material by a process conprising: a) finely grinding a
non-fl uori nated carbonaceous material to 5 formmcroparticles; b) exposing
the mcroparticles to fluorine gas at a tenperature and pressure sufficient
to produce a (CFxfvmixiyrerwaslpeapared byrdoabiningegraphite flusride (OF ahogaphité t o
1.2
5 and tar in a weight ratio of 8:1:1. The graphite fluoride (CFx), is Carbofluor™,

grade 2065, with x ~ 1.15, obtained from Advanced Research Chemicals, Inc.,

having the properties shown in Table 1. The graphite is Premium Graphite

240 mesh (particle size dsp = 40.08 um) obtained from Durrans GmbH. The

tar is Blockbitumen-100/25 obtained from Bornit-Werk Aschenborn GmbH,

10 Zwickau, which is a coal-tar pitch product, and is used for its binding

properties.

The materials were mixed at ambient temperature in a laboratory-scale
high-performance mixer (type LM manufactured by MTI Mischtechnik
15 Industrieanlagen GmbH, Detmold, Germany) having a volume of 1.85 liters
and a diameter of 160 mn with a revolution rate of from 500 to 3,000 rpm.
The graphite fluoride (CFx), and graphite were mixed in the mixer at a
revolution rate of 1,000 rpm for one minute. Thereafter, the tar was added to
the mixture which was then mixed for two minutes at revolution rates of 1,500

20 to 3,000 rpm to form a composition of approximately 300 ml in size.



c) cooling the (CFx)" internediate material; and lo d) mxing the cool ed
(CFx) ~ internmediate material with the sane or different non-fluorinated
car bonaceous materi al . 32 27. The nethod of claim26 wherein the
non-fluorinated carbonaceous starting material is graphite. 28. The nethod
of claim1l wherein x is at least 1.0. 29. A (CFx)n adsorbent materi al
produced by the nethod of claim1l. 30. An internmediate material for the
formation of a (CFX)~ adsorbent conprising: a) a ngjor portion of (CFXx)n
wherein x is fromabout 0.6 to 1.2 and n20s an integer; and b) a mnor
portion of a non-fluorinated carbonaceous naterial. 31. The internediate
material of claim 30 wherein the non-fl ?ﬁ' ated carbonaceous material is
sel ected fromthe group consisting of I | I orh$¥nthgt{grgrgfhbgféhégrgf
itches of petrol eum an I artia g itized _
ggaplgﬁd petroFeunl hi gh bgﬁﬁfﬁaf PPQWééﬁ%#%é&@%EF@%ﬂﬁéﬁe, carbon fibers,
carbon nesephase—aterials and conbinations thereof. 32. The internediate
material dfCslbai m 30 further conprising apyggst one binder. 33 33. The
i nt er medi gteTEtertTat—of—ctatm-32—whereihthe—binder i s selected

Carbon Source Carbon Black
Total Fluoride 64-65%

xin (CFx), 1.15

Free oxid. Powder (iodiometric method) | <0.2%
Median Particle Size, dsq 1.75 um

True Density 2.5 g/ml

Bulk Density | 0.1 g/ml
Surface Area (N, BET) 369 + 6 m%g
Decomposition Temp 500°C
Thermal Conductivity (at STP) 0.4 J/m-sec-K
Heat Capacity (at STP) 0.8 J/g-K*

* Based on literature value, varies considerably between -200°C and 200°C.

The composition was prepared for dry pressing by adding ethanol and
5 limonene in a 1:1 ratio in an amount of 30% by weight to form a solid paste.
The paste was mixed at a revolution rate of 500 rom for one minute to
homogenize the composition. The resulting composition was subjected to
press/sieve granulation at ambient temperature, by a mechanical dry press of
the type TPA 16 at a pressure in the range of 90 - 140 MPA, to obtain a free-
10 flowing material suitable for compression. Pellets were made by dry pressing
the free-flowing material using a dry press of the type TPA2. The pellets were
made of uniform size of 3.5 mm in both diameter and height. The pellets

were dried in an oven at 80°C for 4 hours.



| h roup consisting of epoxy resins, fluorinated polynmers and _
I:ng} ;rrgrg thgr eof , and gonbi ngti gns thereof. 34. The internediate materi al
of claim30 wherein the binder is a polyvinyl alcohol. 35 The internediate
material of claim 33 wherein the binder is diglicidyl ether of bisphenol A
with a fluorinated prepolyner. 36. The internediate material of claim 30
ther conprising at | east one wetting agent.
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15

Another (CFx), product sample was prepared in the same manner as
described in Example 1, but with a different ingredient composition of the
starting blend and the wetting agent. The sample was comprised of graphite

20 The graphite fluoride (CFx), is Carbofluor™, grade 2065, with x ~ 1.15. The
graphite is of the type Premium Graphite 240 mesh. The binder is Mowiol 4-

88 polyvinyl alcohol supplied by Clariant GmbH, Germany. The wetting agent

is a water-ethanol mixture with a volume ratio of 1:1.
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The resulting pellets were of a uniform size measuring 3.5 mm in both
diameter and height. The heat treatment for curing of this material was

conducted in a laboratory-type chamber kiln at a temperature of 110°C.

5
The final product (CFy), has a value for x of approximately 1.09.
EXAMPLE 3
10 Another (CFx), product sample was prepared in the same manner as

described in Example 1 but with a different ingredient composition of the
starting blend and the wetting agent. The sample was comprised of graphite
fluoride (CFy),, graphite and epoxy resin SURA in a weight ratio of 8:1:1. The
graphite fluoride (CFx), is of the type Carbofluor™m grade 2065, with x " 1.15.
15 The graphite is of the type Premium Graphite 240 mesh. The binder is of the
SURA type 1102, which is an epoxy resin (diglicidyl ether of bisphenol A) with
a fluorinated prepolymer as hydrophobic agent as it is supplied by SURA
Chemicals GmbH, Hena, Germany. Ethanol was used as wetting agent in an
amount of 40% by weight of the solid paste.
20
The heat treatment for curing of this material was conducted in a
laboratory-type chamber kiln at a temperature of 200°C.

The final product (CFx), has a value of x of approximately 1.10.
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10
EXAMPLE 4

Anbther (CFx)n product sample was prepared in the same manner as

5 described in Example 1 but with a different ingredient composition of the

starting blend binder and wetting agent. The sample was comprised of

graphite fluoride (CFy),, graphite and a fluorothermoplastic in a weight ratio of

8:1:1. The graphite fluoride (CFy), is of the type Carbofluor™, grade 2065,

with x “ 1.15. The graphite is of the type Premium Graphite 240 mesh. A

10 fluorothermoplastic, 3M Dyneon PFA 6900N, was used as a binder. This

binder comprises a solid component, 50% in weight, dispersed in water where

the solid component is a processable copolymeric melt of tetrafluoroethylene

and perfluorinated comonomers having a viscosity lower by several orders of

magnitude than that of PTFE. The binder appears to also function as a

15 wetting agent. After drying, the intermediate was divided into two samples,

4/1 and 4/2.

The heat treatment for curing of the two samples 4/1 and 4/2 was

conducted in a laboratory-type chamber kiln at temperatures of 320 and

20 480°C, respectively.

One sample is fluorinated, which results in a final product (CFx),

having a value of x of 1.14.
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EXAMPLE 5

The (CFx)n product materials of Examples 1-4 prior to fluorination were
5 tested in a series of experiments to characterize their physical and specifically
mechanical stability properties to withstand experimental post-shaping
fluorination conditions and to assess their capability of being used as
adsorbent materials in bulk separation and purification processes. The

following test experiments were performed:

10

Cryogenic shock test: The adsorbent material (CFx)n hardened by post-
shaping thermal treatment (“curing”) is fed into a Dewar vessel filled with
liquid N2 (-196°C) and immersed therein for 10 minutes. After discharge from
the vessel the material is kept at ambient temperature for 30 minutes, and

15 then immersed again in liquid N2. This cycle was performed three times.

Compressive strength test: A compressive strength test in accordance
with the TIRA test 2300 (sensor: 1kN, pressure device with a calotte) is
performed before and after cryogenic shock treatment of the thermally “cured”

20 shaped products. For this purpose, the pressure force exerted and related
values of ténsi,le strength were measured on ten shaped (CFy), particles and

averaged to characterize the ultimate sample strength.
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was performed. The mass of fines with a 100 pm particle size was

determined as percentage of the original sample weight as dependent over

5 the time of the test.

Specific surface area (BET test): Nitrogen adsorption isotherms (5-
point test) at a temperature of 77.3° K were measured using a Micromeritics
ASAP 2010 system and evaluated for the BET specific surface area, m2/g.

10

A compilation of results for (CFx), shaped obtained in accordance with

Examples 1-4 is presented in Table 2.
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Table 2

Mechanical Properties of (CFy), Products Before Fluorination

(Sample Size: 3.5 mm; height/diameter ~ 1)

Material of Compressive Compressive  Abrasion/ % BET specific
Example No.  Strength/MPA  Strength/MPA surface area
(before cryogenic  (after cryogenic (After 5 hours) / m2/g
shock) shock)
1* 19.1 18.0 £ - 133.5+£2.9
2 + 2.5 34 2.2 235153
3 20.02 16.39+ 5.8 2476 +6.9
3* 5 3.55 3.4 - -
4/1 10.98 723+ 441 250947
4/2 - 5 1.37 1.25 7.0 213.1+£3.8
26.6 1756 +
t 2.9 3.0
8.18 3.19
0.99 0.78
501 ¢ 3.73 %
1.42 1.30

* (Sample Size: 8 mm; height/diameter ~ 1)

5 It can be concluded from Table 2 that the mechanical properties of
(CFx)n products produced in accordance with the present invention making
the product suitable for use as an adsorbent for the presential separation of a

fluorine-containing gas from a gas stream containing the same are excellent.
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What Is Claimed ls:

1. A method of forming an adsorbent composition suitable for
preferentially separating a fluorine-containing gas from a gas stream containing the
same comprising:

a) combining a (CFx), starting material with a non-

5 fluorinated carbonaceous material wherein x in the starting (CFx), material is

from about 0.6 to 1.2 and n is an integer, to form a mixture;

b) exerting sufficient pressure on the mixture to form a
shaped solid body;

C) heating the shaped solid body to a temperature of at

10 least 100°C to form a heated shaped solid body; and

d) exposing the thus heated shaped solid body to a fluorine-

containing gas under conditions sufficient to fluorinate the heated shaped

solid body to produce a (CFx), final product wherein x is from about 0.5 to 1.2.

2. The method of claim 1 wherein the non-fluorinated carbonaceous
material is selected from the group comprised of natural or synthetic graphites, tars
or pitches of petroleum and coal, partially graphitized tars or pitches of coal and
petroleum, high-boiling petroleum residuals, coke, carbon mesophase materials, and

5 combinations thereof.
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material acts as binder.

6. The method of claim 5 wherein the non-fluorinated carbonaceous

material is coal-tar pitch.

7. The method of claim 4 wherein the binder is selected from the group

consisting of epoxy resins, fluorinated polymers and copolymers thereof, and

combinations thereof.

8. The method of claim 4 wherein the binder is a polyvinyl alcohol.

9. The method of claim 7 wherein the binder is diglicidyl ether of

bisphenol A with a fluorinated prepolymer.
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10.  The method of claim 1 further comprising mixing the (CFx), starting
material and the non-fluorinated carbonaceous starting material with at least one

wetting agent to form the solid body.

11.  The method of claim 10 wherein the wetting agent is selected from the
group consisting of lower alkanols, liquid alkanes, liquid fluoroalkanes, liquid

chloroalkanes, terpenes, terpene alcohols, and combinations thereof.

12.  The method of claim 10 wherein the wetting agent is selected from the

group consisting of ethanol, isopropanol, perfluoroheptane and limonene.

13.  The method of claim 11 wherein the wetting agent is selected from the

group consisting of ethanol and limonene.

14.  The method of claim 1 wherein the amount of the (CFx)n starting
material is from about 70 to 95% by weight and the amount of the non-fluorinated
carbonaceous material is from about 5 to 30% based on the total weight of the

mixture.

15.  The method of claim 1 wherein the amount of the (CFx)n starting
material is from about 75 to 85% by weight and the amount of the non-fluorinated
carbonaceous starting material is from about 10 to 20% by weight based on the total

_ weight of the mixture.
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16.  The method of claim 1 wherein the amount of the (CFx)n starting
material is about 80% by weight and the amount of the non-fluorinated

carbonaceous material is about 20% by weight based on the total weight of the

mixture.

17.  The method of claim 4 wherein the amount of the binder is from about

5 to 30% by weight based on the total weight of the mixture.

18.  The method of claim 4 wherein the amount of the binder is from about

10 to 20% by weight based on the total weight of the mixture.

19.  The method of claim 10 wherein the amount of the wetting agent is

from about 10 to 50% by weight based on the total weight of the mixture.

20.  The method of claim 10 wherein the amount of the wetting agent is

about 30% by weight.

21.  The method of claim 1 comprising heating the shaped solid body to a

temperature of from about 100 to 500°C.

21.  The method of claim 1 comprising heating the shaped solid body to a

temperature of from about 150 to 500°C.




#1096 () - m ~#10%4&' () - m ~#109%#&' () - m ~#10%:& ()-m ~#10%& ()-m
)1 ?fi?(ﬁfl\/ﬁ%’XYZz’\B@ 1~§¢)10fy#&' ()-m ~#109%& () -m ~#10%& ()-m ~#10%& ()-m
~#109& ()-m ) 2r Ki | #7[\ cj kI 2"B@ 1-#10%&! () -m ~#10%&' () - m ~#10%& () - m
~#10%#&! () - m ~#10%¢& ()-m ) 2r Ki | #l msxyzz*B@ 1~#10%:& ()-m ~#10%:& ()-m
~#10%#&' ()-m ~#10%& ()-m ~#10%& ()-m ) 2rKi | #z{| z"B@

31

23.  The method of claim 1 wherein the fluorine-containing gas suitable for
separation from a gas stream is selected from the group consisting of fluorine,

hydrogen fluoride, fluorohalo carbons and combinations thereof.

24.  The method of claim 1 further comprising exposing the heated shaped

solid body to a cryogenic treatment prior to or after step (d).

25. A method of claim 1 further comprising combining the (CFy), starting
material and the non-fluorinated carbonaceous material under atmospheric pressure

and ambient temperature to form the mixture.

26.  The method of claim 1 further comprising forming a mixture of the
(CFx)a starting material and a non-fluorinated carbonaceous mixture of a material by
a process comprising:

a) finely grinding a non-fluorinated carbonaceous material to

5 form microparticles;

b) exposing the microparticles to fluorine gas at a
temperature and pressure sufficient to produce a (CFx), intermediate
material, wherein x is from about 0.6 to 1.2;

c) cooling the (CFx), intermediate material: and

10 d) mixing the cooled (CFx), intermediate material with the

same or different non-fluorinated carbonaceous material.
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28.  The method of claim 1 wherein x is at least 1.0.

29. A (CFx)n adsorbent material produced by the method of claim 1.

30.  An intermediate material for the formation of a (CFx), adsorbent
comprising:
a) a major portion of (CFx), wherein x is from about 0.6 to 1.2 and

nis an integer; and

5 b) a minor portion of a non-fluorinated carbonaceous material.

31.  The intermediate material of claim 30 wherein the non-fluorinated
carbonaceous material is selected from the group consisting of natural or synthetic
graphite, tars or pitches of petroleum and coal, partially graphitized tars or pitches of -
coal and petroleum, high boiling petroleum residuals, coke, carbon fibers, carbon

mesophase materials and combinations thereof.

32.  The intermediate material of claim 30 further comprising at least one

binder.
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35.  The intermediate material of claim 33 wherein the binder is diglicidyl

ether of bisphenol A with a fluorinated prepolymer.

36.  The intermediate material of claim 30 further comprising at least one

wetting agent.



