METHOD FOR CONVERTI NG CARBON AND HYDROCARBON CRACKI NG AND APPARATUS FOR
HYDROCARBON CRACKI NG BACKGROUND [ 0001] The invention relates generally to
met hods fwo 20e0ssi ng car bon and hydrocarbon cracki ng aou/usppanateses for
hydr ocar bon cracking More specifically, the invention relates to nethods
for converting carbon into carbon oxide, and nethods and apparatuses for
hydr ocarbon cracking, in which the build-up of coke deposits are

undest rabl gre 198310k RANPERPNGUIRTAOR ANDMSIOCRKHTACERIRAENRYCh 25

et hane, propane, ane etro eum gas, nap and gas
oil are cracked |nAh@béPBAB§éBJSF@RUH¥ RBé»bCRﬁﬂﬁﬁﬁﬁbout 30 wei ght
percentage to about 70 wei ght percentage of steam at tenperatures of from
about 700C C to about 870 C n order to produce
| i ght ol eBAKGROWNIS et hyl ene and propyl ene. Sonetinmes, hydrocarbons such
as bottons from at nospheric and vacuumdistillation of crude oil are

ked i t . at . 8
about 600 TR HFAMBERR, rdabFRECAI, & fhfod SHA LBURAL Sbodt 03,
Duri ng hyty&rcedrbanciatkiakiang appmtﬁs@etsr ht/vecdrbon dravkingf Merchpoatedlis

deposits (i.e. coke deposit ual | y happens on cont act surfaces of
appar at usﬁ]@dﬁfﬁ@ﬁ@ﬂ@w @rmﬁtﬁe%ﬁé SONVeRHE Car Ry 1810 carheoxdds pa¢ BStAs f ur nace

equi pment ab IR 5 AR o REa R, clﬂetﬁé) 1&{1 deabloadoaiegd.wi th a
| ayer of g% éﬁﬁhlch réqgés tﬂe raé%:ﬁ{ E net ﬁperatuf@ ? 1 and

i ncr easesundwsirgldaper at ure drop through radlant COI|S I n addition, coke
bui | d-up adversely af fects the physical characteristics of the apparatus

conmponent h.a r adi.an ubes. by deterjora nmechanj ca

oroper ¢ e DOORE 8 el Pea R RS BitsprP TRty B8 s RIGGARRI PG [ 0004

I n order hepARe akgidaRpslcahlsasC RAMARERLS gad B arPRANLRL US appiehtule, Rehiodi cal |y
shut down. Typically, the decoking is carried out b ustion of the coke

deposi t's Wies#ncs s Aimihousd0 meighe peicaage rabapt ?Q)ngop@cenw@wf@te@@ki ng
operati ong t%fjaﬁelfaﬁﬂé'é 5&9@%8@?‘7‘063%% ngut% é(fn H’de??o %%X g%‘?%ﬂi #,89 on the
oper ation no rocar nons, resu roauc OSS si nce

hydr ocar bens ﬁsﬁ@tﬂﬂyﬂa@e mmatpxbpylsﬁ@mxﬁﬁletfr@ers shl_s;@ﬂa)cﬁe@wlsﬁtgl 2P doabmetrorh 0005] A
variety of nethods have been considered in order to overcone the
di sadvant algesplaricc gk vaguny digyllatons gh srudeudi! @sinstsked 41 aBPRIAUEE fuf nace

t ube inne ]@§§§ %ﬁ%f% fication
of coke t%ng%h%ﬁ%gﬁgég OX|§6&§%¥$%iﬁ) Eg&%)g;gbgﬁ m%%§$¢89§ now
peopl e ar ettt hbowg @eki’hgtean. effectlve nethod for the gasification of coke,
i.e., converting carbon |nto a carbon oxide (CO and/or CQ2). [0006]

Ther ef ore s .desi abI rovi de a t hod, f or verting ,carbon into
car bon_ ox 3L R ek Sam 6Bl P pisF Rehans B P G BOHE L AERTNG, | n

whi ch t hehuibids apodits) %@m p&dsten dontRl baedcby st ypﬁa@ﬂw&ﬂﬁ bhigatoed.

[ 0007] Carneglelte is the high-tenperature form of [ ALSi & nephel i ne,

whi ch caninsingg, épagreddigpt armemrfan@gs ﬂ%ﬁh@&qen@m@ﬁdT h%smlel( rg 1256“@5 O wth
subsequent enchin er.at tion dlu oxi de
Thto. Nap ALY BEeP R PE N RIREAT b ShEE SR b TR fas
been reponfeed tdripeddtur Yearldi ihéregheashel 16 ﬁéﬁtﬂré Hedp t¥ough eARdritlceid. ype

Conmpounds (Na20) <033Na[ A1Si A4] and. published in JOURNAL OF SOLI D STATE
CHEM STRYaglition ok byl BB)advmmffsftadmohﬁ@alasv@@%fé@ﬂcsf @fpf@ﬁtaéﬁaraws Bei trage

zur Beakt t

I\/ItteiIunb(%ha?:]il%eylS ?ﬁ%}ﬁur%ﬁﬁk@%ﬁﬁ%éﬁ%ﬁ%&ﬁé@%ﬁ gﬁ%%%@ﬁmﬁgsg 9@ ner %orchert
und Jurgem&%@r@@mﬁ,ﬁbndﬂmhqmgankhwﬁh@Extabblldungen (Ei ngegangen am 17,
Marz 1947). However, there seens no or few, if any, reports about how to
use this 20 i nt rcalated or rich carnegieite-like materjals.

BRI EF DES@Q%g}rfW’H?b%Sb%?CO f SBREALIS SRBPONHTe R YA YR B RSO et hod
for ConVEE&h@@w@aTQQBMbﬂHR:@uﬁE&EQ§cﬁﬁb@6ut&P&ﬂﬁhﬁh@ﬂof&%ﬂ%ﬁ@ﬁh&%ﬁ@arbon
with steamin presence of a carnegieite-like materi al formula

( Na20) " Nag{ithl stSi2e8] at ishwewityre9ofup to 1000 °C. Such decokmg operations are

required approximately every 10 to 80 days, depending on the operation mode, types



[ 0009] In another aspect, the invention relates to a nethod for

hydr ocar bon- cracki ng, conprising: contacting at |east one hydrocarbon with
st eam i n WO 20p@B@SUS havi ng a contact surface accessi blPeTius2¢1h®3EB8 | east
one hydrocarbon, the contact surface conprising a carnegieite-like materi al
of fornula (Na20)Na2[ Al 2Si 208], wherein 0O<x< 1 . [0010] In yet another
aspect, the invention relates to an apparatus for hydrocarbon-cracki ng

havi ng a ephydotarboisf ane ramiteiasirbietion lads dieashydvocrbydrfocdifiparust bbe
contact surface conprjsing a carnegieite-like material of formula

( Na20) " Na®PRpesidop g deGpldp@PPerelal | DRAW NGS [0011] These and ot her
features, aspects, and advantages of the present invention will becone

bet t er Unftﬁio%{ Q0BG Nof BgethQls! Q¥NBedEtBhligddemC g%d%%;t%n ob&cdfiddnw th

reference to the acconpanyi ng draw ngs, wherein: FIG 1 shows the

wei ght r eduedviaotagpreoicerkedyeld-upf ort ipacdusbhamyiyinaots, suchtakdumaempiube Intend sanpl e

2 after the.sa e 1 and the s le 2 were exposed.to the, heli um steam
e cOnERrEnNGst aPheetlS BMHuGE SREG T RIRt DAt b wkohRRGIT)

FIG 2 shemwsoh BRide QUORNOYLAdndaydedgeaaHbBRBvE aNinde, Mﬁ{%%ﬂll%ﬁél@i&g hhe sanple
1 and the sanple 2 were exposed to the heliumsteam m xture at different

t enper at ugldectivp guathpd ferghe Fagihigaomohaeke, o, £onvaTHAE éatbghantora §ebOR dance

wi th one ephodi e present invention; and [0015] FIG 4 shows a
Cross-sec ’?@gg"ﬁa@‘.@v‘ﬁ?&ﬁgn along line A-A of FIG 3. DETAILED DESCRI PTI ON

[0016] In one aspect, the invention relates to a nethod for converting
car bon i nj0®08] Therofane,oitiidalesEanprio irogide contedald fig @avboingwarons iram i n
presence of a carnegieite-like material qf formula (Na20)Na2[ Al 2Sj 208],
wher ei n 0€8pon oxide £7q aActhetrand A ARPATEHE for I}YH@CéWa@é%iﬁg% e}w&@ it

tenper at upgd-p 8 EARIRPSIQAR @@&H&elﬁ?@%&e&&i g4f 1000 C, or preferably from
about 450 C to about 9%0 C, or fromabout 500 C to about 950 C, or

preferably fromabout 750 C to about 950 C. The carbon oxi de conprises
car bon di 00dECamdgisrite csathb dmghrenpriatige form of Na[AlSiO4]-nepheline, which can

be prepared by annealing nepheline beyond 1530 K (1256.85 °C) with subsequent
quenching to room temperature. Intercalation of sodium oxide into
Na[AlSiOy]-carnegieite to obtain compounds (Na,O)<33Na[AlSiO4] has been
reported in an article titled as Interstitial Cristobalite-type Compounds
(Na;0)<933Na[AlSiO4] and published in JOURNAL OF SOLID STATE
CHEMISTRY 61, 40-46 (1986). NagAl4Si40,3 has also been reported in Beitrage zur
Beaktionsfahigkeit der silicate bei niedrigen temperaturen, II. Mitteilung., Die
Strukturen Na,O-reicher carnegieite., Von Werner Borchert und Jurgen Keidel,
Heidelberg, Mit 6 Textabbildungen, (Eingegangen am 17, Marz 1947). However,
there seems no or few, if any, reports about how to use this kind of Na,O intercalated

or rich carnegieite-like materials.
BRIEF DESCRIPTION
[0008] In one aspect, the invention relates to a method for converting carbon into a

carbon oxide, comprising: contacting carbon with steam in presence of a

carnegieite-like material of formula (Na,O)Na,[ Al,S1,0g], wherein 0<x<1.



[0018] In another aspect, the invention relates to a nethod for

hydr ocar bon- cracki ng, conprising: contacting at |east one hydrocarbon with
st eam i n WOaprawais8s havi ng a contact surface accessi bl @craistéie/oar2ss east
one hydrocarbon, the contact surface conprising a carnegieite-like materi al
of fornmula (Na20)Na2[ Al 2Si 208], wherein 0<x<l1l. [0019] In sone enbodi nments,
the contacting occurs at a tenperature in a range from about 500 C to about
870 C, or [(ooef &r advitherfagmur,ahoitiveBidth lidte @houtth86 GorGydidvartah-dredksdg, one
hydrocarbon conprises at |east ong f eghane propane, butane, heptane,

| i qui d pet?BPiguns: d&§tac%%ﬁttlﬁ%9t 08 yérggar PR Wi “1 # 9@%”3&%@%@% 4spect,

the invengh &trﬁfrﬁk‘?sa&%slsi%ﬁle WNRE %t“l%aé‘t%né‘ﬁ%r%%@ ”ﬂfér @ﬁgh&gsd}%\éb ng a

contact surface accessible to at |east one rocar contact surface
conpri si ngoapeangegrantgeitd-kieo medtenal adf Girmibr (ﬁdhz@){NdaEzﬁl)gSlb@Q[ AVIRSHR208] ,

wher ein 0<x1 [0021] In sone enbodi nents, the carnegieite-like material is
coated to f’l‘él contact surface. [0022] In sone enbodi nents, the contact
surface conprises a coating of carnegieite-like Na4Al 2Si 209. [0023] The

car negi ei F(ﬁnb] ke yRLRIHeR las S RAUhO thARN 0P Re12PPL] £ a ré&gs ¢t fRi-&RkbJFET hods,
for example, air pI asma spray, slurry coating, sol-gel coat’ing, and

sol uti on cweltingdaving asemeace syt mecdssiplet theit deashens kydrecarpdre theatontatcoat ed

using slurry coating.nmethod. [.Q02 t us ratus in
Whi oh by dreE RS ackBnelith renarha i (Ne S APSEOErpr i ses
at | east Qmereff o&fjurnace tube, a tube fitting, a reaction vessel, and a
radi ant tube. [0025] Pl ease refer to FIG 3 and FIG 4, a furnace tube 10
in accord { one enbodi nent of the invention conprises a contact
surface 12 accessible to at | east one hydrocarbon (not shown) flow ng

t hrough the cavity 14 thereof. [0026] In sone enbodi nents, the

carnegi ei {(#1ll] Keeswame fotlek féasurod, afjmrcrsihiad ModMag&i A0Be pfeB@R fvenhos ol

st SRR T LR T R R R 8 O R

reference to the accompanying drawings, wherein:

[0012] FIG. 1 shows the weight reduction percentages of the carbon black in the
sample 1 and sample 2 after the sample 1 and the sample 2 were exposed to the

helium-steam mixture compared with before exposure at different temperatures;

[0013] FIG. 2 shows the concentration of carbon dioxide generated after the sample 1

and the sample 2 were exposed to the helium-steam mixture at different temperatures;

[0014] FIG. 3 shows a part of a furnace tube in accordance with one embodiment of

the present invention; and
[0015] FIG. 4 shows a cross-sectional view taken along line A-A of FIG. 3.
DETAILED DESCRIPTION

[0016] In one aspect, the invention relates to a method for converting carbon into a
carbon oxide, comprising: contacting carbon with steam in presence of a

carnegieite-like material of formula (NayO)Nay[ Al,S1,0s], wherein 0<x<1.



[0028] As used herein, the term"apparatus"” refers to but is not limted to
at |l east one of a furnace tube, a tube fitting, a reaction vessel, and a
radi ant twbepiumwewsi n pet rochem cal processes. [0029] ApCudsdoihesessn t he
term "hydrocarbon cracking” refers to but is not limted to processes in
whi ch hydrocarbons such as et hane, propane, butane, heptane, liquid
petrol eum gas, naphtha, and gas oil are cracked in apparatuses, in the
presence {0177 amcloemb@Omerisgittc cortaceiy agard @ aftdmpetaght iperagetiage of
steam at tenperature% of fraom about. 700 C to about 870 C in order to

produce | Pt 48Y eFitAgbayici08s Cephpreriedliderprpy tete" Sahett s, or

hydr ocar bR GNS SRS iRAPOIT AT AL FTSRB! i fim 3BG,BOUIT dbSiddshaict on of
crude oil are cracked I n apparatuses at a‘tenperature in a range from about
480 C to Abouwirb&dOxide comphes pribse doxidf andliwehrbbn widtokmleabout 2 wt % st eam

[ 0030] As used herein the term"coke" refers to but is not limted to

b lid or |igqui ticul at |l ecul es forming th
car bonaceliasE wipiBh pehihe HaREn it dhr o f R TR BRI Em “wood,
hydr ocar b@aﬁ%@ﬁ@%%h@uu@hﬁreh@loslquﬂhﬁ;hfﬂoﬂgm@@@ﬂa@fﬂ iahdappids hreigide, for

on

exanpl e, car | ack, tar, and pyrolytic coke existing in hydrocarbon
cracki ng femaiceirlap@oregssikic (i dhe hadrlshyt otve hydiogarbemr Hegreintad- syrfese

mat eri al " 3.S t o Ny t limte t he I having 0
crab | 2o bt oeitidb Bt N odh Efmbl (TEEN A PRIORP il
structuregp<i<e., a structure with certain amount of Na20 intercalated into

a cubic host lattice with group symmetry P213 or F 4 3m [0032] Any
nunerical values recited herein include all values fromthe |lower value to

t he upper [0APLE saing erabedimgnis, e con@ctifii ecoprsoiiadeppetatitre itha ragedram
separatio o o K whigher

val e asaglh 288 L bt 240k ob PRy Rl bARONELNE 180 BINCOIARE o
val ue of at Ri9eeshydachdbh @osipeibesas,lcdsobnexfisthhgs, preaper mitaeg heai@ssur e,
time and éhe like is, for exanple, from1 to 90, preferably from20 to 80,
more pr ef BAUBIPGIrplewn 830 naphtp, ad2as 81l nt ended that val ues such as 15 to 85,
22 to 68, 43 to 51, 30 to 32 etc. are expressly enunerated in this

speci fi cag) 0} Iﬂ:gét MR SspMal, Ghe AvRnti&iS RolABaR A0 GppLRGs WK RydrScafiRinsi der ed
to be 0.0001, 0.001, 0.01 or 0.1 as appropriate. g%ese are ‘only exanpl es of
what is spackihg having ai conéasti et fagn dicedsbibjolosit tast cmnbydratarions thof contaegr i cal
val ues between the | owest val ue d the hig t val I d e to be
Cons: der o8 TE ORISR S G Bt i PRl S e e A EARRS PSR, ranner
[ 0033] Apphexid®iing | anguage, as used herein throughout the specification
and clains, may be applied to nodify any quantitative representation that
could perm ssibly vary without resulting in a change in the basic function
to whi ch (@02l I edrae ethbodimeantsdithg cyrnegicnalike mmbetial iledodigd o ther eardactt er ns,
such as "abgyt", is not to belimted to the precise value specified. In
some inst AHCEE, the approxi mati ng | anguage may correspond to the precision
of an instrunent for neasuring the value. EXAMPLES [0034] The foll ow ng
exanpl es {022 el saed ¢rabqtinunde t@ddcbntanalsugiiedagoadprises thosautiay o@fdi nary
skill in the art in practicing the clainmed invention. Accordingly, these
exanpl es E%nﬁBFKThﬁiﬁaﬁﬂéhﬁﬁvention as defined in the appended cl ai ns.

[ 0035] Kaolin was obtained from Sigma-Aldrich Corp., St Louis, M ssour
(MO), USA L Rout: : : L piL acid,
triethyl e[n@"S{ 3@%?@% ﬁfg%lfﬁgéng{a%e@g SR TIR e okl dsin pht‘aﬁ?rgnméhﬁgﬂr#désgl
Reagent Chor,exiungle, aiSphnghaprayCHinma colangheal-gdel acking9hd@steardveing dmt ent
ACE Bl ack, AB 50) . .was obtained fromsynthetic ail and | ubricant of Texas,
e - RoustBhem e i BEriale BBIHC S ulbe R scrBid SEHoU th o nave
di spersive x-ray fluorescence (WD XRF) anal yzer (Ri gaku ZSX 100e, R gaku

| ndustri aj0ogar PRE appaddius thak ¥e any @RARLus GWEtRhydEbEABs Ik raRed andbmged wi th

an X-ray diffractometer (XRD) (Bruker D8 Advance, Bruker Axs GrbH
Kar | sr uheembedipgntp) the apparatus comprises at least one of a furnace tube, a tube fitting, a

reaction vessel, and a radiant tube.



Exanple 1 [0036] The carnegieite-like material Na4Si 2Al 209 was prepared

with a typical solid reaction as follows. Kaolin (12.9 g),

10. 6 g Na2C33

and 20 g wOharealo3ossr e m xed toget her and then ball m || edTaS260037288

revolutions per mnute (rpm for 24 hours to becone paste.

[ 0037] The paste

was dried at 80 C to obtain powder. The powder was cal cinated at 850 C for

6 hours with a tenperature increasing rate of 5 C/m nute.

[ 0038] After

cal ci nat i {0025} PeagowdartoVilS. arenldyB16d 4ugifaghabotdbet leinVMRcHkREn@wlty a6 and t he
XRD. Pl ease rg,fer to WD XRF results in table 1, the conposition ratio of
1

this matefPhp

fisgat althginvantion qongprispp @ CREACLIEIGS | 4 2¢cgatible o agleptione

Na20- st abi| ' . i QN gieite |ike phase of
h{é r%@ﬂb&?(no{T %ﬁ&éﬁ ?ﬂo@%ﬁ%%ﬁu%ﬁ%}a%% th&GEOE

Na4Si 2Al 209 powder .

anount (nol) 1.00 0.500. 01

[0026] In some embodiments, the carnegieite-like material is of formula NasAl;Si,0o.

[0027] In some embodiments, the carnegieite-like material is a mixture of materials of

formula (Na,0),Nay[Al,Si,04].
DEFINITIONS

[0028] As used herein, the term “apparatus” refers to but is not limited to at least one
of a furnace tube, a tube fitting, a reaction vessel, and a radiant tube, used in

petrochemical processes.

[0029] As used herein the term “hydrocarbon cracking” refers to but is not limited to
processes in which hydrocarbons such as ethane, propane, butane, heptane, liquid
petroleum gas, naphtha, and gas oil are cracked in apparatuses, in the presence of
from about 30 weight percentage to 70 weight percentage of steam, at temperatures of
from about 700 °C to about 870 °C in order to produce light olefins such as ethylene
and propylene. Sometimes, hydrocarbons such as bottoms from atmospheric and
vacuum distillation of crude oil are cracked in apparatuses at a temperature in a range
from about 480 °C to about 600 °C in the presence of about 1 wt% to about 2 wt%

steam.

[0030] As used herein the term “coke” refers to but is not limited to carbonaceous
solid or liquid or particulates or macromolecules forming the carbonaceous solid or
liquid, which are derived from coal, petroleum, wood, hydrocarbons and other
materials containing carbon and which include, for example, carbon black, tar, and

pyrolytic coke existing in hydrocarbon cracking furnace.

[0031] As used herein the term “carnegieite-like material” refers to but is not limited

to the material having a Na,O stabilized (or intercalated or rich) high-carnegieite like



0.500.01 Exanple 2 [0039] Na4Si 2Al 209 powders (300 ng) obtained in exanple
1 were ground in an agate nortar and then thoroughly m xed with carbon

bl ack powsor20(2303059) (wei ght ratio 10:1) to be used as ®amfiSe011/03128% bon

bl ack powder (30 ng) was used as sanple 2. Each of the sanples 1 and 2 was
pl aced in a quartz crucible, which was then hung vertically in the reaction
area of a thernogravinetric analyser (TGA) furnace (TG 151, from Cahn

| nst r unentssstal steucturEare.,idt oSictuchwith/Sétain Amoansdfavd,Of intneabddtedilto woutgassed

t hrough a preheating furnace at 700 C and carried 50 wt % of distilled water
st eam t o bodt datticcheitl @aupyymactry PPhdot Eripenat ure in the TGA furnace was
increased linearly at a rate of 10 Cmnute from25 C and held at a

const ant rature of 400 C until the lLance di sturbhance ari si from
o oo s IGBRE R ool AR b helolin B8 36 S bt BR g Rl

Tenper at ugtR dppenvaa@in iltteshchi@ off BRE 8RS BrovlcdIkat Chart i fpaALiBABEL Ibaiper at ur e
rise of 5 G mnute. [0040] The wei ghts of the sanples were recorded at

di f f er ent 2tudipbetatcan a8y kvt valiegnd A8y highicy melue.e Agrad Grgmnges ifait b €died. The

wei ght re i i . I t he
experi monf i e A AL SETb AR o AL A0E Ep Bitels Voo SBEPAT TG (2 e
line 1 rephgrenits, preighd, tiedindttho ikpsr terkagple, Hbmclatoin phifaaklyifror he
sanple 1 at djfferent tegperatures while solid line 2 represents wei ght

reduct i on2P& ELMAGESTHROLAFBBAOBY ALKt IsinteRdedshpIaecs saeh & by erfont?

tenper at uf£gg 4NgeS) | §@%t3ﬁeet3%efegfé§ﬁ§ RassRkd [ @19 &iffc'aﬁ{)ﬁ.eﬁ:o?”d _
desi ccation vessel (packed wth CaCl2) ctonnected to a das cell nmounted in a
Fouri er Transf which laref lesy thain O -onRuns pecinsoiveddo be WO £0.00M, 390 &10.1 R

spectrometer from Therno El ectron Scientific lnstr ts Corp. i son,
W USRS HRPEBEn: PR GHS OB DUPBUR B st Tty duEed Ghind B
through t Bessfble bémBReGSTsTRiueierhl HikdsecBRdent tREMGNEE YARS a8l ehShighesti n FI G
2. In Fl 2, broken line 1 represents concentrations of carbon di oxi de
gener at edvilporneaepicd are & belcoisedesert to karpeanresshr datedvin Khas gpilicdtion rea 2
represents concent rrati ons of carbon di oxi de generated from sanple 2 at

di fferent fnerrpera{l%res. [0041] As shown in FIG 1, weight reduction

per cent ages of carbon black in the sanple 1 (Na4Si 2Al 209- car bon bl ack

m xture) [0088] Wpbtvoxihstinghtangase, ek dsedpeieh whesighespeei glekificatiord haed
tenperature range from about 500 C to about 950 C. However, weight

reduct i oncBEReeRR¥ghs apPligd 9o masifyc RNy nduanBtalxepicareserigipg thait could

appr oxi na i . J t i . gept:rati on of
carbon di g%ﬁses égﬁéﬁﬁéﬁgﬁr%?n&?h%qugn%qaﬁgﬁ?b%w?%% lﬁlg%%lfg% E@E&r gnlée of the
exper i mentelaéd.480c@dinglyd20/allic eepfied a laytedn onteane,wuck 59 “oud’, auaitto 950 C,
when expo'ggg in the heliumsteamm >%t re, rise with the increase .of

t enper at uPRIIMR 1% heoRCERE raficofPSSHISar b IOME oRF ARy e Hsr SRREBXTIEAR t he
sampl e 2 @08 ASmAl cARARBp M (B Ehr¥ciGiod UF b thstrhficRXBERcIRBh g tHd Rie. 1 and 2
show t hat carbon bl ack wei ght reduction and carbon di oxi de concentration of
the sanple 1 increased dramatically with the rise of tenperature in the
range of EXdMVIBbBBt 750 C to about 950 C. [0042] This experinent suggests
that the Na20-stabilized (or intercalated or rich) high carnegieite |ike

Na4Si 2Al 2 i i | .vzi h ' e and
steam i n- N2 f TR SAEPNE o ShpEehR EhRR [ gl FRERChIRRD. FEURRE ST 450
C to aboubf 8&lindey skl aotheedrt i€ prdeaninignhe ctambdnnaxitide., Aacwddinglyesipsei al |y
effective in the tenperature range of from about 750 C to about 950 C.
Exanpl e 36}{9@@919%%9??@%1@@ igfenionas ¢Hined LS aRACNIEE KNt anet er pressed
from Na20- stabilized (or intercalated or rich) high carnegieite like

Na4Si 2Al 20f)3BPRESES vkt HihRd H&nﬁ’S?%fﬁPi-ﬁld]ricﬁn@o@QeStPL&ﬁﬁ Riissth2QRdppe! I et (5
mmx 5 nmx 1" m) were used as sanples and stayed in a | ab scale cracking

f urnace f USAedndvusdd hethvain&irtice arenimont. UNeNOweNgiiOx; aitiio: acid, Iyicthyle8O0 C +/ -

5 Cfor 8 hours., The residence.ti of .t he, he nel.s m m xgure in the
cr acki ng. FUPHaaR wiing” SeEE e it Ram. SteePhdib SETIEL SERRRVER drgur faces
of the twshdipAS] N0 T AbSK BlackiDd. 99%0okebsIE RS AW BlRs AP/ 80) dast he

Al 203 pellet. This experinment suggests that the Na20-stabilized (or

i nt er cal apetdingd fone synthtigreilcandrubicsint el Texas, a4 SopmorBX S AbMated f or

hydr ocar bon cracki ng where coke deposigs are undersirable.



[0044] The XRD results of the Na4Si 2Al 209 di sks before and after the
t denonstrated that this Na20-stabilized (or intercal ated or
was rat her stable duri ngPChaSexiposizaent .

experi men

hi gh car rwgi2eizm3dsske nateri al

rich)

Exanpl e 4 [0045] A coupon nade from alloy 310S (conposition of which is

shown in
substrate

to renove
30 m nute
dei oni zed
G (W%

table 2) with the dinension of 10x30x1 nmmB was used as the

. Before coating, the substrate was cleaned carefully as foll ows:

ul t rasoni corapoditidn wis ¢tharateizoevidindweatddivpdrsil © k130 flbrestcase (WESEREY i vel y,
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analyycet RictkyelSY 080 aRigakydn GorpoIaiE dky9 J@pﬁé)?ﬁgvsraﬁ

SR A3t G 265y TR it RXRES TRAERE 98 Bdvancel 201 © 2

Bruker Axs GmbH Karlsruhe, Germany).
Example 1

[0036] The carnegieite-like material NasSi,Al,O9 was prepared with a typical solid
reaction as follows. Kaolin (12.9 g), 10.6 g Na,CO3; and 20 g ethanol were mixed
together and then ball milled at 500 revolutions per minute (rpm) for 24 hours to

become paste.

[0037] The paste was dried at 80 °C to obtain powder. The powder was calcinated at

850 °C for 6 hours with a temperature increasing rate of 5 °C /minute.

[0038] After calcination, the powder was analyzed using both the WD XRF analyzer
and the XRD. Please refer to WD XRF results in table 1, the composition ratio of this
material was Na:Si:Al=2:1:1. The XRD analysis identified the Na,O-stabilized (or
intercalated or rich) high carnegieite like phase of NasSi,Al,O9 powder.

Table 1

element Na Si Al
amount (mol) 1.00 0.50+0.01 0.50+0.01
Example 2

[0039] NaySi,AlL,Oy powders (300 mg) obtained in example 1 were ground in an agate
mortar and then thoroughly mixed with carbon black powder (30 mg) (weight ratio
10:1) to be used as sample 1. Carbon black powder (30 mg) was used as sample 2.
Each of the samples 1 and 2 was placed in a quartz crucible, which was then hung
vertically in the reaction area of a thermogravimetric analyser (TGA) furnace (TG
151, from Cahn Instruments, Inc., Cerritos, CA, USA). A constant flow of helium
passed through a preheating furnace at 700 °C and carried 50 wt% of distilled water
steam to enter the TGA furnace. The temperature in the TGA furnace was increased

linearly at a rate of 10 °C/minute from 25 °C and held at a constant temperature of
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400 °C until the balance disturbance arising from steam was eliminated and a steady
weight recording was achieved. Temperature then continued to increase to 950 °C at a

programmed temperature rise of 5 °C/minute.

[0040] The weights of the samples were recorded at different temperatures after a
steady weight recording was achieved. The weight reduction percentages of carbon
black in the samples during the experiment were calculated out and are shown in FIG.
1. In FIG. 1, broken line 1 represents weight reduction percentages of carbon black in
the sample 1 at different temperatures while solid line 2 represents weight reduction
percentages of carbon black in the sample 2 at different temperatures. Gases from the
TGA furnace passed through a chiller and desiccation vessel (packed with CaCl,)
connected to a gas cell mounted in a Fourier Transform Infrared (FT-IR) spectrometer
(Nicolet™ 380 FT-IR spectrometer from Thermo Electron Scientific Instruments
Corp., Madison, WI, USA). The concentrations of carbon dioxide in the gases
obtained through the FT-IR spectrometer at different temperatures are shown in FIG.
2. In FIG. 2, broken line 1 represents concentrations of carbon dioxide generated from
sample 1 at different temperatures while solid line 2 represents concentrations of

carbon dioxide generated from sample 2 at different temperatures.

[0041] As shown in FIG. 1, weight reduction percentages of carbon black in the
sample 1 (NasSioAl,Og-carbon black mixture) rise with the increase of temperatures,
especially in the temperature range from about 500 °C to about 950 °C. However,
weight reduction percentages of carbon black in the sample 2 remain at approximately
0 during the experiment. As shown in FIG. 2, concentration of carbon dioxide
generated from the sample 1, in the temperature range of the experiment of 400 °C to
950 °C, especially from about 450 °C to about 950 °C, when exposed in the helium-
steam mixture, rise with the increase of temperatures, while concentration of carbon
dioxide generated from the sample 2 remains at approximately 0 during the
experiment. FIGS. 1 and 2 show that carbon black weight reduction and carbon
dioxide concentration of the sample 1 increased dramatically with the rise of

temperature in the range of from about 750 °C to about 950 °C.
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[0042] This experiment suggests that the Na,O-stabilized (or intercalated or rich) high
carnegieite like NaySi,Al,Oy is effective for catalyzing the reaction between carbon
and steam in the temperature range of 400 °C to 950 "C, especially from about 450 °C
to about 950 °C, to convert carbon into carbon oxide, and is especially effective in the

temperature range of from about 750 °C to about 950 °C.
Example 3

[0043] Two disks of 1 mm thickness and 10 mm diameter pressed from Na,O-
stabilized (or intercalated or rich) high carnegieite like NaySi,Al,O9 powders obtained
in example 1 and one piece of ALLO; pellet (5 mm x 5 mm x 1 mm) were used as
samples and stayed in a lab scale cracking furnace filled with heptane/steam mixture
(weight ratio: 1:1) at 800 °C +/- 5 °C for 8 hours. The residence time of the
heptane/steam mixture in the cracking furnace was 1.5 seconds. No coke deposit was
observed on surfaces of the two NasSi,Al,O¢ disks, while coke deposits were
observed on the Al,Os pellet. This experiment suggests that the Na,O-stabilized (or
intercalated or rich) high carnegieite like NasSi,Al,O9 may be used for hydrocarbon

cracking where coke deposits are undersirable.

[0044] The XRD results of the NasSi,Al,Oy disks before and after the experiment
demonstrated that this Na,O-stabilized (or intercalated or rich) high carnegieite like

material was rather stable during the experiment.
Example 4

[0045] A coupon made from alloy 310S (composition of which is shown in table 2)
with the dimension of 10x30x1 mm’ was used as the substrate. Before coating, the
substrate was cleaned carefully as follows: ultrasonic agitation in acetone and ethanol
for 30 minutes, respectively, to remove organic contaminants, ultrasonic agitation in
HCI (3.3 wt%) for 30 minutes to etch the substrate surface, ultrasonically rinsing in

deionized water, and finally dried completely by compressed air.



- - - - - - 1.5 [0046] Na20-stabilized (or intercalated or rich) high
carnegieite |like Na4Si 2Al 209 powders (2 g) obtained in exanple 1 were ball
mlled t owpeak#03058i t h average particle size of 1.7 um aoa/usesid/osizsed w t h
2.5 g deionized water. dycerol (0.4 g) was added into the m xture. Then
the m xture was bl ended wi th hi gh-speed m xer (Speedm xer TM DAC 150FVC,

Fl acktek Inc., Landrum South Carolina, USA) at 4000 rpmfor 1 m nute and
becane sl Wasly2 Di pped the all oy substrate into the slurry to cover the
coupon surface to be coated with the slurry. Dried the coupon in air for 2

hours and thegncgal chneld et | ain §0&; CJ 1 g dr gon| atydsyabelr e A or] Zrihdugs.] XRD

results il|dent|ified the 2)-stabiIiJ§ed( i ptercgal atied or |rich) high
(%0

5t

Na or i
carnegi eift e |[{(vi&0)nade (w0 NaaXs)| o R ot Yoh(wibie| (Wil nivao) it tre”al [[wijo)s rate.
Exanpl e 4510844 Thescoatet—a oy coupor—obtaregd—in—exanphe—3 hen
used as a3i(z$;%5e6 a;lng'gst;;ed ]|¢1 tﬁ'é‘ cracki ng furndace at 860 |C T or hHours in
the heptane/steam (1:1 weight ratio) mxture. The residence tine of the
hept ane/ s{(®a6) Na)b-4iailiz8d t(Be igeRelsicdgord HEMAARhV@SndLi&ites RROMISSH ADOGOke
deposit was observed on the Na4Si 2Al 209 filmafter the experinment. Energy
di sperse BP&Es d3copyoipimpd in |rempie & yere, batk pulel (pewdemnysh aorfagedshire,

car bon can Bt shE Gl SnP b bl RP e BRSSP AR 0 B never.
coke deposiat adier mto®isemvadreoThthehdhaxdkres@as bnded withehighdspyedsmbedk r at e

i thout the Na4sSi 24 209 film Thi i ment that the Na4Si2Al 209
i1 mis el RSEaTOSr T oA IIPRUEY R koRe e pERItraTWRGH I FEoRBb N8 s

cracked iﬁ%%d\j@rrﬁfo‘?%%ﬁﬂﬁte%fnd%@ asnlhg941§ipp¥g]{ﬂe%11%9lsﬁ(bs@r‘?lfetiﬁ{onthg SRky§s of the

i nvention een IllTustrate
cover the coupon surface to be coated with the slurry. Dried the coupon in air for 2

hours and then calcined it at 800 °C in argon atmosphere for 2 hours. XRD results
identified the Na,O-stabilized (or intercalated or rich) high carnegieite like phase of
NaySi, AL, Oy in the film on the alloy substrate.

Example 4

[0047] The coated alloy coupon obtained in example 3 was then used as a sample and
stayed in the cracking furnace at 860 °C for 5 hours in the heptane/steam (1:1 weight
ratio) mixture. The residence time of the heptane/steam mixture in the cracking
furnace was 1.5 seconds. No coke deposit was observed on the NasSirAl,Og film after
the experiment. Energy disperse spectroscopy (EDS, Inca X-sight, Oxford
Instruments, Oxfordshire, UK ) analysis was performed after the experiment and
confirmed that no carbon can be identified on the surface of the NasSi,Al,O9 film.
However, coke deposits were observed on the blank section of the alloy substrate
without the NasSi,Al,Oyg film. This experiment suggests that the NasSi,Al,Og film is
effective for eliminating coke deposits when the heptane was cracked in the presence

of steam.

[0048] While only certain features of the invention have been illustrated and

described herein, many modifications and changes will occur to those skilled in the
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described herein, many nodifications and changes will occur to those
skilled in the art. It is, therefore, to be understood that the appended
cl ai ns arwoint2#nsesd to cover all such nodifications andPciarsg@s/oanss al |
within the true spirit of the invention. CLAI M 1. A nethod for
converting carbon into a carbon oxide, conprising: contacting carbon with
steamin presence of a carnegieite-like material of formula
\(Nh Na20), ( 1!&13;.a21[ R BbicZ68) to Mherderstodiicthatlthe appended Zlaiﬁhardfﬁtd’m?dd of C(ﬁdeﬁi m 1,
ereint contacting occurs at a tenperature in a range from about 400 C
to about ilgew%@ocﬁﬁcaﬂons qud fﬁi*?é‘gﬁ%%srf&ﬁ V‘G&HEﬂhﬁiUﬁﬁefPlr\RﬁEFh@ilﬁVeth@ncont acting
occurs at a tenperature in a range from about 450 C to about 950 C.
4. The method of claim1l, wherein the contacting occurs at a tenperature in
a range from about 500 C to about 950 C. 5. The method of claiml,
wherein the contacting occurs at a tenperature in a range from about 750 C
to about 950 C 6. The nethod of claim1l1, wherein the
carnegieite-like material is of forrmula Nad4Al 2Si 209. 7. The net hod
of claim1, wherein the carnegieite-like material is a m xture of materials
of fornmula (Na20), (1\1a2[ Al 25i 208] .

11



8. The method of claim1l1l, wherein the carbon oxide conprises carbon

di oxi de. 9. The nethod of claim8, wherein the carbon oxide

conpri seswoaptxa3essnoxi de. 10. A nethod for hydr @caniseo1o8a8Ki ng,
conprising: contacting at |east one hydrocarbon with steamin an apparatus
havi ng a contact surface accessible to the at | east one hydrocarbon, the
contact surface conprising a carnegieite-like material of formula

(Na20) " NaR[AIRS: 208], wherein 0<xl. 11. The met hod of claim 10,
wherein the carnegieite-like material is of fornula Na4Al 2Si 209. 12.

The met hod of ¢laim 10 erein the contacting occurs at a tenperature in a
range from about Poenhedy I9h FONVEERS CCAPRR MKEY i FATPHE A9, cSAIDTEHIE:

hydr ocar besh £ QR dafh ith! &A% 1P PRGNS ALRRARE mAAH AR foffRh ane,
i quid petrol eum gas, naphtha, and gas oil. 13. The method of claim

10, wher e(Ma,OhNaophbHedilnghacu<x<at a tenperature in a range from about
800 C to about 860 C and wherein the at | east one hydrocarbon conprises at

e I S R
carnegi ei § exdob KRB 460 °C %o FodWk X000 & .0of materials of formula
(Na20) " Na2[ AI"2Si 208] . 15. An apparatus for hydrocarbon-cracking

havi ng a contact surface accessible to at |east one hydrocarbon, the
contact surfacé cdhpmoshaipolclaiar hegicssinshg ¢qusactng oc¢usd alod temerig in

(Na20) " Na2[ Al 2%}0%%)%‘111%2@?? i n O<xds0 oC. 16. The apparatus of claim 15,

wherein t e &&r negi el (tao %]%Otuerl al 7is of fornula Na4Al 2Si 209. 17.

The apparatus of claim 15, wherein the carnegieite-like nmaterial is coated
to the contact 4suThaasthod of claim 1, wherein the contacting occurs at a temperature in

a range from about 500 °C to about 950 °C.

5. The method of claim 1, wherein the contacting occurs at a temperature in

a range from about 750 °C to about 950 °C.

6. The method of claim 1, wherein the carnegieite-like material is of formula

Na4AIZSi209.

7. The method of claim 1, wherein the carnegieite-like material is a mixture

of materials of formula (Na,O)Na,[ Al,S1,0s].

8. The method of claim 1, wherein the carbon oxide comprises carbon

dioxide.

9. The method of claim 8, wherein the carbon oxide comprises carbon

monoxide.

10. A method for hydrocarbon-cracking, comprising: contacting at least one
hydrocarbon with steam in an apparatus having a contact surface accessible to the at
least one hydrocarbon, the contact surface comprising a carnegieite-like material of

formula (Na,O)Nay[ Al»Si1,05], wherein 0<x<1.
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18. The apparatus of claim15, conprising at |east one of a furnace tube, a

tube fitting, a reaction vessel, and a radi ant tube. 19. The
appar at uswof20lmBess 15, wherein the contact surface conpPCIas2&108288 ng of
carnegieite-1like Na4dAl 2Si 209. 20. The apparatus of claim15, wherein

the carnegieite-like material is a mxture of materials of formula
(Na20) "Na2[ Al 2Si 208] .
11. The method of claim 10, wherein the carnegieite-like material is of

formula Nas4Al>S1,0.

12. The method of claim 10, wherein the contacting occurs at a temperature
in a range from about 500 °C to about 870 °C and wherein the at least one
hydrocarbon comprises at least one of ethane, propane, butane, heptane, liquid

petroleum gas, naphtha, and gas oil.

13. The method of claim 10, wherein the contacting occurs at a temperature
in a range from about 800 °C to about 860 °C and wherein the at least one
hydrocarbon comprises at least one of ethane, propane, butane, heptane, liquid

petroleum gas, naphtha, and gas oil.

14. The method of claim 10, wherein the carnegieite-like material is a

mixture of materials of formula (NayO)Nay[ Al»S1,0g].

15. An apparatus for hydrocarbon-cracking having a contact surface
accessible to at least one hydrocarbon, the contact surface comprising a

carnegieite-like material of formula (Na,O)Nay[ Al,S1,04], wherein 0<x<1.

16. The apparatus of claim 15, wherein the carnegieite-like material is of

formula NasAl,S1,09.

17. The apparatus of claim 15, wherein the carnegieite-like material is coated

to the contact surface.

18. The apparatus of claim 15, comprising at least one of a furnace tube, a

tube fitting, a reaction vessel, and a radiant tube.

19. The apparatus of claim 15, wherein the contact surface comprises a

coating of carnegieite-like NayAl,Si,0q.

20. The apparatus of claim 15, wherein the carnegieite-like material is a

mixture of materials of formula (NayO)Nay[ Al»S1,0g].
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