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reactiog@nventi onal nmethod of reform ng a gaseous or liquid
hydrocarbon fuel is partial oxidation reformng. In
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in the presence of a catalyst. The catal yst used
While the second reaction is slightly exothermic, the first reaction is highly endothermic and

requires an external source of heat and a steam source. The heat required is typically supplied
by the combustion of refinery fuel gas, pressure swing adsorber (PSA) purge gas, and/or other
fuel gases. Commercial steam reformers typically comprise externally heated, catalyst filled
tubes and typically have thermal efficiencies of 60% or less. However, certain stream reformers
have higher efficiencies. Exemplary high efficiency reformers are produced and sold by Davy
Powergas.

Another conventional method of reforming a gaseous or liquid hydrocarbon fuel is
partial oxidation reforming. In partial oxidation reforming, a mixture of the hydrocarbon fuel
and an oxygen containing gas are brought together within a partial oxidation chamber and
subjected to an elevated temperature, preferably in the presence of a catalyst. The catalyst used

is normally a noble metal or nickel and the high temperature is normally between about 700 °C



is normally a noble netal or nickel and the high
tenperature is normally between about 700 Cand about
wa22eo/oss26or catal yzed reactions, and about 120BC10CTS1006/039150
about 1700 C for noncatal yzed reactions. In the case
of net hane or natural gas, h?drogen is liberated in a
partial oxidation chanber according to the foll ow ng
and almne A 200 °¢ Eacaiatyzed Gddtions] AndGibofit 12000CGHoz2beEt INVSC for non-
reaction i i ghl xot herm c_and once start.ed . .
catalygEh el ToMetta e onnEN Saf s fioksf i firatsa » partal
oxidaB¥i Elidhdler BEREdiRERPILY f@lovihBMRal RRkNon:S required. The
catalytic partial oxidation reformng technique is

siGhpd er 2 Pan. (K2 tat Hbytic steamreforning technique,

. but.is not.as thermall.,y efficient as catalytic . steam
This rpaign iy Rgh e ERERaot hotE wrtoiebeRies sucipupanls fofe
sustaihit@l NoSexdth@ltHRer ipply’d fsRai NPplyqs regFEY. - THY catalytic partial oxidation
autothermal reformer uses a conbination of steam

reformiag dechpigge anhdmpler thaa thosdtelie Feam efforming echyigse.dubisdiot as

[y ' .%‘i eform ng reaction is used
therm{af(l)fﬁ%ffg!é%{ E%g#ﬂgﬂ%cnﬁﬁﬁ@eanér eform ng reaction. An
ainotiee neetodrofreforreing rihy diovatben Yuel asagothernmd teforming, or "ATR".
nt. than either a cat? amreforper or  a

effici lytic ste [
Anaué%{l FeOmREr 1558 2 (oeRRimation Pl s rrﬁfzmngsanﬁg)a A%iqation

refonﬁa_h%n 4 AheafBSm (RS phisl AGHRRIEMBRAINEYE] ctioh YR &Mhda® the
I'1 berated according to the follow ng overall reaction:

therm@hy steam fpforming|reactiph OAR afitotha@mal refqrey oy 2) mahp cases be more
e 5 0 SR b RS AL e v

methan8ydt raagdl dab. o thdRydtedareisstuele hpdrobéidis H’ilb%t%‘asa%ording to the
di scussed above may be used in a variety of secondary

folloipg ewergbseactipit: exanpl e, synthesi s gases may be used in

C o7 o HePhAE S o R e b whgs T ™ 7"

The ef@PFodlfct dftthd RfehBbompldcedsNOWpiQIY $efetrBBtoN®Ayn®bsis gas. Synthesis
vari ous processes in an industrial facility to produce

gas (sgp gayhirom ferargesrefraing propesyes discupiclapoys par be uied in a variety of

v ea S . .
ssonly BB KB ot SFASIL AL MUEHE TR 12rd36 B combncs
carbop nomesle and hgdrogemig foire nfedranal indhe pleseigabhg satslygas

usj a steamreformer to produce. el ectricity are, .
di%ﬁjégwsdt }S&Tﬂ @191%&%m e byt e&&aﬂgﬁap@f%%s, 1393 industrial
facilityROYrdddebistkdh & odrRfdtd ElbbBSity RAOHE PrRkiY¥s Withid e BRITied
t a?es f

, which have steamreforners for the pr oduptl on
Exemplary siyskeons thatnsg ihdeexdaust iggebs agé stefm rfrans gariqus iedustriad processes

. roductio new have relatively inexpensive,sources .of
el TR R S BTl e Sl TR Ry R e
disclos@dlizst IS, Bhtehi® 6|d10104¢ 9nd 51066 3260r € economi cal |y
attractive to purchase the nethanol and ot her

Many industrial facilities, particularly in the United States, which have steam reformers
for the production of carbon monoxide and hydrogen for use in methanol production, now have
relatively inexpensive sources of methanol available. For the operator of many of these
industrial facilities, it is more economically attractive to purchase the methanol and other
products downstream of steam reformers from a supplier than is to produce the methanol and the
like from synthesis gases generated by steam reformers.

As such, a need exists to utilize the exiting steam reformers in a way in which the large

capital expenditures associated with these systems may be recouped, while providing a benefit
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(iii)  removing said second stream from said outlet of said steam reformer.

In another aspect of the present invention, a process for generating steam comprises the
steps of:

@@ supplying a first stream to a steam reformer,

wherein the first stream comprises essentially 100 wt.% water;
has a temperature of about 450 °C to about 550 °C;
a pressure of about 1150 kPa to about 4600 kPa; and

at least about 80 wt.% of the first stream is in the form of steam;
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tubes arranged between, and in fluid communication with the reformer inlet and the reformer
outlet;

wherein an inert packing material is dimensioned and arranged with each of the plurality
of tubes to provide a turbulent flow within the first stream, the packing material comprising
ceramic balls, cylinders, saddles, pellets, natural stones, natural gravel, or a combination thereof
having a diameters of about 8 mm to about 50 mm; and

wherein the tubes are in thermal communication with a furnace of the steam reformer.

The systems and processes described are particularly useful for producing steam in

facilities having a steam reformer previously used to produce synthesis gases for purposes such
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The primary difference between these reformers is the manner in which heat is supplied for the

Brief

endothermic reforming reaction. In a tubular reformer, heat is supplied through the walls of a
cylinder to the catalyst material (see for example U.S. Pat. No. 4,098,589.) In an autothermal
reformer, heat is supplied to the catalyst bed directly by the heated gases entering the reformer
(see for example, U.S. Pat. No. 3,976,507.) In a cyclic reformer, a plurality of reformers are
operated simultaneously with one set of reformers operating under a combustion phase (reacting
fuel and air) to provide the neéessary heat for the hydrogen production phase, while another set
of reformers is operated under the hydrogen production phase (reacting hydrocarbon and steam),

with a switching of phases when the temperature of the reformers in the hydrogen production
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a first stream at a temperature of about 185 °C to about 350 °C and a pressure of about 1,150

kPa to about 4,600 kPa containing essentially 100 wt.% water, wherein from about 80 wt.% to
about 100 wt.% of the water is in the form of steam, with any non-steam portion including free

water, to a second stream comprising essentially 100 wt.% steam at a temperature of about 760
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~course, the efficiency of the production of the steam
efficiengy@s comparet ¢o conyeptiense sfeah pyedictiomsysgfans. depend on t he
IS Ay 5 e RV L IR o R o
at a highredficiead) mtepthequesentsineanioatrerafihs e ivinblyalteatatise af suwh an apparatus
I t 60% f b t t 70% f bl.y. .at .
retroﬁqeggailfi/ og Qp/%ra%,eaé %ésr%g#%q ggp{perg{?y ]prgsa@% a g{g}geﬁe cr)grglggblg steam at capital
cost of 118 rﬂ%@ﬁaxpﬁl‘ﬂgﬂ%% &Hﬁ{gt SRR REARMTEiRResSYSt ens,  such
as gas fire ol lers typically produce steam at
dh fah einbadiymana vEthe pfeskridgventian, afrocrss §8%en¢mtingsiedyn eépmprises the
" f,nexpect edly di scovered that the convection heat
SIePS Ot-ecovery section of a typical steamreforner is

qgner%hgmfyﬁl\g%rﬁisﬂ%aﬁﬁbatske_éﬁl feformegonvent i onal boi |l er
utilize or steam production. This attribute of steam

rteseipdhastinststiran eopisebesaentiplly 18P Ve ihRigtcachas dempgrature of

about l%fodg,c‘Joea%SMt 0 0 %@%s?&e B A £58 kPR avsheAHo kPa; and at least
producti on systéns.
about 80 wt.% of the first stream is in the form of steam;
wherein the steam reformer comprises a reformer inlet in fluid communication with a
reformer outlet, and at least one tube arranged between, and in fluid communication with the

reformer inlet and the reformer outlet; and



However, even if the existing steamreforner apparatus
i s incapabl e of producing steamat a high efficiency

WO 2608/052he present invention remains a viabl e PCT/US2006/039150
alternative as such an appar gt us retrofitted and/ or
operat ed as described herein may present a source of

i apl e steam at capit t of less th xpandi
CRhETa G ASe Sa et br BT FOBmIRERaR Wtk a dpRace of He steam
refomfépbodl ment of the present invention, a process for

generating steam conprises the steps of: (i) supplying
a(id)i r sheating etienst@ rertsineeiispiddirst smeam withan edid at hestfo'ma stbes to

stream rlses essentl % wat e
produieis SEME HBI SSRprEi Bhestialy 100 8 e A TeipolBu of about 760
°C to &ouBPEUC 2ADA o i BRufe AN S0 KPAROMDoLERT0 Iadart I east

about 80 wt.% of the first streamis in the form of

stihm Toneing 19id 3peord Beeany 6918 threqutlebpifhp seamacioanes: mer
e é&laafri Flé ll%rgvﬁ efﬁgﬁé %g l%[gttl(ﬁl 5feaf &5@%&1091&1; 4t§a}m reformer

ast® one tu e arran ween,
apparamrmml in@piabparibf :lnstem refefmarispsteinn lAetormnkidriabsteat oeformer 2 may

dwh t tub th I
sl elide DAY W BFIoEE  4F RSEBIGP RGBT R por caalys

filled &Jbea 4 he&idnehigh a'nﬁﬁ&&e & At RMhyRko Rt Jak hidy b%tcﬁl%a@a from a
hin said at | east one tubes to produce a Second

refonrs:r tréarﬁ toarmpfargienguttet 4 bn i fukll gas sQ@ced p%vsde@ anergy tamaintain furnace

at ur of . abou bout 3
3, and pFAREE e £ o0% Bt 8P il oG R0 1?1 85 20 Ko Benbodiment
shown, € BNMbigiondithosRe®NE pdvidan teferhdriPeo @gﬁﬂl? toxsagenttb @urnace 3.
steamreforrrer Prior art FIG 1 provides a schematic

r Byt waiat epardipne hadreeﬁb@hgaséﬁamépéam #5c# wethepe fuel gas stream is
misco PIERLVRIRS B0k ALSEL AL ol BnBbPATLERETPL iy goic
as a moizadrizrdel 4 The mbanreas then remaced 3rannniolstunivelr 14 as m1xed stream 16.

communi cat.i on w more c st. fill ubes
Mixed RgH aoB et s ey e ARV RY A ek g g Rpine 18,
Whlch'fﬁ%l géepdgitfoﬁga eﬁith.frf Aedah gl o84 PPbf dt&tnClefSnic® 2&})1“6(?1{0@& WPfurnace 3.
gaS Source 6 prOVIdeS energy

Mlxedﬁﬁ:am éé rs lteateda@ erqelucwﬁrehmjgd steshioy 2% r TIe melagratio of steam (i.e., H,0)

to carbo n‘g eﬁ% L§ g%]; aBQ g;sp&c @‘Xﬁg}%’teg ﬁrogﬂofg § 3?5 %cgc%dérllgrlly,ttﬂee water

presenm E@Meﬂ%d areaﬁlfmﬂypfcalzy fa@gésumhwwm en77 otPa) fbﬁ@é@i&)rﬁhe total
In a té i cal operation, drocar bon gas stream

weightlRi*sd seared AaREhrifed Sf@%?@ 4 pesmendedisesgd élﬁau%ib%?f@&ef inlet 9,
and th}%u{gk‘l cétfgg{ ﬁflecﬁ%: gam v(;}ﬁa?él hﬁk&gstl%'él%ai'@ i@ ﬂga{tgé W?ﬁﬁ]?éﬁ)rmer 2 and the
wat'er e . The

I'n a deviCe suc as a noisturizer
above fiescribee réfermdimn reamtion éakes plane tuprediunelsymhesm g&s m xed

S, b s R AR by e YRR L PSSR, o
methane, and smaller amounts of other hydrocarbons, and water delivered in preheated stream
22 are converted to carbon monoxide, carbon dioxide, and hydrogen in accordance with the
formula set forth above to produce a wet synthesis gas steam 24 containing excess steam. The
excess steam may then be recovered from the wet synthesis gas stream 24 by conventional
means, typically by condensing the steam out as water into a water recycle stream 26. Water
recycle stream 26 may then be reused in the reformer process or other processes (e.g., recycled
back to water stream 12.) The resulting concentrated synthesis gas 28 may then be used in the

various processes, as described above, including methanol production.



whi ch may be positioned within an exhaust gas 20 of
steamreforner 2 produced in furnace 3. M xed steam 16

WO goohesi2ed t o produce a preheated stream 22. TPET/IS1086/039150
ratio of steam(i.e., HO tg carbon in preheated
stream 22 typically ranges from2.6 to 3.2.

Accor di ngl y, the water present jn preheated str 22
SR ?%@é@nﬂvwwewu% Qg@nf?l%&m/%m phaay ?ﬁ?
.
reform%Pﬁ&'ordi‘Eé %JH]d P{egécﬂtg%%?ﬁé% Sgl:iq@ %g’]ccegf rfagl? ‘f)l?énc‘ééegté Hc?&ﬁ%dzgerem in
which urtcﬂuﬁst@”nomatraioy)sl syhthlebie gag jprodsctibn stelany reformed aeahgsmestzas shown in

FIG. 1Bt e redigt i e B S P b iR s eall o RUARESS gos and

excess@®am. Accordi ngly, under typical steamreforner

operation, within catalyst filled tubes 4 nethane, and
he embedimgnt howm, @mérﬁqdyqﬁo@@arrﬁdblﬁ shovambavipg @ firebox or furnace

43 mtﬂ%ygérﬁ&uhﬁa ne@ﬁﬁ‘{) A Iéﬁfea{?g?c%llg %l\%&é\‘&%@t@o‘gs U9 A fuel gas

on nmonoxi car I 0X ogen 1n
sourcealdmﬂdam&ﬂ)um(tﬂmt fvarrdectark aoissainef] ovithiin ﬁi‘nmce 48do proyvilecanergy
as steam 24 contail nhing ess._steam
(heat) B gl BSOS R TR AT (BEPHEBE i It AL P10 rapiore

prefera%‘% E’tﬁﬁﬁ '8§0°Qla§) a%Bﬁte%W’ 24 {2yYq GROMENS R sidB@ R about 20 wt.% free

Ically by condensing the steam out” as water into a
water auglt about ¥yt Vetosibpetalfi0ne, o\sieaey, ankhapinga tmpetatue®f pbgut 185 °C to

ot S0 B S LI, DS TR A EF 0 bl i3 o

modifith Steh@SEolin B4 ORNE SH¥fwnaih FamEY D} Fedl s&e@ﬁﬂs %&myprémfbd asit
be used in the various processes, descri bed abov

travelsj theugicheabexeenesromdgipas 6 pertirmd lehlp R\t epehaugf gas outlet 52 of
modifigd d&pﬁﬁ%&o% go%%ﬁ?g AhbA ﬂeaﬁp rﬁk}gﬁjé 'ﬁ%lrgtre% 3 is preferably at a
noditie t

ste mr ef or nmer accor to the prese
tempegature of atarut 43 eC sy sfoatS5S AT amd mpmssms ofigmat 1,828 kRaatoeabrmut 2,170
in which include a conventional synthesis gas
kPa. production steamreformer arrangenent as shown in FIG

]Wtat@Tstr&ﬁﬁ 5888 o260 VatdBShich&fled Qfeafnls? BIRCHHRE ! 'a‘fﬁst stream

of steaminstead of synthesis gas and excess Steam
58. IntahenshedonénieWates siovam 5@ proyifles iveter te prsheated stozamsS%hnmmount

surtcig b ifllar bR A Rt BRETi ! b e topio s apgnt of

water flovided ®§ whter stredrd 86 nigsbesdiy @ uflediatioor¢eithimt the Amaintt
source 46 are consumed within furnace 43 to provide

necessarydp@yoined? Widoipmpaehimiigodicrmed r ef or mer 40 at a
ETRPABLR el RO G R RESAREAN, g amoun
sufficieny to pradmoe firs? Strewm 98 fir & satwvated rstag dinabion e®0dimentd, the amount of
abou 00 wt. % steam and havi .a_tenperature o
water Gggted BESvais o Ga0s 30mest bt LAY e o gHe 58 with about
1 wt. fy;lto%'éukﬁm % BEOWhteL, Ila7agditfé>P§l én?oo%lﬂﬁéﬂtb 8k 4ot o vaft? provided

nodi fi ed steam refornmer : shown in Figure 2,
by waﬂee sitcast p@transnavay sufﬁclpnfeth eom‘edie €n§t streapy 28/with abowsdghit.% to about

15 Mlgge(%;%\g%t%g gfs}lgsglﬁjlt qﬂgeir} o@#n%%ts? ('Phep Ny utnlt 8f \%gte%lloblldgd %y Q&a&er stream
56 is an amount sufficient to provide first stream 58 with about 5 wt.% to about 10 wt.% free
water.

First stream 58 provided to reformer inlet 49 preferably has a temperature above 185°C,
preferably first stream 58 has a temperature of about 185°C to about 550°C, more preferably
first stream 58 has a temperature of about 450°C to about 550°C.



nodi fied reformer 40 to produce preheated stream 54.
Preheated stream 54 is preferably at a tenperature of

wW@b@anse0 C to about 550 C and a pressure of PODUB2006/039150
1,825 kPato about 2,170 kPa,, WAt er stream 56 may al so
provi de water to preheated Stream 54 to produce a

rst stream nmbodi te eam

.J;J.uawtlzfé@ et e#seratbéy B?se%@aisat? ot Eafﬁ %ﬁuﬁ ﬁﬁﬁé’aﬁaﬁ@bly first
stream §81ﬁ15g &gl%%uré 8r Jafo%@lypﬁ) m th AbAR 46bo M4, eith MBreSdurd 8F about 1,825

irst stream58. Preferably , the ampunt of water
kPato d:omlvﬁdéﬂkﬁybmgmorspreé'cxmd% may be any anount equal to

r.l ess than €. anoun t VI d

et SE 2 iR of By SO e ARAERRAIof (LR s a0 i bpotea
througlt Re€orad¥p Uikt 40, thaeldy the pRIYAIRE of ey, @hd &Ieheaﬁb&ﬁl ﬂrcﬁn afbdified

ampunt sufficient to produce first stream58 in

reformey£40 thepugh refprmer, outlgt %lt HethepreeRssereid Systene d‘éﬁ?ﬁh?fi hegein, tubes 42
in mod%%i?éfo%gﬁﬂ Pk ovﬁ%g&%nlcég KRB st sérg 3B lAE§orb thle heat energy

I Ccl ent stream th a
generatatl vs%rﬂmfmimmt%m nwdifedf refoemand (eto. producaddietondrstleam 60 comprising

aqi ment s, amunt of r prqvided b ter . )
sbout B s ater s e OHGn e e G LRI eBER V1eg: PRfegiexits modified
reforméiéfoecﬁfﬁugﬁr%hﬁeﬁﬁ@kﬁﬁ wt. % to about 15 wt.%free
wat er n stil ot her enbodi nents, the anmount of water

pn o prefertebymbediwents t:sselatmllsr@llu of seqond styeatn 68 i Suipei keaatedtsteam.

o i o W Rl DR Bl BB o

760°C toutRit 980 T ehdes plkyird afatdedsEAtRRE 81301 ahYEprEfp4ibly about 1,150
prefer ablk% first stream 58 has a tenperature of about
kPa to &183\'9&599 Bout 5500C, more preferably first stream 58

*’I%eé‘d eJe"J} zg%lf (ﬁrﬁﬁtﬁhca"cﬁ%tﬁ £h 9 {’5529&1(5%%1? tubes 42
stream pre era as a pressure o east abodt
need b&d(ﬁﬁ)pﬂse&a)f a reefneyn bcbr;dubiwesmaisnale él?nb58421aus paefprablseomeprised of

iron al]g;rs g S5t prfg'eg | g(g) g,aal abo y fr'sgvc\)r ig % i \(I‘,M%Ié(?%(gl Mégmde efficient
heat m&l’sﬁ e aﬁﬁemﬁitdlﬂneﬁ%bas Pantay e8mPfisd 4 Keat redlst-R0AMHR8 preferably

preferably all of first stream 58 is then direct
Paralloy lavaileple fremdpensestensLéd, Melboume ouths likke plurality of

53PS TP B B S R, it

compoSisish efrﬁrsdmm bet ibattehino thdraekcdldr ¢crmpﬁsdiofnl ofdecond stream 60.
reformer 40 prow de a residence space for first stream

The onkygprogess pdiehytakesepl FF@anéW@ii’é‘;? gleamrgtosend ithe mgreastcie
temper i%r@indmdi jﬁa@@ck&aﬁ%@ R hc%/vt 4 WePiPIYnE @ second stream

O conpri sing abo % water 1 n the form of
dh eaoﬂlemlﬁcﬁhmbﬂltymbaw imeabexdplsmeaapackusigl redterged 45 swhich provides a

turbuleB e e B ST AL = BAStiacar i s 37, datosrieb Padkine
materifl @5 BaysinBRte BeRmakrial ®BIh improves heat transfer between furnace 43 (and thus
tubes 42) and first stream 58. In an embodiment, packing material 45 may include conventional
reformer catalyst. Packing material 45 may thus provide flow characteristics within tubes 42
that function to ensure mixing and even heating of first stream 58. Tubes 42 may also be
modified to increase surface area, to impart turbulent flow, or the like to improve the efficiency
of heat transfer between furnace 43 and first stream 58.

In another embodiment, packing material 45 may comprise particles of an inert material

positioned and arranged within tubes 42 to provide turbulent flow, and thus to ensure even heat



Preferably, second stream 60 has a tenperature of at

| east about 760C, preferably of about 7600C to about
wO®70832and a pressure of at | east about 1150 PCPHES2006/039150

nore preferably about 1,150,,cPa to about 4,600 kPa.

Tubes 42 need be in ther mal “‘communi cation with a heat

source. Accaordi ngly bes 4%{1need be, conpri sed of

transfer BT HAAIEn g R PRbORHISEH PAIAE TAlEE L AP p S aragme ol
cyhnde‘fso gﬁd’le%reﬁel%@s tﬁE |11E¥ %n&ﬁ&lﬁg kose Q&Efn%fc@myyav%ﬂa&@hﬁ&q the

er a oys bit cofrosion and provid
des1gna$1foﬁ iDxinstohe freomt quan€h@mcall Broduct &isidhment , t ube s 42

ris resi st.an IIo nef er

O 6w GBS B Bl g b
mm to bbht 50 e, IDardihe FhOAHRRME, tutied m%&y&oawlmpacmgqmeﬁams

catal ytic reaction. As such, the mol ecul ar conposition
comprigipg hpfueal sneeA8BEli s i dentical to the mol ecul ar

m%%% ggocg 12@%‘?@“{}%‘2% Q%@?%hﬁx%for@%g?n&% (l)fsrﬁg(?&ﬁ eam 60 may
then ustd & procideaseuica of sppenad heat fandtions asep Iti&seg]rmluamgmdﬁstuah

liquid water to steam |n another enbodi nent, tubes 42
compleay conprise a packing material 45 which provides a

i, E}%I i ugfléﬁi\ﬂeﬁ‘fc{eﬁ'lﬂ Fid; I B kel 828302 80 &Sshotvni BrebRa k&4 heat

es 42. Accordingly, packing material 45 may
exchan'geroﬂmbera ayortimnarfithd enehgycraliangirsecans! shieam 60ria fresderred to a utility

stream ??tr %n@gjg E)?n %eﬂérgfﬁ%cg nd t lf'lesémtpaa gn&ger%;au?ngf I aboly 4%0 °C to about 300

°C andIPASSsHEDF GG A TEISKPalto ﬁ@cﬁﬁ “reBo koat Bhiyst Strddac k4 ﬁgy then be directed
mat erial 45 may thus provi de flow characteristjc

to anothgrthepexchisust 4 pesiGench i sithirihe SXbS A% 0L ilrmjhféqﬁicrefomef 40to
further S Z’Q’:}SQ ?%t %CI%{'LH‘&I: bf &ﬁhtgggrgzﬁl%é 8EVM€§E’ flt‘gh ﬁreﬁh 9 nti)aﬁr then be

o I ncrease s ace area, turb I
directedl k@Wsteﬁl’ﬁ stieeatidnkdevice GSnwherein uthiy aféam64énxay befcoﬂnbmed with make-

f
up et B TR RGSAFERC: DAGRRR GO eI HOTS: R EEEy Gded by

secondR@bhrh $088a; e ﬁgydlé@ﬁatckﬁﬁb%dﬂie&‘é%rﬂepm@d and arranged
wthin tubes 4 rovide turbulent flow, and thus to

eksigaboshewn ImeEJtG 2an1s¢re¢><11nmg Iidat exchanges A7 Seeam) §) bagomes third

stream ?gbprgke?%tgy Flﬁ dgg g L) of%lbo Q%”[E ! E?C‘lﬁrﬁ? r°ér5;n|8 l?. é)’ressure of

about 1130kPd it Godud Q$F) E[?HWRH @lhﬁibieylt Eéaabcbrﬁéﬂt%o b efsctivily used as a source
desi gnati on Denstone from Norton Chem cal Product

of steam fpr ¥arims useschionghomi s indvstug) copwicxria M}ydt@ﬁﬁ?fp@é%f is situated. In
one enﬁ%h n? n%ostﬂgﬁlnlﬁtl? udtdY] g\rglog:' rﬂg&ﬁ”ﬁ as ® %acﬁE? Weafd ﬁgﬁ;ﬁa‘%upply.

I'n an ot ment , es 42
Cﬂﬁiamtmdnaeﬂtlsh@wmm BEiG. al préﬁdmemamgrepﬁdsaﬁaﬂwrsd)fcameﬁler
vel o] xitin di. efo 40 thro
embodjgo saat@&étan hzrocsﬁg%ﬂ% abberriner mhph f‘e?fmd%goq%symhem

gas pr dﬂh@ﬂé@ﬁf&r&? Hfr&r?geﬁfenﬁfrﬁqﬂi‘ angalheat fob @fe pradicBivs oBsesm.
hr oughout an i ndustri al
S1m11a:r to FIG 2, second stream 60 may be routed through heat exchanger 62, third
stream 70 may then routed through another heat exchanger 72 to transfer even more heat to
utility water stream 64, which may be a boiler feed water stream. Instead of a sensible heat
transfer mechanism as may be found in heat exchanger 62, heat exchanger 72 may be a latent
heat exchanger, a condensate heat exchanger, or the like. The non-condensed final steam 76

exiting exchanger 72 may still have sufficient heat content to be effectively used as a source of



conplex. In the enbodi nent depicted in FIG 2, second
stream 60 is shown directed to a heat exchanger 62
wob@resreporti on of the energy val ue of secondPGL/DEANG/039150
60 is transferred to a utili.ty stream 64 which may be
a boiler feed water strean1§ a tenperature of about
90 O0C to about 300 OC and pressure, of about 1,825 kPa
steam §QF VROV uses upughepkthe ipduptrial compplenin whichifie rehamenis situated. In
one enflc G R0 SO 765 RERL FEARE R Rart MRl Q0P Bty supply.
f Miotilarg ofrthe éexégn ddpictedeind@Gal Lindicatbs whs Eartdycted neagn Gtandard

“ Eventual ly, utilit tream 64 then be directed to

Daveg Ffutfi o issiient ih Al ASEm ol o e e g Hai pies ot 77,000

keg/hr 84 19700 lkg/h@ QFDigNS fPKe i HREES WP &protifedd R GE2 188 Mion BTU
stream 48. In doing so, at |least a portion of the heat

per hopr isfarensd Ble Beag omt sapisehwaodsteyningd todeyftane abayd 6R MW te 88 MW.

i fi-ed ref 0. ' I .sh i n..Fl s n

Other FRN Ak ERALIRE sihortbs! St aRIB M Auictiter B8

SWithaspeot tophetatoub rahgbast figtiehdreiipaiyaippeclinft rédiedimay, of

225 0C to_about 350 QC .and a pressure of about 1150
coursey s cqupbiged pith apy do s dinglf 1ok selgsted syaiagfeat content to

b ' ) ' . o

RS YRl R RSPl DR e Bl in g,
shouldrtefwdmestoodshativiatiatsechanges, aubstitmtibiog pndateratstns @awmhd 1O nisle without

o3 B e R B P SER Y BB s

schemati c representati on of another enbodi nent of the
systens and processes described herein in which the
conventional synthesis gas production reforner
arrangement in FIG 1 is altered for the production of
steam Simlar to FIG 2, second stream 60 may be
routed through heat exchanger 62, third stream 70 may
t hen routed through another heat exchanger 72 to
transfer even nore heat to utility water stream 64,
which may be a boiler feed water stream Instead of a
sensi bl e heat transfer nechanismas nay be found in
heat exchanger 62, heat exchanger 72 may be a | atent
heat exchanger, a condensate heat exchanger, or the

i ke. The non-condensed final steam 76 exiting
exchanger 72 may still have sufficient heat content to
be effectively used as a source of steam for various
uses throughout the industrial conmplex in which the
reformer is situated. In one enbodi nent, final stream
76 is used in whole or in part as facility steam
system supply. Mddeling of the design depicted in FIG
2, indicates was conducted using a standard "Davey

Ref ormer" consistent with the designs circa 1978. The
nodel ing indicates that 77,000 kg/hr to 113,000 kg/ hr
of 1,825 kPa steam at 275C nay be produced using a 291
mllion BTU per hour reformer. The heat input required
was determned to be from about 60 MNto 88 MN



O her sized reformers will have proportional outputs
wWth simlar rationed heat inputs. Wth respect to the
WO a00708826t anges set forth herein, any upper |iPET/US2006/039150

recited may, of course, be nmbi ned wi th any | ower

l[imt for selected sub-rangesS. Although the various

enbodi nents and their advantages have been descri bed
What W&, ClgBR 2| it shoul d be understood that various

cj_]angeg,pr&gpssgok%&{érgﬁl%,stéaﬁpc@hﬁrg;@| ons coul d be nade

w t hout "departing fromthe spirit "and scope of the

i @v entsupplyingsa st streach foye stdsn febdrlreni ng ¢l ai ms. What we

laimis: 1, A f i t
cofPrdie g LR en s s M IBO MR TS & st eam
has a e8P SGRARS of MAr B33 O Hgrbdtérst Stream conpri ses

essentially 100 wt. % water; has a tenperature of about
a presspgroiabgpt Yid8ddaror geeafreddur e of about 1150 IcPa or
: P .the first
at leaS%bE)ggsné }Ng%qﬁf @% gl ks? g‘?%nang& qg:ﬂéeg%nw\% é{;eglifnh t he steam
rehaeinethe ceapr fef@mea coafpaseres réfolnedr infet fid vl communication with a
cOo nication with reformer, outlet, and at |east. gne .
reform, Giich Fgh el G BHE SETRER e iceicb i WU BRigRHeR with the
reformePiét@he eIk LbutRRtnlihe refornmer outlet; and
wherein the at |east one tube is in thermal
cwhereini thatal taastitentube fiuimntheenal fcomimunsgadiamvitf fimpace of the steam
refo éi_i) heating at |east a portion of said first stream
thin said at | east one tubes to produce a second
S eaMmeRGnP ht $dab0a GosRH bRbdiy fEAGHehmAvRhidagmidht Bast one tubes to
tenperature of about 760 C or 8rea})ter and at a .
produgsydetesaind stiam qeuPaRe eiserfiadytlOP vdiieiteameat 4 igmperature of about 760
C or glQieFtt 3 s BRARAELE LR Bl drMicdtyr Bl Bl AT RATRI RRton of the
first steiain iy idemtivalito hesaoldcid aomntpositior afisdcondrstsaing andt | et  of

sal.d steamreformer. 2. T racess of. Claim1l erein

o teripaine SRk s rord S0 Sfes it sy SR taet

P2.0CesBhdfroddt¥ o0T1AiMe WhaYR thd & 188kt oNRBE thnp s Phralloy.

| east one tube conprises a plurality of tubes. 4. The

p¥-ocesEheyfroggsy obany picthe peans Cpimispwhesghiethe iahleast onp ébe comprises a

.packi material is dinmensioned and arranged with the
plurahg{oiiktgg%t one tube to provide a turbul ent fgl ow W t hin

the fiThd picesadh arfy. ofTtie 4booe €18inB] whkainnad  insth @ackimg material is

t he packing materi al includes convent.i onal L
dimensiomedD and arra%ged with the at least one tube to provide a turbulent flow within the first
stream.

5. The process of Claim 4, wherein the packing material includes conventional

reformer catalyst.

6. The process of Claims 4 to 5, wherein the packing material comprises particles of
an inert material.
7. The process of any one of Claims 4 to 6, wherein the packing material comprises

ceramic balls, cylinders, saddles, pellets, or a combination thereof.

8. The process of any one of Claims 4 to 7, wherein the packing material comprises
balls or pellets having a diameter of about 8§ mm to about 50 mm.

9. The process of any one of Claims 4 to 8, wherein the packing material comprises

natural stones, gravel, or a combination thereof.



reformer catalyst. 6. The process of Clains 4 to 5,
wherein the packing nmaterial conprises particles of an
WO p@rosizat erial. 7. The process of any one of EIHUS®06039150
to 6, wherein the packing nﬂeri al conprises ceramc
balls, cylinders, saddles, pellets, or a conbination

thereqf. 8. The_process of any.one of C ai 4 to 7, .
Wer ei%etmecqﬁaeﬁwgomtﬁ? ahyvs Tatpp PibsEsin g firgt sgreath commprises from

about (ﬁf&n}t.l"/g{osarﬁlg)g‘t’ b Yvtd, HeaWRkE caltfed an® am%eﬂ%&‘étof 38out 185° C or

g
process of any one of Clains 4to 8,
greatenvwhaost A3 A°Heapbe kiessyrerel EIS0 &lPa doatprit €0 ki ur al st ones,

ravel.. or a copbinatjon, t hereof.10. Th ocess _of . )

315" orenofist 06 2t b FoquiEr By, s el A Comprises from
about Z0OWRYd &i9sssifeervagout 0 wt. % to about 20 w. % free

wat er carried bg steam at a tenperature of about 185 C

o2 gr ehlieaoessapbty #3be ebeysd-laingy wheiginethe first pieamR pampgses about

510 15%99%&%%&%&.0?3- 11. The process of any of the above
al ns, erein the first stream conprises from about

23. W . Plegsrotezs sf fnyedf thablsove (2ims] hdepimibe S8stairean yombrises about

t he above. Cl ai s, wherein the first stream conprises
5 to abgpilt Wh7a fiee®atG o6 free water. 13. The process of any

of4, t herigbpMResd 8f MRy dMelChbbyeh@ldihG SWheleE#B first stream is at a
conprises about 5 to about 10 wt.%free water. 14. The

temperpiuoe esabouf 13C wfabbhicdMbéve C ains, wherein the first

eam, s at a tenperatuye about 185 .0C t o, about
sht,° 3 TheSprBbosd of FIPELEL HhSiartaBRe Waarip i fints B 1 o temperature
of abowhBDeMotaBeutf3sNSC. streamis a tenperature of about 450

C to about 550 QC. 16. The process of ,ang/ of the above
6ai nslbepresass Rf ameof the aboes Clawns. whegein 4he,fiest styeam §rat a pressure
ofabo&blqlﬂbflé&%)a DR4b6h ghout 4600 IcPa. 17. The process of
any of the above alns, wherein the first streamis
at7.a priesmoces of aapofithe bho® KRams,onlavein tth@ firkd sted2an isl8.a pressure

T cess, of f the above C ai ns, wherein the
Ofabo‘étggéﬁﬁf%lt? été%t@gﬂﬁd%ts essentially of superheated

Sfgeam Tﬂegﬁrol&% B 8586 1R attR¥ Olhinkd) SxIRRAN &h&lsBEIM. stream consists

wherein the second streamis at a tenperature of about

essentigp o upsrhebisdisted®® C and a pressure of 1150 kPa to
aﬁqut ﬂ?eogrolcggaof any of the above Claims, wherein the second stream is at a

temperature of about 760° C to about 900° C and a pressure of 1150 kPa to about 4600 kPa.

20.  The process of any of the above Claims, wherein the first stream is heated using
an exhaust gas from the steam reformer furnace prior to providing the first stream to the steam
reformer.

21.  The process of any of the above Claims, wherein the first stream is heated in the
steam reformer to produce the second stream at an efficiency of at least 80%.

22.  The process of any of the above Claims, further comprising the step of cooling
the second stream in a thermal heat exchanger to a temperature of about 200 °C to about 320° C
following removal of the second stream from the steam reformer.

23.  The process of Claim 22 wherein the second stream is cooled in the thermal heat
exchanger with boiler feed water.

24. A process for generating steam comprising:

1) supplying a first stream to a steam reformer,



20. The process of any of the above C ains, wherein
the first streamis heated using an exhaust gas from
wao b®7s5em ref orner furnace prior to provi di ngP€TES2006/039150
first streamto the steam rz%ormsr. 21. The process of
any of the above Cains, wherein the first streamis
heated in the steamreforner to produce the second
svhesaimthe ﬁ‘e‘ﬁﬁ stegam eqraprésps efseriiallyd98twigoogaterp. The
has a (REBGERT. BfRa Rl o RoLARAKD Ll al e, furt her comprt sing
T ol C00 ng the second streamin a thernal
apresslmeabfa&muhmﬁ@e{Patthboutdﬁﬁ@km ané of about 200 Cto
he second stream

hout | |
o eas{ ) BRBVLA e N ST I B4he 0 BFGEBLS of O ol m 22

VOB BINhE 2B P RIBIEn SR [oRMIsEsSa SFOIEY ihidt i @luld 8sHRknication with a
heat exchanger with boiler feed water. 24. A process

reformiep putigsnandad plugplisy eﬁmb@s)mramng@i be(twens appin/fing cenfmyngeation with

wh he f
the relh e QOSTRRE R0 o 6 weter: has &

t @AgemanUhext 9f1cl@1bg3ﬂiateﬁ§pls UGnéicauhd abnd¥d, with each of the plurality
pressure of about 1150 kPa to about 4600 kPa; and at

of mbp%gsproabim tigbulgpt Sowrwithia the fisyt Sepathe RaCKing: Waterigl ppmprising

ceramﬁfl}a d esraﬁﬂl@s H@ﬁe USRI £5R5 %rﬁﬁ%@ élS&sa mbination thereof
connunlcatlon reformer

havingDd thlﬁheteﬂndf abqait L& aln tty abbutt Shesmared avhesrig ehle inetesveen in thermal

and in f].ui catlon wth the reforner inlet and
comm‘t“i’%éat}oé‘f‘&t}i‘r%?“r%‘i eWPé’ilé‘?fﬂm%Fﬁ i nert packing materi al

@)d' NEHBLENE JeRN @M&ﬁgﬁ‘galwrst .@m RlthinN@id latTeabd ok tubes to
of 'tubes to provide a turbulent flow within the first
producsta sgaond stheanpearhprisingessantially 100 mpds sumghe@@ﬁlatﬁam g teyperature of
avout GH SO 3y BRCER,  BFLELR, L6 o008, Bl et
comp(ﬂhwmtof&ldlﬁﬂst araaboididdficattd ti@ntolahdsiedompobigioh Wb esoad etream; and
in_thermal comunication with a furnace of the steam
r @fibr n@movmg pidhiegondhgregm frem sud oublelafisaid S&aﬁsf&?%mer
f44 st g n#)ﬂ%'riﬂmﬁgbtgalﬁtco gﬁgh one tubes to produce
a“Second st ream conprT si ng essent Fal ly 100 wt. %
sm@@tﬁm@taecﬂirm sternatto aa tsempereabime whemiouhe 786t Giream comprises

t a pressure of 1150 kPa or greater such
essent?ahgﬁt()ﬁﬁ@ /ﬁB‘fa ul ar conposition of the first streamis

| dand ﬂeﬁ@lerahﬁe bhgbdR 189Ut BF oleRRPAR 4 pREsURE oS&AN U150 kPa or greater,
stream and (iii) renoving said second stream from

whereedt deagtationt 8@ vt §mpiiths fisd mireasnt ripdire fops of Ategiist em f or
p{n%gﬁ’lsc gne%,{in < A s{rgénrl] 9% the steam reformer to produce a second stream
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having a higher temperature than the first stream wherein the molecular composition of the first
stream is identical to the molecular composition of second stream; and

means for removing the second stream from an outlet of the steam reformer.

26. A steam reformer for producing steam comprising a reformer inlet in fluid
communication with a reformer outlet, and a plurality of tubes arranged between, and in fluid
communication with the reformer inlet and the reformer outlet;

wherein an inert packing material is dimensioned and arranged with each of the plurality
of tubes to provide a turbulent flow within the first stream, the packing material comprising
ceramic balls, cylinders, saddles, pellets, natural stones, natural gravel, or a combination thereof

having a diameters of about 8§ mm to about 50 mm; and



supplying a first streamto a steamreforner wherein
the first stream conprises essentially 100 wt. % wat er;
wha®7msenper at ure of about 185 C or greater aPdI/ES2006/039150
pressure of about 1150 kPa 0{ greater, wherein at
| east about 80 wt.% of the fi&st streamis in the form
of steam means for heating the first streamin the
stdigraie Bredubasiare g therawl eemmusisatiorgwith p dumaceeefitheystaam reformer.
hi gher tenperature than the first streamwherein the
nol ecul ar conposition of the first streamis identica
to the nol ecul ar conposition of second stream and
nmeans for renoving the second stream from an outl et of
the steamreforner. 26. A steamrefornmer for producing
steam conprising a refornmer inlet in fluid
communi cation with a reforner outlet, and a plurality
of tubes arranged between, and in fluid comuni cation
with the reformer inlet and the reformer outlet;
wherein an inert packing material is dinensioned and
arranged wth each of the plurality of tubes to
provide a turbulent flowwthin the first stream the
packi ng material conprising ceramc balls, cylinders,
saddl es, pellets, natural stones, natural gravel, or a
conbi nation thereof having a dianeters of about 8 mm
to about 50 mm andwherein the tubes are in thermnal
conmuni cation with a furnace of the steamreforner



