17 Nov9nber 2005 STEAM TO CARBON RATI O CONTRCL | N STEAM REFORM NG OF
HYDROCARBONS Fi el d of Invention This invention rel ates to1peichessesauns
apparatus for inproving process efficiency of 5 the steamreform ng of
hydr ocarbons (SRH ) net hod of hydrogen gas production. More particularly,
t he process inprovenents use a Coriolis flowreter to control the steamto
carbon ratio in SRH hydrogen gas production. Problem Hydrogen is an

i ncreasingly val uabl e conmmodity having many uses, such as coolant 10 in
el ectrical eqblprdhilO CudRB OO RIJACLCENBT BOHL 185 TEA REFEHMIINE OF

manuf acturing of commercially inp especi al l y anmoni a,
nmet hanol , oxo al cohol s and hydro’ggﬁ)ﬁgé(ﬂdﬁgﬁﬁ Hydr ogen demand is
increasing due to regulatory requi rmgt@lﬁ\t@lttmllspur t he devel opnent of

better performng and cleaner fuels. The prinmary method of producing
hydr ogen i n cormemceatiorguimts thinegheds sieapudbisrfef oo nigg ptodegpdeicanbpns

The process may perf or n hydrocarbon gasses or. |oqw octane
pet r 01S eurig SiELp F%fﬂ’élmﬂlﬁé“é?’%" S@Q%&‘m %g]ﬁé Oﬁﬁﬁ‘{jmg%@%&fP@“thoM%Whl gh
heat and r ut a
catal yst aﬁfﬁfaz}&gglﬁ é)%@?lrﬁlﬂ‘n\é‘%{lﬁ&?ﬁg%% @ngﬁ?ﬁﬁ%ﬁneré?t géﬁrﬁgﬁgg\gﬁ ho oot
ef fi ci entcasboanatén m&il&ﬂmsﬂcogsmgbb @edactcleel , ol ybdenum or pl ati num

facilitates the reaction. A low sul fur hydrocarbon feedstock is 20 needed
to avoi d poisoning the catal yst. SRH P&@blgn| known in the art and is

described I gyt Sy L UL e, M08 S PRl MgSlNSten s SISNR?

D. M | @®onsi dicbieical Gaalpnel, fasidoPsneesspl oil'eﬂﬁ)hnﬂ{d)ﬁ}th&ﬂ%éphﬁﬂﬁﬂkamnmﬁf awHi I I,
Inc., pp. 592-596 (1974), which are hereby incorporated by ref érence to

the samecexfentiahsimmnsaghprotadts, esperielht ammonis), hyﬂrae@leaxedlméﬁ}@ldnd 25

Hydr ogen uct i-on RH t.hod |nv | ves reactin rbon
Y et ook TR e ad R Al P TR e Pis G ErIREhLa A BrYat SR ory
of hydr ogailengsvel ekt B?bétﬁi@%%if@ﬁnﬁhb%ﬁﬂ%Ieraﬁerpfﬁ@l%eeds according to ideal
stoichiornetric equations for each type of hydrocarbon. A variety of

di f f erent readhk onsuocewtiodddperndicny uporeanhe chaedstitiokiantifeisrrsm
R C N S MR N e
certain RAF-Bti:hOfettQedth HaduMOMRLE fRcess conditions that typically involve hlgh heat and
pressure. Where the reformation process is performed without a catalyst, it is generally
known in the art as thermoforming. SRH is most efficient when a catalyst, such as nickel,
molybdenum or platinum, facilitates the reaction. A low sulfur hydrocarbon feedstock is
20 needed to avoid poisoning the catalyst. SRI is well known in the art and is described in a
varlety of publications, such as R.N. Shreve, Shreve's Chemical Process Industries,
McGraw-Hill, Inc., pp. 106-109 (1984); and D.M. Considine, Chemical and Process
Technology Encyclopedia, McGraw-Hill, Inc., pp. 592-596 (1974), which are hereby
incorporated by reference to the same extent as though their content is fully repeated herein.
25 Hydrogen gas production by the SRH method involves reacting a hydrocarbon
feedstock with steam. In general, hydrocarbon feedstocks contain a variety of hydrocarbons,
and the reaction chemisiry proceeds according to ideal stoichiometric equations for each
type of hydrocarbon. A variety of different reactions occur, depending upon the feedstock.
The most important reactions can be generally categorized as:
30 Al 'J:)ehydrogenation ot cyclohexanes to yield aromatic hydrocarbons;

B. Dehydrogenation of certain paraffing to vield aromatics;

1



1 17 Novenber 2005 C. Isonerization including the conversion of
straight-chain to branched chain carbon structures, suchiasicoehagedos

i sooctane; D. Reformation of nethane in natural gas to produce carbon

di oxi de and hydrogen; and 5 E. Reformation of naptha to yield synthetic
natural gas. A preferred manner of generating |arge quantities of hydrogen
is to use a natural gas feedstock that contains a |l arge portion of

nmet hane. The reaction proceeds as shown in Equation 1. (1) CH4+H O=> CO

+3H2, 10 where HZ%dlﬁerpzaﬁBmzem PHESSAL o@D n e BMeh LS 6 35ciRl c'h?xﬂCti on

S|n1IarIy oper ates on ot her gas ffactions in the feedstock for compl ete
deconpositbbebtrudtirearnuci eabotisensesoatardche hydr ocarbon i nto carbon d|0X|de
and hydrogen. For exanple, a further reaction including pro 3 in
t he hydrocar bbn fe%ﬁf@ﬂaetwb@%ee@a%c InEEERETAsg0 e dgE AETPER Gy d 6%1 (2) CBHR
+ 3H20 <io IlanJ 7112, where H20 is preferably present as steam More
generalpy thi$ overaII class of reaction proceeds as shown in Equation

(3):5 (3) C'H., , RefdlimatibAQfnapMEEd yreldWyaittio)obiralThe. f or egoi ng equat i ons
predict the reaction of |ighter hydrocarbons, especially, 20 nethane,

but ane and pﬁm@&ﬁ@ﬂdaeﬂmelngsweeweImbqap@§HK§G€Wy@§gﬁ@ﬁﬂﬁéseP@ﬂvre@a%nds
tend to,. rea ra d ace e above
cquat | oftgpe bk TRaEh Hed Beviobu mR PR A AT GRG Mub 5l

resul tapffiydrogen production. The equations dennnstrate a concept that

di fferent amounts of steamare required to conplete the reaction
depending upéh t h€H.eetisotkCOonpHsi ti on. For exanple, one nole 25 of

ne requires one pﬁ%ﬁ.of_g¥e§n1ln Equation (1), whereas one nole of
pro ne copsunes hicEe g ek V@Eﬁ?@ﬁ“é&ﬁgilon (2). In conmerci al
manuf acyfd g ﬁ&!akh& ) glfn il to PRES AL RhARAE 88051 RGKS QU8 FRUSmplete
conposi tions, these J er S I1npose a potentially significant materials
baIancedemm@kenmnThﬁnpﬂaﬂeSSwnﬁpﬂhewﬂmmmhen1m®npﬂumaheddbyn®hﬁhggﬁoﬁygen as
a reagent, which results in | ower steanlﬂgg L(P
example, a turther reaction inctuding propane (C3Hs) 1n the hydrocarbon feedstock proceeds
according to Equation (2):
15 (2)  CyHg + 3H.0 =>3CO + Il
wherc H.O 1s preferably present as steam.
More generally, this overall class of reaction proceeds as shown in Equation (3):
(3) CpHp + nH20 => 0CO +(m/2 + n)H;
The foregoing equations predict the reaction of lighter hydrocarbons, especially,

20  methane, butane and propane, as well as some liquids, such as naptha. Heavier ends tend to
react differently and, while some proceed according to the above Equation (3), other such
reactiens as isomertzation occut, also with resultant hydrogen production.

The equations demonstrate a concept that different amounts of steam are required to
complete the reaction, depending upon the feedstock composition. For example, one mole

25  of methane requires one mole of steam in Equation (1), whereas one mole of propane
consumes three moles of steam in Equation (2). In commercial manufacturing facilities that
operate upon feedstocks of various compositions, these differences umpose a potentially

significant materials balance problem. The process may be further complicated by using

oxygen as a reagent, which resulis in lower steam consumption.
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17 Novenber 2005 A wi de range of feedstocks can be utilized as the

hydr ocarbon feedstock in a SRI-| hydr ogen producti on unilt Nokiyrdbecaobons
such as natural gas, nethane, propane- butane and naphtha can be used as

t he hydrocarbon feedstock, either alone or in conbination. Econom cs and
the availability of particular hydrocarbon feedstocks may dictate the use
of 5 different hydrocarbon feedstocks fromone period to another. A
particul ar problemarises in petroleumrefineries because the SRH

feedst ock coupasd tangho Clondt@is lcyn bhanges!. asThehpyde.ocar edstbdenist e for a
hydr ogen production unit can cone from several sources within the

ref i ner ydepgan preRstigpbure dyEemPYBUTIEN 87 f’*?l@F’g S, UpRIANG BroBais Pubie and

part i cul abh £XANPLEL o8 (RS AWLES A BHOEAILAN L DELHRRLPe 10
refinery et gas system Nunerous process results contributée to the fuel
gas systesmdticsaddiinondilifienesttpahiciito tanhendon idh chdmabdidite dated dfn a
conbi ned streamto the hydrogen gas production unit. If one of the
contiibdﬂﬁﬁqﬂﬁgﬂﬁﬁéﬁwnﬁﬁékﬁgg%ﬁ@y@ﬂ@ﬁﬁ&ﬁé@éé@ébmis shut down or changes in
terns of output volune he conposi tion of~th el e put
changes. TheféﬂﬁﬁaaglPﬁbkgéﬁ§$%é&P%ﬁﬁ%%%F??%%E?%éﬁ?ﬁ%@%éiﬁzgﬁgﬁﬁgﬁg changes
in the SRHpodiRoREOELTSYCAMd! TRS hyd¥elibas rhaabek Riressdieocatodicavh Latte, i n
order to optimze process efficiencies and mnimze environnental

pol | ut i om cditie fronpsasmhtdiyce vpitlob Hametiocaceont Geed spumsasonsibuigelifipgat i onal

iti d b f eed K 1. hyd d i it. It
o B T ubREFSpGb1 Gl PECCUR: POrHRE ARy Bebr U AR PETERh Ha R 1 hydr ogen
Progyict LG kL gé‘s%%@tcﬁp%&&%ug BIROSI th AR Bhirfhe BAn aRIshoskterThese

measur enent ‘and Control problens reduce SRH process efficiencies while
i ncr eashdjnpsitatatiadreabiongwigol alay peldinaticd m prolbawd strparh tatictlivdnagen
approach to neasuring the h drocar%on feedstock in a h

S e ] %g{o en gas,
pr oduct BETPHAPIGIBT VESNGREIEE COMG DHiRS W;’H‘F@’c%‘%%fﬁ SYLERSIBERSHRI T AN
vol unet pic. fl Hﬂﬁ% £ ] ' ¥ ' : ti on
balance8%§85?3n1 C?S}ﬁgx$?%§¥§@ﬁ§¥@g%tgéa%ggﬁ%?%ggg%gﬁgﬂ v%%ﬁﬁﬁﬁﬁgﬁ%tric
met ers afiggencapabhecef inpealstadikngmaotitibh rapasunergrindirgptiuh gonn t(MASRHL he
conposition of the hydrocarbon feedstock changes or a substitute
hy dFoc aPBEEST @addionskeurk ag e, PresrareangU Y 5EC.dB PG [ BREP BUIFeFt o t he
hydr 0geDe gas i R1.A04EHI-00, Uit GRS aNgg,r amatical Iy within a given unit
of volunge, as can the réquire Arpiint T of 'steam t o conplete the reaction
For exanpl e, [tiBgetsch@enpbiodidm eondutaanmeaiurdthd Rapenal enepaitboprfessure, the

anount of steamrequired to react with a volune of propane is 3
hydrocarbon feedstock in a hydrogen production umt. It is a further problem to conirol the
ratio of steam to carbon in a hydrogen production unit based upon the composition of the

20 feedstock. These measurement and control problems reduce SRH process efficiencies while
increasing assoctated environmental pollution problems.

A traditional approach to measuring the hydrocarbon feedstock in a hydrogen gas

production unit involves measuring the hydrocarbon feedstock with a volumetric flowmeter.
While somewhat useful in addressing the reaction balance problem arising from combined

25 feedstocks, however, volumetric meters are incapable of providing a full measurement
solution. When the composition of the hydrocarbon feedstock changes or a substitute
hydrocarbon feedstock is used, the amount of carbon contributed to the hydrogen gas
production unit can change dramatically within a given unit of volume, as can the required

amount of steam to complete the reaction. For example, under identical conditions of

30 temperature and pressure, the amount of steam required to react with a volume of propane 18



17 Novenber 2005 approximately three tinmes greater than the anount of steam
required to react with the sanme volune of nethane. The pnpblogsmbsr 2005
exacer bated by real gas behavior where the lighter gasses tend to have

hi gher conpressibility factors. Another approach to nmeasuring the

hydr ocarbon feedstock is to determine the 5 conposition of the hydrocarbon
feedstock with a gas chromatograph. However a gas chromatograph cannot
provide real -time conposition data for a hydrocarbon feedstock. It is known
to use CappokintdRSiFcl HOWIRIRNS theh IBARLE! SBESach kiDL plabekith Ufapat i on
with respect to materials flowi ng through a pipeline as disclosed in U S.
Pat ent  Nelung ofauctgg®. i §eywdblcor 3 cEacegrmtechby el aps behafiog shagrtle ighit085 and
Re. 31,450 to J Ej SnHt 10 of Fe@rqar t11, 1982. These flowreters

typi cal | EGHSPT Sehdyedy PRI RIY SRS portion and a flowreter sensor
portion. Fl owsBbefr 15RB8H & NAWEHAR ey dFathdrl RUELRESs &f ddernfihE Blght or
curved configuration. Each fl owm ube configuration has a set of natural

vi br at i opomperies) ofvthe bhdmreyrbbe feddsack bl egdsehdingtostaph siloweter arcadli al  or
coupl ed type. Each flowmube . is driven to.oscillate at resonance in one of
{hese nat PR GSERIB AN PicT A S U AR ST OFS D et TBR T HED Br&taKg,
material fill r i i i of the

f | owt ubes andﬁ?%gMﬁ%§gf?%ﬁgaggkfﬂggﬁgﬂ?ﬁ%3%&ggg%ﬁﬁgﬁgﬁ$gFﬁngﬁgﬁ?hto t he

f 1 owret einforsemsonvifly @spa: comaectedlqripg timegloa pifedine ot disclokeeindf. 3. Fatent

fl ometer sensor. The material is then directed through the fl ow ubes and

exits th¥ofhddhdteissewhiedsl +yndhmt pbi afdanesries?eyendlhc tHetGue V ét S&iithe of

t he o] Sen 20\ i S ter] A t -

cor 81 oD Tt BF oazedp b dSleR AR ABhGA net RS SRR BBy 1,
subst ant @l 4 flowaRr sé@or phaRS. MewhBlee kddbrsfHawont bF sleghflotviided bomt ubes,
Coriolis accel erations cause points along the flowtubes to have a different

phase. THeighasewgad cheiigurhieen. sEerh ibfwinhe confosuretiar hasarssbpl 1adgsl vihwtigni ver
whil e the phase. ,on the putlet side of the flo ter s or. leads th

ari ver . 98 R et Dot BB oyrebr TR uaE R SRRk Taride or
produci ng dsivB &Pbdalatc 8 @ER S cE BPERSAMAL MR mbie. Mkianafvithgod | owt ubes
at different points along the fl omubes. A phase difference of the

si nuboi dabdsi grilad sibrduei wederal bited hetpickedbfised & wal kuthatcedibngdimss of
IR L T R R A T O R
f 1 owTet egenSRTRRK a cAnddtNOMBIRE! 02 8@3nlet side of the flowmeter sensor. The material is
then directed through the flowtubes and exits the flowmeter sensor to a pipeline connected
on the outlet side of the flowmeter sensor.
20 When there is no material flowing through a Coriolis flowmeter sensor, all points
along the flowtubes oscillate with a substantially identical phase. As material flows through
the flowtubes, Coriolis accelerations cause points along the flowtubes to have a ditferent
phase. The phase on the inlet side of the flowmeter sensor lags the driver, while the phase
on the outlet side of the flowmeter sensor leads the driver.
25 Coriolis flowmeter sensors typically include two pick-offs for producing sinusoidal
signals representative of the motion of the flowtubes at different points along the flowtubes.
A phase difference of the sinusoidal signals received from the pick-offs is calculated by the
flowmeter clectronics. The phase difference between the pick-off signals is proportional to

the mass flowrate of the material flowing through the flowmeter sensor.




Coriolis flow neasurenent systens have not been adapted for use in SRH
processes, in part, because they fundanentally neasure nmhsslovasba@idsed to
t he conventional volunetric systens. Additionally, it has not been
under st ood how mass flow neters could be adapted to neasure or estinate
the mass attributable to fractional conponents of the 5 conbi ned

feedst ocks. Solution The above and other problens are solved and an
advance in the art is made by adapting Coriolis flowreters for use

measuri ng t heChydiolawbonsheedst egkerof have iI8Rbterhydiprgdnt gasn SHibdwetison
unit. The use of Coriolis mass flowreters, as dESCJi bﬁg herehnb, | ow,

resul ts PP P9 uiolhey JurlrsnslnarsHEs PassafidiesF 10 e Y d 8% bon

feedst ock 1%%%%&?&%%. tﬁpﬁl@tidl #E’eirt Lt L&Y uReVEBL ek g RIEmB e Fblher
the use of a rrolis erfect Sss tlowrete r allows for increased control
of the chbes hoptdido steaameroatestimhie thy drasgetirilgashiptofindionehconhpongened die t er ns,
the netering system and nethod provided in accordance with the present

i nst rumertiBPingd fpgdogides a nass flowneter, such as a Coriolis mass
flowreter, to 15 nmeasure the mass or masg fJ.ow rate of the hydrocarbon
feedstock delivered to a hydrogen gas pr oduction unit. The nass flowate
of the hydrocanbartaedsteekrdbserhda stisedatdarcaiane in thhet Stheamby adaganhon
ratio in SRH hydrogen gas production. One such enbodi nent of a nass

f 1 owet eFogyist Bevaisiaps leeescampysrioedhp drdrorebes tisedstoslipl /SR By hslipgsnyaasg a
hydr ocar bon feedst.o to t hydr ogen -gas. pr.oducti o [

supply igmﬁg‘é%’“t%” tSU Vesggg:aorﬁ{)?% He Vﬂegegrg’nd%p&r(’g%ﬁl}gt% ?15:?1&{12%/{’2 e’ngg\S UZ&%? S
f1 owet efokSaconaleabldiyaif0 AL plet iR aAfasicbR hchards i Glansyfpinittet OF
measuring a hydrocarbon mass flowrate therein and for producing a

hydr ocar bowchitiowl svateerss ifgnhkr, theape o e fbiinks efifkct Rypds dewmsisnalipysdorngrasedt e,
A second roYvirDrg egr i S operably conpected to the steam supply for neasuring

a st eam FIOW cahguip e Heh YOS REMY YO Pht e si gnal ~ 25

representing fhe.steamnt! QW Eateng &-EANLEPhkehd o ARl Al Roddancd @Eieihel Ng
t he hydrocarbon flow rate signal” dand the steamflow rate signal. The

cont r ol | presdrasmsprognantienstasuohasriowoeter, cost 200 Fongliamast ilovotter e .
hyd oar bon, [ocdst ook and the et sam Celiersd ko,he. pydiogen. paedet on
used in %ﬂq)ré&chm LRE TR SYBRL Yk R A6 e QWRERRES UsenbD t he
st eam suppl’y 1 ne conprising 17 Novenber 2005
the steam to carbon ratio in SRH hydrogen gas production.
One such embodiment of a mass flowmeter system comprises a hydrocarbon
feedstock supply for supplying a hydrocarbon feedstock to the hydrogen gas production
20 system. A steam supply is used to supply steamn to the hydrogen production system. A mass
flowmeter is operably connected to the hydrocarbon feedstock supply for measuring a
hydrocarbon mass flow rate therein and for producing a hydrocarbon flow rate signal
representing the hydrocarbon mass flow rate. A second flowmeter is operably connected to
the steam supply for measuring a steam flow rate and for producing a steam flow rate signal
25  representing the steam flow rate. A controller is operable for receiving the hydrocarbon flow
rate signal and the steam flow rate signal. The controller has program instructions for
controlling a ratio of the hydrocarbon feedstock and the steam delivered to the hydrogen
production system.

Preferred embodiments include one or both of the mass flowmeter used in the

30 hydrocarbon supply line and the second flowmeter used in the steam supply line comprising



Coriolis mass floweters. These instrunentalities may be used to particul ar
advant age where the hydrocarbon feedstock conprises a m x¥ Woeewber 2005
hydr ocar bon gasses, or hydrocarbons materials having a different
conposition over a period of tinme. Overall accuracy of the systemis

i nproved by the use of a correlation to determne the carbon 5 content in
t he hydrocarbon feedstock. Accuracy is further enhanced by neasuring a
physi cal paraneter of the hydrocarbon feedstock, such as density or gas
gravity, FBH fi?ﬁfagihg&'ﬁletclr@elﬁé%rill L%B{&%lilés MR hRdisel (PpenalhNgval8ge

previ ously described system i ncl uéles, or exanple, neasuring a nmass flow
rate of ahbydheaadbomnvhecddtiock caabiiveraditoethbytpdibgemad®s product i on
system and provi de a hydrocarbon nmass flow rate neasurenent, neasuring a
second f hslosabensopaisrialmaveia/d fagng ‘6017(1113@1*?8[6‘?‘6@@@659@5’28{?%rp‘éfﬁé{ emto
provi de a_steam..f|ow rate neasur I 1, t 3 he
hydr ocar on- Cgé)ég%eo@/ﬁteénnﬁ l%nllftraw:e%i g&%@h%ﬁ &\32%02 i%tgﬂl’% Héﬂaﬁiy %@%C%&]g uci ng

syst em basgehiupai §heohystioraddeik. massirddyoniurice eniii@asiib g meaturact t he st eam
flow rate neasurenent. The nmeasurenents may be nmade 15 cont enporaneously

Wit h conplisicadperaticams thedysdpaasitont fired steak FdfasclgpBboTaEd Baanio fpditate
measuring ste ﬁgmay even be repeated in real tinme while the controller is
maki ng jUECHERt's to the respective flow rates. The netering system and

met hod provi ded kihoacFepaanse m fbvibhgy BERSBBY sydtdas indhieRt flrickhaplchay
utilize a CPUIn the formof neter electronics, a controller or any other

20 conputnatsuringla dessi ey ravhd Chhpperabes fasdsiacks lgnaled ioghe Sedoeey t he

hydr gcar b_og mass fl ow ﬁasure nt. and cont L;L”S a_val ve or of her device
capafl e BRIREHT DB EHEPIRYUWE IR RIS ALV FAT HF T ECRR: GEaiPRYE “car bon
to steamd.ghi Aowlik (ﬁoﬁgﬂgﬁai%}@é td \é'hcizgrcfftﬁ@ﬂ{ pRIBRLHS Syt S 36 provh @RSk O
control a valve or other device capablé of nodifying the steamfl ow

accor di nflotvaatehecasdesidnedoaaciioy thoambasamt tiat hyalro e rCeedgbilsanvetss steam

flowreter netering systemis particularly 25 advantagepus whep a hydrogen
gas prodf@tvcss Qe hydags groduios Rede Sptdenoditks @%ﬁgafg%@él%ﬁo“’ ratt

hydr Ocarzg@ﬂsufrgﬁgrﬁta% Ko &Ezu{&s%@& Pﬁ?@mhé{s%ﬁzgﬁé{t.bqlﬂe [ ELdSLRCKE IH%Y Hogifbd ed
on t pect's of the

hydr ocar conposition. ects o I'nvention In accordance with the
di scisssi emtabpyaned’py Witk eb@sgdpensibny mentj@lt ilid eso béeerbbhend 3@afmolThewi ng
aspects. mgasji-l?ringos\t/e%gbngy 62\1'21? %c repeated in real time while the controller 1s making
adjustnients to the respective flow rates.
The metering system and method provided in accordance with the present
instrumentalitics may utilize a CPU in the form of meter electronics, a controiler or any other
20 .computational device, which operates on a signal representing the hydrocarbon mass flow
measurement and controls a valve or other device capable of modifying the hydrocarbon flow
according to the desired carbon to steamn ratio. The computational device may also use these
signals to control a valve or other device capable of modifying the steam flow according to the
desired carbon to steam ratio. The Coriolis mass flowmeter metering system is particularly
25  advantageous when a hydrogen gas production unit readily switches between different types of
hydrocarbon feedstocks or receives hydrocarbon feedstocks of modified hydrocarbon
cOmposition.
Aspects of the Invention

In accordance with the discussion above, the disclosed instrumentalities have the

30 following aspects.

)



One aspect of the invention involves a flow netering systemfor use in
controlling a reformation reaction in a hydrogen product iipnosysbemngoisai d
flow metering system conprising: a first flownmeter configured to neasure
a mass flow rate of a hydrocarbon feedstock 5 from a hydrocarbon feedstock
supply and to prOcipea ofiytdriacaitRanntdIQW o @lensieinglsysttaRhESENh 'c@lgfoﬁﬂﬁéja
mass flow rafe of said hydrocarbon feedstock; a second fl owreter

confi gur ed "tMRBAYcACLIPTfIN gydErssn prodsicéemsbicomsad dtowameupplsysterand t o
produce a i, qrilsifn%_ow rate signal representing said flowrate of said steam
and a controll'er configured to receive said hydrocarbon flow rate signal

and sai d steam alfrst flowne@t eorsiggnal to rh@sire GehMe iR At MBL At SRR &RRLENt
factor, _.said estimated carbon content factor being based on at |east one

potenti Al JBWSEN¥IORID Iesdrtaciyimpbcardiomddseeis badiecarbon flpnugesienshi d mass
flow rate olneahflfyi AL RGN AERIShATkaRRELRdaGish] Mt ed carbon content

factor to determne an estimted car con sdi d hydrocar bon

feedstock, to meceindleavnarbandignralteanaasat b dlofomatesai sthany H6GeRcad Qs | on
system and 15 estimated carbon content of said ’

rQcess sai
hydr ocar bo rzlm‘ﬁ g’e‘%é’?‘b‘fc?l& SIS 4OM 1Bl Yeraereareseding saideny rainal wud geam: and
car bon-t o- st eamylcahtr @k Qo ré(i),{o I%Ecik-’@?sﬁ’& h Sca?ﬁoéﬂ{)\g r{:(tle%gpﬁ a s%{d S?(?alng
eedst ock. efera

steam and said flow rate of said hydrocarbon y, said
esti mal®d farvels scomt. énteckivetaoresiimated sation nomenrasgon baid astamed osrbos abdemt

| east one pa%ttog%ti alt{a(F:o stituent of sai hg/dr ocarjjoon f eedst ock, 20

Preferably, Said €s L 1TRE BBnPUEHAL AeTSHRChOR! s Inskerarnm gedrinsk. of

car bon for praisdalmS @y ARCPHERId-RariRANSldtueha kiahAkl@lybgn a total
mass of said at |east one potential™ constituent. Preferably, sai

cont r ol | er “9eld datprgadeigrmune apaistnpted ador soitnet @ dacldnboradentfentstdRobor
froma range.o n content. factors for 25 said hydrocarbon feedstock.
Pr ef er abl y%%(élggea%grg)? ?E%u% {e?3 mcr(?iﬁ1 o f’@b({r%pgmgef’Q&ddltctl%wﬁ?‘?né’e”éﬁéo B?Oéﬂgtséﬁm ned
const aift  esaimieed @ibdadodtcat of £a% hy @BearPe! RBEJGL, SARToW MENSF Qfd $@&nf and
hydr ocar bon . f eedst ock. Preferabl %; ]Ssal d controller is configured to:

R

process me FRBOTH RO eEs retngi conbakatidenst ongradeidtiivey B¢ O hiiestodor sad ghid

oot e o0 030 FeLPRSRALER RG0S Ty, sald [Tt Tometer

conpri ses a CorFreldrsblymaai] dstiow®t @Fbon content factor is based on a mass of carbon for
said at least one potential constituent of said hydrocarbon feedstock.

20 Preferably, said estimated carbon content factor is based on a mass of carbon for
said at least one potential constituent in relation to a total mass of said at least one potential
constituent.

Preferably, said controller is configured to:
select said estimated carbon content factor from a range of carbon content factors for
25 said hydrocarbon feedstock.
Preferably, said estimated carbon content factor comprises a predetermined constant
value for said at least one potential constituent of said hydrocarbon feedstock.
Preferably, said controller is configured 1o:
process measured process conditions te improve the estimate of said estimated
30 carbon content factor.
Preferably, said first flowmeter comprises a Coriolis mass flowmeter.

Preferably, said second flowmeter comprises a Coriolis mass flowmeter.

Preferably, said hydrogen production system that comprises a Steam Reformation of

Hydrogen system.



Preferably, said hydrogen production systemthat conprises a Steam

Ref ormati on of Hydrogen system 7 17 Novenber 2005 Pref enabloygmbed200st
val ve coupled to said controller and configured to control flow of said
hydr ocar bon feedstock responsive to instructions fromsaid controller; and

a second val ve %@ﬁhﬂﬂk‘,taq}rﬁla\izﬂivcc&ﬂ%fegltb f@aﬁd %Hﬂrcﬁ%?fah@!:'(‘irgfﬂ%ug@ tsgeifr‘r]@{%% gw of

said steamresponsive to instructions fromsaid contr
aspect of tshel nvenatticorde¢dswk vepoasinetohognatioopoat sainbcaatrhllawamet er i ng

Syatem  sai d mernSHEahEY TP tHedSPEpIs A B GoReBlt PO at e of
a hydr ocar besanf eesiskReko deliuvene drdnPsadbshifydr.ogen  production systemto
provi de_a hydrocarbon nmass flow rate nmeasurenent; 10 neasuring a flow rate

of steam del i ver't¥thes aspict ohipd ipgetiopinyalict i ortisystiapetading pribwi deteaingt eam
flowrate r c qt.dent i-fyi an estinmated carbon content factor ai d
bt g CLpBrERb b El kel it ACA3 WP o £3 PR0uOR s, Bl Phghod

const i t uentcooiprisiai dhdyelfsafar bon feedst ock; processing said nass flow rate
of said hydrocarbon feedstock and said estimated 15 carbon content factor
to deternine an TeSFIHRE BRI BB Fate sht BrdrogfrbemfegdHgely ddvetsdrio s#id dudrogen ;

identifying, 6850049 r.aL r I.dshydr n.production system
and pr oce%gi ng sai%g esﬁsérrg'?{eag aglé{lp 08%1%88%?Jégpoééﬁafégﬁgasﬁgleg}eggar bon

f eedst 6¢k, sai d ridaswing aflewodte 9akdarsidemre@itsaiibh@ir6 giRbdidos seamhnat i o to
control at Iea(z% one Z{Q said flow rate of 20 said steamand said flow rate

of said hy8FOeHr bIFAR AedstlReaspiIBEabl y, said estimated carbon content
factor is based;iQmififBsS. i.dat,: I al,
actor 1s based @ iflRse Qﬁ%%ﬁd' ?agg%ﬁ afnifi(n_% @a‘g?oragalél ﬁ)ﬁéat@d"gaé&gé ?cﬂﬁén?'é cftor

constituent of said "hydrocar stoc efera sal I ma
car bon conbeing bhsadtaratils:sbasgeioniabhcomasmicof ofGakliodrdarbonsasditaat; | east one

potential constituent in.relation to a total mass of said at | east one
potential 25 CBB%LF?S{%%EJ MBFSHBY HHf gﬁ,a S%%fi‘?%‘?% Pfieé%ﬂ?“i Pyl 3y esHeEdi nat ed

car boni£ont£8bn tHALATGOMRdcteRide!® SlifRRlcarRRIBARIhDGE S 1l fsLidTat ed
carbon content factor froma range of carbon content factors
feedstock;
identifying a carbon-to-steam ratio for said hydrogen production system; and
processing said estimated carbon content of said hydrocarbon feedstock, said flow
rate of said stcam, and said carbon-to-steam ratio to control at least one of said flow rate of’
20 said steam and said flow rate of said hydrocarbon feedstock.
Preferably, said estimated carbon content factor is based on a mass of carbon for
said at least one potential constituent of said hydrocarbon feedstock.
Preferably, said estimated carbon content factor is based on a mass of carbon for
said at least one potential constituent in relation to a total mass of said at least one potential
25  constituent.
Preferably, the step of identifving an estimated carbon content factor comprises the
step of:
selecting said estimated carbon content factor from a range of carbon content factors
for said hydrocarbon feedstock.
30 Preferably, said estimated carbon content factor comprises a predetermined constant
value for said at [east one potential constituent of said hydrocarbon feedstock.
Preferably, processing measured process conditions to improve the estimate of said

estimated carbon content factor.



for said hydrocarbon feedstock. 30 Preferably, said estimated carbon
content factor conprises a predeterm ned constant val ue fDpNos@nhderad00obeast
one potential constituent of said hydrocarbon feedstock. Preferably,
processi ng nmeasured process conditions to inprove the estinmate of said

estimated car borprgAbaNthd &) Of meudidy NewSaRek 2005 1 Ry afeLdBh YeedtBex St ep of
nmeasuring a nass flow rate of a hydrocarbon feedstock™ conprises the step

of : measur iCAEPEEEsdhaeles ofl ow rate of said hydrocarbon feedstock using a
Coriolis mass f el or ef er abl .the,step o asurin f.lowrate
of steam conpri s éegi%]g’ bsailde%ag‘cf &G“ ﬁ@%gﬁ%ﬁngy"sr%a&&f’} %ﬁﬁﬁ%@eﬂ%&égf’ﬂmﬁ’gﬁ?ﬁ

usi ng a Cofficelnegermass fl owreter. Preferably, said hydrogen production

system gonpri ses a Steam Reformation of Hydrogen system Preferably,
control Ping fl olWrgerably thayen ¢ldusaswinng edastracie! gspmgomprisesthegigpwd;  and 10

controlling fl OWw%%ng\ﬁ/ﬁ;i diShe@MHTh 04y e fav (%]rY(ﬁis.n%sisg‘{ow%eacri ption of

the Drawi ngs The a and ot her advantages isTinvention <F‘ﬁay be nore
readi | y under st Goderaiyosaid hyémdemgrodictidnesyBemaionadisBes Stéapt REBrmhdlion of

conj unctioz \ﬁnth the followwng drawings: FIG 1 illustrates a Coriolis
f1 owret er SHHEWFDS¥UCH] ectronics: 15 FIG 2 illustrates a Coriolis

fl owreter systemeaKiydbodrdin ﬁ&%ﬁ?ﬂdﬁ Qér%ﬁfeedﬁﬁ&mstiﬁ%%%Q~£1'ﬁr§; nd
flowmeter to control "controlling the carbon to steamrati®o in a hydrogen
product®? on syst emsralinmfloa dipddotamboing eedstdelye Fig. 3 is a schematic

di agram of process control in tr'ilﬁi ons _ for lﬂse in,a controller governing
operation of the system shownBrift Begeriptionoftho Brawingsy nr ovi des a

| ati | qfqd ' U [ gh
correl ation rel ahi e SRR BOMEARL of B A RnAUB AIROIDIEEN AlerIfic0

t
of a hydrocarbon feedstock. Detailed Description Pre I ments of
t he presentPdmvesadingminid Detaded Bescdipton itbeajumstien fithlthe fdilemennafabdargswi t h

appr eci at e that e TIVERH Shofal BEEkisbaron 7 SRR orent forms and
shoul disot be FIG. 2 illustrates a Coriolis flowmeter system providing a preferred embodiment
using a Coriolis flowmeter to contro controlling the carbon to steam ratio in a hydrogen
production systems using a hydrocarbon feedstock;
Fig. 3 is a schematic diagram of process control instructions for use in a controller
goverming operation of the system shown in Fig. 2; and
20 Fig. 4 provides a correlation relating a carbon content factor 1o average molecular
weight of a hydrocarbon feedstock.
Detailed Description
Preferred embodiments of the present invention will now be described more fully
hereinafter with reference to the accompanying drawings. Those skilled in the art will
25  appreciate that the invention may be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the drawings, like numbers refer to like
elements throughout.
30 Figure 1 shows an exemplary Coriolis flowmeter 5 comprising a Coriolis flowmeter

sensor 10 and a Coriolis flowmeter electronics 20. Flowmeter electronics 20 are connected



construed as limted to the enbodi ments set forth herein; rather, these
enbodi nents are provided so that this disclosure will be1yherewgbr 2008
conplete, and will fully convey the scope of the invention to those
skilled in the art. In the drawings, |ike nunbers refer to like elenments

t hroughout. 30 Figure | shows an exenplary Coriolis flowneter 5 conprising
a Coriolis flowmreter sensor 10 and a Coriolis flowrete r el ectronics 20.
Fl omet er el ectronics 20 are connected 9 17 Novenber 2005 to fl owneter
sensor 1@ fkivanpat feoi@0! ¢ viaguovi @etof e vidx dmpdxein phe)tbunost Hrinndd tedddrgjtydensi ty,
nass fIOM/rabg, volune flow rate and to aIizgd nafs flom1inf0éggtion over
pat h 26. 1A Rgr Fale-yodime Smveiats did Hlakved Ma L0 warogRrEOE P EuPaBrer ¢

provi di ! en, - LeNased o , 0
o on of oy e gy Ra B oriBfs RULANASE frov: fhe BAPRL S hom Mt

fl anges Hdduranded Qds cxammieffodd MR2o Rhtionfdf BsuitresCdiodloand 103B. Connect ed
to fl omt ubes 103A and 103B are driver 104 and i ck-of f sensors 105 and

105',5 and t enpleradirrecagisidrindodes ppaieel Harass 106 anhd0 tomavdellvd? ag define
the axi syl and. Y about oAl e cach Lpaube R0l LLAIES: INRD.S |t e
sensor 10°1s rnserted into a pipellne systém (hot shown I n Frg. 1 10

whi ch cagitl-e8 seherPlOT 86 (08t &id @inpeRddreistnddeil 09 Beaswaed,osmtianicalerant er s
fl owreter sensor 10 through flange 101, passes through manifold 102 where
t he mat dpidgfing Hiedixisedt @l VO abmiterhich easlutliegba ogallaied 103B, fl ows t hrough

f1 owmt ubes 10 103 d back int ifold, 102 f dt.exit
{1 owroter senGUEn L6 EHYHIGH T GHod 108 TR Gk UBES 1A A LB A &)

sel e¢t ed, ROA cAPRE RV Bt &L YndButed i Qeih b e cABBEd QhfleriAiRndP21180mR R sEnddave
substantially the same nmass distribution, nonments of inertia and elastic

modul es dhboughdhdipn 0 hxessepthibapld manifold, 1 eshaetthembiernalliselititodvto betst

103A- 103 xte ou rdly fromt manj fold in essentiall ar. el

f ashi on.f?qu‘Bﬁf%Ugg‘ a@ﬁ%i@%f_@r%gp%m kP e PR sbaitd ghibi 0_1“5

di rect 1 ond phethtdieblis NERARKLI LR PIDUNARNES N @D A and at what 1s
termed the Tirst out o% phase bending 20 %Dde of the flowreter. Driver 104

may conpri se lEnywtdre 103 Anmady 0dBldre kadowsd and gpgementls mautd tashanmradnigt

nounted to fl owt ube 103A and an opposing,coil_nnunted to. fl.omube 103B and
thr ddgh WRiseHs St BPRADIHG B6rrB8RMass TpHESRT B M BTt PHYe ot frastc
flowt Ubgﬁ%cal.@bsszwghﬁl%n%irgr é%eg ﬁ"—\ﬂ“a%'d WEAPRL VDY, FLQWMIRHEs8bsEL{ @ cs 20,

via |l ea drivet
extend outwardly from the manifold in an essentially paraliel fashion.

Flowtubes 103A-103B are driven by driver 104 in opposite directions about their
respective bending axes W and W’ and at what is termed the first out of phase bending

20 mode of the flowmeter. Driver 104 may comprise any one of many well known
arrangements, such as a magnet mounted to flowtube 103A and an opposing coil mounted to
flowtube 103B and through which an altemating cutrent is passed for vibrating both
flowtubes. A suitable drive signal is applied by flowmeter electronics 20, via lead 110, to
driver 104.

25 Pick-off sensors 105 and 105" are affixed to at least one of flowtubes 103A and 1038
on opposing ends of the flowtube to measure oscillation of the flowtubes. As flowtubes
103A-1038 vibrate, pick-off sensors 105-105' generate a first and a second pick-off signal.
The first and second pick-off signals are applied to leads {11 and 111"

Temperature sensor 107 is affixed to at least one of flowtubes 103A and 1038,

30 Temperature sensor 107 measures the temperature of the flowtube in order to modify

10



25 Pick-off sensors 105 and 105" are affixed to at |east one of flowt ubes
103A and 103B on opposing ends of the flowtube to neasur&7 Nseerhbextd006 of
the fl omt ubes. As flowtubes 103A-103B vibrate, pick-off sensors 105-105
generate a first and a second pick-off signal. The first and second

pi ck-off signals are applied to leads | 1 1 and 11 1'. Tenperature sensor
107 is affixed to at | east one of flowtubes 103A and 103B. 30 Tenperature
sensor 107 neasures the tenperature of _t | owt ube in order to.nodify 10
7 NoverBe 3008 B i BHE R ois Mt Bnpeiiadar e theafhs ShrtpaP 115
carries i S m .t ature sensor 107 to fl owreter

el ectrorﬁ%dgga%g#—P%&w@?g?h}vfgg@&oﬂ%%@%@%cei ve the first and second

pi ck-of f si giadwemaepeatirgcolD rdeeadshed fidst amblsdcobd Wckesgpeighily eppearifg ownet er
el ectronics 20 processes the first and second 5 pick-off %{{%tnal S todcorrpute
the nmasdeadsdw pid b1 imapegbvayt flovgneist e PR epet Pipceret e i P8i°passi ng

i
t hrough £ 1, owae: ens t L.nfor ' ' i edhahyiamet er
el ot rofi e 0B R B Sl B T PR G LR A BB e et

| n acconpdangethwidsh fRresast deysqr el eThiedompsted uneniatidr iseppliarbyuseteof t he
foregoin Coriolis flowreter 5, there will now be shown a nmass flowneter
syst em felactigries Phoudy pedni ©l 4 MHiraiopaiwppEtItshoveatti%h)i n a hydrogen
production system, The system j.ncl ude - e o ply for
supplying a %’g/a?c&dé?b%ﬁq%@éﬁﬁs" g% Ei#gm?%lgsﬁglérglﬁ)%gﬁ&b%? SE u(g !%2&5?@[{%”1 A

st eam SURPioYis K18 wlefdrl RitlYe WHEHoW Ve sBbRAM MR Yviheer Sipiph Yirnge §f eam to the
hydrogen production system A mass flowreter is operablaﬁ connected to the
hydi @carcbomolfieedstforhatswppigfiondn arhydsgen mgoduchpd spieapbdnenadenisdyiesdt e of

the 15 hydrocarbgn feedstock, as the hydrocar.bon.feedst.o i lied to
NGt R i sy S S VR A o
produci {}Bgocﬁlcﬁéﬁ%)%%.b rbtéahpé’ﬁprpﬁ]?% s%hgﬁﬁ):r usedeBf @t%@rﬂfjshl?%ytfbﬁsuwgi@cﬁémn nass

flowra A second fl owneter i's operably connecte t he steam supply

for neaswtlichydeagst parutlionsysate Andaisslopertablseorfcobpeadgeicdép dest eam f 1 ow
rate signal r_egr%senti nthhe steamflow rate. A cont éol | ey ifst,1 operabl e for
recei vi RYIWsEOBFeHerk SRy RO RY YT B APBIACHPER AT HOLigRA "hd the steam

floygra L el thd | Al@pAfkdtiDitse Bafdodnprentival a

rat:f\% ow’?[ﬁ}e&ﬂ%?85%?%%’%g}%éelgs%%%%%%ﬁﬁggﬁ%%%tsgg@n&élepi ve}rﬂ%él@% o()[_)t he hydr ogen
pr oduct isgnesy $he masFflGy 12etisisapschénat pooditagramdraprieseiiew nge filgow net eri ng
system 200. A Coriolis effect nmnmss flowreter f is install %gl n | itnft 202
connect FFYCIFydRDESMEETPROeR $0458 oo & 281 H{ gvmeter 1s operably connected to

the steam supply for measuring a steamn flow rate and is operable for producing a steam flow
rate signal representing the steam flow rate. A controller is operable for receiving data
20  including the hydrocarbon flow rate signal and the steam flow rate signal. Program
instructions operate on this data to control a ratio of the hydrocarbon feedstock and the
steam delivered to the hydrogen prodlzction system.
FIG. 2 is a schematic diagram representing flow metening sysi:em 200. A Coriolis effect
mass flowmeter 5 is installed in line 202 connecting hydrocarbon feedstock source 204 with

reformer 206. The Coriolis effect mass flowmeter 5 performs real time measurements on

[N
h

materials flowing through line 202, and produces signals representing these measurements.
These measurcments preferably but optionally include mass flow rate, mass totalization,
temperature, pressure, and density. As used hereinafter, the terms “mass flow rate
measurement” and “flow rate measurement,” unless specified otherwise, are defined to include

30 actual flow rale measurements, as well as any measurements or calculations that derive from

11




25 refornmer 206. The Coriolis effect mass flowreter 5 perforns real tine
measurenments on materials flow ng through |ine 202, and propdusesbst 2o S
representing these nmeasurenents. These neasurenents preferably but
optionally include mass flow rate, nmass totalization, tenperature,
pressure, and density. As used hereinafter, the terns "nmass flow rate
measurenent” and "flow rate neasurenent,"” unless specified otherw se, are
defined to include 30 actual flow rate nmeasurenents, as well as any
measur eniaw sat@fingalieteatsi amss tfbﬁéx%dﬁlﬁie vecdlq0mic oflvbLivhavie ter raB0@&ivieh ow
rate I TICaSUrenrents. Thus, for exa a calculation of volunieftic
f1ow rat@vHerg yashyiowdi i drgsHy mgf tlFoRe ﬂatlfe%ﬂlwd@ﬁﬁswﬂimw@uwopaﬁ ofdhise a
mass f| Oc!%fr natlon \{1\4: j[w Iu %&%Fitﬁg&ﬁ) Zatl on éem?ed by, T Pgeom fnggﬁa% PO VT e ovcrl_ﬂgle The

totaliz derive 'ng~ Mass OW rare ‘over

hydr ocar e dgedst-eddo SURPhY ?%Q%oﬁﬁﬂ{ﬁinﬁl%y@@éqﬂw)ﬁ b@@(ﬁﬁmau@ﬁ oomRbAfidRn of
hydrocarbons 5 that that can be subjected to reformation processing in the
r ef orf- nethaXpat cafie subpreive to @ aEiongrefessiap Iuytha refonvemtitondie rh@dm@g%% is
processin it or syste f.the type that er at.es natu as or a
Pei + ner yPHEGBIDLY rhend 6 yBnb Bisraey B gt B STan «ddbe Mot Ehofafienon
Equat i ongyturhildas ot h refltey HRT BB 2R84t Hﬂﬁﬁ/vo ph %95 BEhE ré&liShYdhb & n¢h 8GK&Tons
napt ha- base gas synthesizer or any other syStemthat uses steam

r ef or mat{ilo€dx o hyernmrmtee ydrpgisn bbypnmdiuctsackdgnpthadBsé¢ gaslf@nﬁhns:tﬂ@ dreidw n
line 202 fo re uI te flow through line 202 as dlrectﬁépby an ayt omgt
system Bt PolEMeE aé upgs SRR acio Ao e SERCTRIG N WIEI SR TRPT B wj ‘r ﬁl"é éém

supgby el :CHn 1B ltmésgldﬁd%e b thr ’ﬁlg{ce%qz”‘q?ﬁhé §d, 89 alflat HBP Bstem
pr oduct of upstream processi ng. va v f1ne regul ate
t hr ough donnelia 2. as directed by the aut omated systen1contro||er 2 10

Asecond 15 flowreter 218 is installed in Iine 212 to nmeasure the steamflow
rate in |ine 2o 213 Kkensestsdhe relprpemmdderitp 1 steps pahet dpid macesideotr ol i s

ef fect ?n‘%gr l %V\f%?[te? %ap.@d rT%@Sr n%%g&c]% ml/{%ﬁg\él{lr QE’&ESl?ggt\g Pf! 7P !1p$ 28

vol unet ri posSi i ve displ ere eam supply Ts

not a mr¥gdateaflow tbm@}roﬁdmevmﬁs @iré@t Phas uitinxt e §seh stréaleand. wat&ond The
systen1200 contains data transmission lines that facilitate the oper ati ons
of 120 dintmeter 2k8 Biostaliwskin link 342 20 mepsirg Hwdstean feamaieiin s ghal Shogacheén

cont rol lgr, 610, 3nd L EI%F%i%r respondi Q%,rgﬁ]ls et{fec I_DL%SE {1 dvx%ﬁtep%traa Lige %%1 s

used to transm t  Si en con e correspon I ng

nmass f | qwwinker, ba{lﬁra @%b%e'alv@ﬂlrﬁ&ﬂm'&p@ﬁﬁ% &@plat@nsiriflowsh@BakSere Biat WeLN
controller 2 10 and ghe correspondi ng val ve 288 for selective actuation of

t he val \ﬁép}ZlOSS nefriderx adhepdi Fwerdush ood teophess thetu of glehiprangdurgiorses  of
sel ectively cﬂl%t g)%lténll %O Co%taulaso \Ha{aaagnslmr}ssmn incs that facilitate the operations of

20 controller 210. Data line 220 is used to transmif signals between conftroller 210 and the
corresponding mass flow meter 5. Data line 222 is used to transmit signals between controller
210 and the corresponding mass flow meter 218. Data line 224 is used to transmit signals
between controlier 210 and the corresponding valve 208 for sclective actuation of the valve 208

under the direction of controller 210 for purposes of selectively controlling the tlow rate in line

)
o

202. Data line 226 is used to transmit signals between controller 210 and the corresponding
valve 216 for sclective actuation of the valve 216 under the direction of controller 210 for
purposes of selectively controlling the flow ratein line 212. These data lines may optionally be
replaced by a radio or optical system.

Controller 210 is generally any computational device, such as a CPU, associated

30 memory, and data storage, that may be programmed to convert the mass flow rate



25 2021. Data line 226 is used to transmt signals between controller 210
and the corresponding valve 216 for selective actuation bof Nohenbel 2085216
under the direction of controller 2 10 for purposes of selectively
controlling the flowrate in line 212. These data |lines nay optionally be
replaced by a radio or oplical system Controller 210 is generally any
conput ati onal device, such as a CPU, associated 'DO nenory, and data
storage, that nay be programmed to convert the nass flowrate | -) 17

Nov e mberm2@0knmeastro e ndssildw:amemasiso thosed @iatd camhbo td ftearapproopLadiod] cr
carbon to steamratio. Controller 210 is also programred to cgntrol t he

f1 ow rat®0df alsp pEyrapEed fo FpdiodBRr o alap lsicaay anddrdgRor PO tEd & eenniog
carbon rati Lrivi ef or - [ I € T, D)

CaT oo v Rt PR GELOTS AR o0, ST B R RSB,
react i ondgendp bheBs bwiht 41 wive ok el 256 206ponidesendnicnditibealvithinneigata
context where the flow neters 5 and 218 are neasuring flow rates,

cont énpcilamacigsiapd wi & rrahéinteshidpnisshwhoteltes low onetaqnh & apd At ere sreasupgfiryer
206 exit_through pathway 22.8 towards  down eam processing equi prent 230.
PathmayIﬁ%@C%ﬁ%”?ﬁ%?ﬁﬂ%g%“ﬁﬁﬁ?é?¥g C%F“ﬁ%f%#'al transfer lines or pipes,
for exanpl e, THeadtdMk 4 QefoPR¥ENTd QRAhrod@VRSHK SAM DH RERIS Sh NG tR A PERMin2 30
that includes, for 10 exanple, a CO converter ‘using an iron oxide catalyst
t o for meq@pant 2R0.adstcizat 298 madinciudnal plutaityr ogenterTheangde lincpwr gipesdm may,
for exanple, alsq.be cooled, scrubbed, fractionated, or t or ed cordi ng
to any RGNS treraapfie gAvEI e oocstis rIaaed 10 11 wsPisy do
prefier r e, @pROdiB b Syeer LR AYSRLKRM caliifht & AREAUSHithYissRlEedRldilMagnded
to limt the invention. For éxanple, the neter electionics 20 15 may be

i nt egr athydrogeth Tae ks dblvestreadlman dovdxwerple rasa, beocoohedy sesbbatly fhcinatatednst may
be reall ocated annng the respective conponents. The system conponents of
the fl oW Pt AT T phEOwODeaFd 212, e.g., flowmeter 5 and val ve 208,
may be arran I & itk al . PeCi - DL e re
R R A S
hydr ocarho:cheeustoe krd mputhtehdedrtetionnie in206Gidu. ot dxpciptc dichorterfebedsitiackd
source 20 204 varies or includes nultiple constituents, In petrol eum

r ef itAer %8, be HeteRiisb vaHbsAnrabustlbc RO fafe- ek dPoBOR e HEd tRREToR B1vt Pan
come fr [.C 1:t hi ety ' j ' :

hydr ocar Bung s A5 RS it ThOSler B i My bEEERL I o1 1y

honol ogoinss COMPOBL 11 @ MdweXAAP lad 0hlva 20y dnhae Be baindcaed shpaluintial order.
petroleumrefinery is the refinery fuel gas system The refinery fuel gas
system i s cortt¢wpaciedy pecibyetpraropisthe nvention 13 the use of the flowmetering system

200 where the hydrocarbon feedstock input to reformer 206 from hydrocarbon feedstock source
20 204 varies or includes multiple constituents. [n peﬁoleum refineries, the hydrocarbon feedstock
for a hydrogen production unit can come from several sources within the refinery contributing
different hydrocarbons in one combined stream or in sequential streams of essentially
homologous composition. An example of a hydrocarbon feedstock in a petroleum refinery is
the refinery fuel gas system. The refinery fuel gas system is contributed to by numerous
25  processes adding different hydrocarbons to the hydrocarbon feedstock of the hydrogen gas
production unit. If one of the contributing refinery fuel gas system processes is shut down, the
composition of the fuel gas system output changes. Controller 210 is capable of computing the
correct steam to carbon ratio as the carbon content of the hydrocarbon feedstock changes. The
method Ofoperjcgting systern 200 includes a variety of methods for calculating and applying this

30 ratio, as described below.



25 processes adding different hydrocarbons to the hydrocarbon feedstock of
t he hydrogen gas production unit. |If one of the contribui7 Rgvérebérrrang f uel
gas system processes is shut down, the conposition of the fuel gas system
out put changes. Controller 210 is capable of conputing the correct steam
to carbon ratio as the carbon content of the hydrocarbon feedstock changes.
The nethod of operating system 200 includes a variety of nethods for
calculating and applying this 30 ratio, as described below |3 17 Novenber
P005 There wiTheremeidl hev Sholwwandd desobibedcordouoe dresgnily prfesadnhgjices, a
preferred practices, a nethod of operati a mass flowreter for use in

st eam ré??iﬁ??g?%%ﬁr% SRVEF S P HBRE! ?%r%%&gg% rg\ﬁBP%“%P %rdb%‘cé‘hboﬁ oducti on

system ip% ﬁ:g%%@her-ghdeh\m% %ﬂ%rﬁ&mfoﬁl%yﬁgnti@ & S¢EPShe REMHE %Mb}iﬂgg thetBgs flow

rate of ‘a r'ocar bon ‘feedstock to provide a hydrocarbon nmass 5 flow rate

measur engnicasurk@suniassyler seae ohd hfimannbat éecdftosk eapmotvalepr lgndrdartznsteam f | ow

rate_ neasurenent, and controlling the am)untg of the hydrocar b%lr(} f eedst ock
¢

y €
and ?he TMemEfs MESITRHEINEFURRE AFFEIEERTY BB AL &MY 1 YIRS HASEY "Op0RE he
hydr ocar. t t
measur obariets hE PR ns IEABOAEEN 0 ERAubPELSh EAMOE M HBcum ot 1 he
type sheivirtd fo e hidrokbh A dubidicGated abalepot the hydihatoafmapdoatien my be
i npl enented by programring a controller, such as controller 210, with
i nst r uctesAweiRat andrtbe slpamHiowatp sreasyrpgents iagretivs 18 peipBralds s 1

representing, t hes regraminstructi.ons. In step 302, the controller
obt ai ns ef‘?‘Ba’e’?%Sgcnﬁgggﬁﬁm%oév%]@rﬁlghe respective hydrocarbon feedstock
and phe st eamsSH@iRhttd aDeXd, thd MeBlo@Rf 03Bhtioh Agy R TpMhatted BY GfoFtM@BIE: a

carbon content factor, which is used in apt%roxi mating the 15 carbon content
of the hyurdtarshonaf @etstlock Oy itppityictigns thet arabdsonhcontiont Figad deraes & he

hydr ocar bon s flow rate neasurenent in st 306., Al so _i.n st 306, .a
r)e/lt i 0 ofPTRHE L rrBBWSCIE’_CS’ﬁttE?ﬁC Hrﬁc‘jrélfne’éfﬁ'i”'é%lﬁfl@nﬁpf’tgp ?ﬁ%ﬁ’ﬁﬁ 5?%8).“% ﬁ'?lelgel[alrn‘gl'?tioév is
used ! 0 EhRGLIURbYs RlSHesURVBYANBCADALRCARN OF 1R LAM Llrpl. MR%EE e

accommodat e process needs. VariouS aspects of these nethod steps are
di scusseéd4 bk @antrallaxdbbtdrinomesl 2 deban lcon26t Fewrnaihehps obédem agdedswsds Bye use

of a Coriolis mass flowreter to sure the mass , flowrate of .the .
hy 0 5CaBAR FEBASE BEKS SArRETORT [1SRaSk SAPPRAVE ff %t\év%ﬁgm&%%‘é’f £ 8.
For — exqpl €amgn GRONAGH rQﬁé%ﬁ%ﬁféﬁ?éﬁt {1£6d5506 K A8 sieh 38BH: MR #9& carbon
production is natural gas. tural gas 1s typically a mxture of all canes
i ncl udi rgnterttharem @nkmn e, caprudgahe Thbrrtiane usnido splent ate adjwhitthe bydsoeithbon
representation of heavier fractions. Al kane h)(/dr_ocar bons ?%ve t hF gener al
and/or steam flow rates to accommodate process needs. Various aspects of these method steps
are discussed below in additional detail.

20 . The main problem addressed by use of a Coriolis mass flowmeter to measure the mass
flow rate of the hydrocarbon feedstock is that of feedstocks having various composifions. For
example, a common hydrocarbon feedstock used in SRI hydrogen production is natural gas.
Natural gas is typically a mixture of alkanes including methane, ethane, propane, butane and
pentane, with a small representation of heavier fractions. Alkane hydrocarbons have the general

25  formula C;Homz. Because alkanes conform to the general formula, the amount of carbon
contributed by a natural gas feedstock is roughly identifiable from the mass of the natural gas
feedstock, independent of the proportion of the contributing gasses. The atomic mass of carbon
is approximately 12 and the atomic mass of hydrogen is approximately 1. Based on the general

'~ formula, a given mass of natural gas will be approximately 75% carbon, e.g., 100 kg of natural

30 gas translates into 75 kg of carbon and 25 kg of hydrogen. Thus, the determination of a carbon
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25 formula C H2n--2. Because al kanes conformto the general formula, the
anount of carbon contributed by a natural gas feedstock i3 Nooaghey2005
identifiable fromthe mass of the natural gas feedstock, independent of
the proportion of the contributing gasses. The atomi ¢ nass of carbon is
approximately 12 and the atom c nmass of hydrogen is approximtely 1. Based
on the general formula, a given mass of natural gas will be approximtely
75% carbon, e.g., 100 kg of natural 30 gas translates into 75 kg of carbon
and 25 kgniefit fhyidr ogdep 30¢I' has, mftthb? fdiletuefr of mavisomt.obichac@r/bodhe 4. 7r7apev snber
2005 content factor |n |nclu e t j.&ﬁ g const ant , Fuc as
0.75. TREGCTST fsdge nd S?fé’ oo TrOTBLhaRS | RN obe PO ERe BBk Hat i on
of feedglHeks &Qémfﬂegﬁ(ge(ﬂﬂHF@&LI‘ltyoﬂPlfleth%tﬁ'Wmoymﬁ%dm@m&l@%{ﬂaﬁfmﬂ\@nght
of methane is 16g/nole of which“12g/nole is carbon. On the other hand, the
fract|oﬁuimhmehhﬂnémﬂ&mﬁmﬁcbrEmﬂn@nn@aﬁeanﬂopumam@lnnmmg31©082zaﬂd)®383,
5 respectively, Fig- 4 presents the dinensionless factor F as a function of
e%ulgﬁpﬁﬁﬂﬁﬁt as determned for the al kanc fractions Cn through C10.

The val ues | ?gaﬁ réée.g?rrﬂ@gﬁ@gﬁs?orh A taFtor AP RS OX B &5 D@ n%ﬁeétﬁér &,Q%,hheoasw er

fractions an es from An F val ue of O. shoul d suffice
for nnsﬂemuﬂﬂ@@ammmaa&hﬂ@bﬁSmnEarl@mﬁ@ﬁsgocdmnehbmsnnﬁgﬂnkbnmhannménmﬁomn
in Fig. 10 4 may be reproduced using enpirical sanpli of act

f eedst oémomicﬁm %ﬁnfq{ theg hf@ﬂmqrﬁaﬁﬁ%ﬂ anddangestieony 8i/gdo P -paf h’aléla @59188n
f t f
o ARt LBl B0 SRR} DAL O LI SO

t heyunhenayofe @Ja@&c&i‘ug@waﬁ irichl danplioldTacear Redsteanttepbtahing sinthtwhhete may
vary as a function of tine, (t) is the mass flow rate which may vary as a

functlonmmﬁﬁﬂwwﬁeﬁwﬂ3 is the nol ecul ar melght of carbon, and t is time. By

way of contras Ss in oIo as th

constit uent %b ggn Th EH¥QT€68£H?&§8§ Q?J%haﬁﬁmhbc %eﬁgﬁ%ﬁﬁ%&ﬁéacarbon
Contribgﬁﬁgxﬁﬁn&hﬁwﬂéggﬁﬁ&ﬁg%§ 20 feedstock changes relative to volune. A
st andard cubi c net'er of butane contains considerably nore carbon than a

standard cubk& met er - of ﬁp gine&) wever as illustrated above, as the
proportion o onstlgu nt Ses natural gas feedstock changes, the
anount of carbon contributed by the natural gas remains essenti al

conkt ant r el #ieai s thagasnlyy of melased g@r@pn,gtdg) isthe carbon content factor ‘Nhlcll)rl"ldy

vary as a function of time, Mi(t) is the mass flow rate which may vary as a function of timne, M,
is the molecular weight of carbon, and t is tune.

By way of contrast to mass flow metering technologies, as the proportion of consttiuent
gasses of natural gas feedstock changes, the amount of carbon contributed by the natural gas

20 fecdstock changes relative to volume. A standard cubic meter of butane contains considerably
more carbon than a standard cubic meter of methane. However as illustrated above, as the
proportion of constituent gasses of natural gas feedstock changes, the amount of carbon
contributed by the natural gas remains essentially constant relative to mass of the natural gas
feedstock.

25 Another problem with volumetric measurements arises from real pas behavior. A
variety of equations of state are used to predict the compressibility of gasses, such as Van der
Waal’s equation and the real gas law. The real-gas law, for example, 1s:

(5)  PV=ZaRT,
where P is pressure, V is volume, n is the number of moles of gas, Z s the gas

30 compressibility factor, R is the gas-law constant, and T is absolute temperature.
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feedst ock. 25 Another problemw th volunetric neasurenents arises fromreal
gas behavior. A variety of equations of state are used to7 phesghicér 2008
conpressibility of gasses, such as Van der Wal's equation and the real
gas law. The real-gas law, for exanple, is: (5) PV=ZnRT, where P 'is
pressure, Vis volune, nis the nunber of noles of gas, Zis the gas 30
conpressibility factor, Ris the gas-law constant, and T is absol ute
tenperature 15 17 Novenber 2005 Equation (5) nay be adapted to cal cul ate

t he avergetionl (6t uhar byeiightd ob @ladabithedivefdsowsdleedm asighZRE o Rombaerde |
MI, is the average nol ecul ar wei ght of the conbined gas flow stream pis 5
densi ty,ﬂ‘a‘ﬁﬁ“ﬁlﬁbﬁsrenai ning values are defined in context of Equation (5).
This value of M,1& ”BZ‘RPG used to enter Fig. 4, or a simlar

correl ation, @hd obtai-n~a-value for F. A neasured density val ue may be
obt ai ned, for exanple, by using the Coriolis floweter 5 as a vibrating
tube densi tongler., The densily masunements, Lhus. oblal ned, My, ngle De, ;g
sufficiently ACEGr are Pund el EBR AT T rond” 8PS oW Erfessure, ependi ng upchn t he
design of theydQitPehethSenaimheyades Jﬁ%ﬁncﬁﬁﬁgbﬁt@ﬁfﬁ@qdﬂﬁ%(52)’_’1'1@@5&%5(%19”'[S
may be obtained in line 202 (See Fig. 2), for exanple, by additional

i nstrunents, $uehagdeasghnnentealisdénsiatsomsteronmiatanyandolitemn 4 nwdue toméht  or
enpirical correlation that is capable of providing gas density N

i - neasur er nentsmexHEdy deqsEyf wHuy may B soEag: yoE skaipke & Bepkdhg Coriolis

oubl + shel ByeBF it GPhuRR e R Aint L el b RS Ry A 008y ot
Hy dr ocarjeosusti Cieidit abcalatGasdAssnditiohs AR @asssuiy) dpehdifd SponthdNiehigt bf miad

Aziz, "Conpressibility Factors for Sour Natural Gasses,” Cdn. J. Chem Eng.
(1919) 4oetepgpemployeduhilbis, sepRie@epeb desiEducsewencafparabapblagifd prlssdiee to

t he val for . -.Changes in t val.u of Zwth tine wll,likel be
ooy ot i8st e R RE, bRt ot b o sl el dehiiGhtieRE any,

Napht ha dtgerahSRudnt MaRRtalUSed] My Qe ardapibié egdstionk shidspkid, Mediegants.
production. Naphtha is typically a mxture of al kane | kenes. The presence

of doubl e andlhetvalys fer Bonps:fimbiytchbséatdi enar ardorstion) ehaieca cairploion for
i nfl uen%ﬁisip%qgoasie,s !Stpbgl ésht%ogf?' lplﬁlﬁlisfl)'xfedtbr;]\feBrFO\I'na %% glr, "‘NEtS[)urral Gasoline and the Volatile

15  Hydrocarbons,” Natural Gas Assn. of America, Tulsa (1948) or Wichert and Aziz,
“Compressibility Factors for Sour Natural Gasses,” Cda. J. Chem Eng. {1972) 49, 269-75,
which rclate pseudoreduced temperature and pressure to the value for Z. Changes in the value
of Z with time will likely be negligible over the range of most process conditions and
feedstocks.

20 Naphtha is also a commonly used hydrocarbon feedstock in SRH hydrogen production.
Naplitha is typically a mixture of alkane hydrocarbons and non-alkane hydrocarbons. Non-
alkane hydrocarbons include alkenes and alkynes. The presence of double and tripie bonds in
these hydrocarbons may have a minor influence in raising the value of the F factor. For

example, a pure alkene having a single double bond might have an ¥ value of 0.86, whereas an

alkyne of the sane length could have an F value of 0.96. Knowledge of the vanability of the

2
LN

proportions of alkanes and non-alkanes associated with the naphtha feedstock allows the
amournt of carbon contributed by the feedstock to be readily estimated.
Another method of calculating the F value in step 304 is to train a conventional neural

network or other adaptive model by, for example, inputing measured process conditions or
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exanpl e, a pure al kene having a single double bond m ght have an F val ue of
0.86, whereas an 25 al kyne of the sane |length could have an'Fwaboeras
0.96. Know edge of the variability of the proportions of al kanes and
non- al kanes associated with the naphtha feedstock all ows the anmount of
carbon contri buted by the feedstock to be readily estimted. Another nethod
of calculating the F value in step 304 is to train a conventional neural
network or other adaptive nodel by, for exanple, inputing nmeasured process

condi ti opguly fibdh e Mowanbam 20Q%s3ies Wpkitibhom3 Necdownst)r eaathpr ot@sgbwg
operations 230 (see Fig. Zé together with fl ow neasurenent information

f or m t hemwagsenEmWRBrant@ @nd thheasd hewmsteed apd ghe v weter 248, Brvwdkas other
neasur enent s i ncl udi .process tenperature and pressure in | Qw .
_corrponenfmﬁsr}g?lpggﬁ%rbﬁﬂ%l r_BF‘?S_éf"‘anrgé)‘hE?ee‘l_rndlpl“ffé”’jfé’é?n e ﬁé’tn%%r tg%ﬁygg Bl be
i nvert edylQ Rl QUGS iphePNEAITRE hVQ/JMREA! theA b INHE tiRSIhE: FRWRETE BRI in
process conditions can be provided as input to arrive at a necessary

conbi hat wbrehalesitd¢dbdewatiesn goneesneddidipns eat bopiogrded 29inpGhiverrti et armseassargf
hydr ocar bon contri but ed q¥ t he gydrocgy on, feedstock is known, the

cor r espoRdN gAMb enHO B Fates & $ﬂ&?n at'er f%ed, which is the final portion
of step 306. olbeupTRWH.: of hvﬁ%@%%@dgfco%%ﬁﬁ@& B?%e%}gi%%b%ﬂ)feéﬁto%ﬁ‘#@kﬂc%}ﬁ (1)

to (3), which require one no water in the formof steamfor each
nmol e of tardanspohtianpgnumber obfteamkesboficteaninod, wiayhe the &heUpatiado! ftgr 306.

l'e, _using Equation (4). Th f noles of _may he cal cyl at ed

TIT ke, RRRHERUBY ! SUBSCF SvTTEE OSSR a4 He 40k P ORI rererT
tefy 218 1.aL. ; h ' f X =

e ero) %fﬁt’&ér Mtl@ﬁﬁw drliRa Fgééb%ol%ﬁgﬁboﬁ T Lﬁﬁbérg?an\és £ Qb %‘og

F,,( eren IS the nunpber of noles of water or stea

Fw(t) i scdifigatpd dpOEkaniie, aking IR@MiosUPPTYiec Addbthgtmadlss sftseaim (g batdlyuliBo %)
which may vary with time, Mwt) is the mass flow rate of the steam

suppl y why s iveriy subgiiiing thesnasyflopvgrataacasyresant gom Hgsy gister 64 S paddrand ang

t isting, | racti.ce, th rbpn to steamratio is custom zed in step 308
to accoEﬁ?l %?gléﬁ%%gﬁﬁﬁémgggg¥$gh1the i deal reaction and conventiona
experience wth the rel apred uq{g&h ing SRH processes. For exanple, a

st oi ehi onetri )exceggydfiﬁf 'ngy‘ﬁé preferred to drive hydrogen
production according to Equations (1) to (3) towards substanti al
conplet i on. hwhekheV iptiscesses pf oxyger watayobdcaddad) iBdeprefortipregesteam

cvertual 1] e, £SOULT S48 LESRONG. 1S BALASLTERL L0 L1 PRRTDAL 1 ol
flow rate of the steam supply which may vary with time, M,, is the molecular weight of
walter, and 1 is time. _

In practice, the carbon to steam ratio is customized in step 308 to account for deviations

20  from the ideal reaction and conventional experience with the related underlying SRH processes.

For example, a stoichiometric excess of steam may be preferred to drive hydrogen production
according to Equations (1) to (3) towards substantial completion. In other processes, oxygen
may be added. Both of these eventualities require corresponding adjustient to the assumption
of 1:1 equivalency between molar steamn and carbon content.

25 In the relationship shown as Equations (4) and (7), it may be assumed that I and Fw do
not vary with time. In this case, the integrands devolve to accumulated mass over an interval of
time muitiplied by the various constants. The meter clectronics 20 of the Coriolis flowmeters,
for example, are somctﬂnes capable of accumulating these totals, which fall under the broad

definition of “mass flow rate” used herein because these totals derive from mass flow rate
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25 In the relationship showmn as Equations (4) and (7), it maybe assuned
that F and Fw do not vary with tine. In this case, the invegvanterdesl ve
to accumul ated mass over an interval of tine multiplied by the various
constants. The neter electronics 20 of the Coriolis floweters, for
exanpl e, are sonetines capabl e of accunul atiing these totals, which fall
tinder the broad definition of "mass flow rate" used herein because these
totals derive fromnass flow rate 17 17 Novenber 2005 neasurenents. :
Fur t her paurcHRER! FLABS 81038 SHIRLELQRS kighd : : | Mgﬁ
having to integrate, as (8 ggr%ﬂ&:&go%lu@pﬁa%éf’%r{w}gtﬁ%%%%Piq%@ﬁﬂ/ﬁr%dl 'g(ti)
M wher & dn@rils. & rati o of carbon to steamnolar flow rates over an
averaged interval or dn 5 instant of ti ti, F (tl) is the carbon
content factor which is qonsiadiloef the intlerval or instant of time ti,
F.,, (ti) is the profdft i.dn of| stleap supply 214 that is steam (usually
100%) which i's constiant dver the ¥mtervadl@d|finstant of time t1, the
measurenents Alf (h) M,,.(ti) Jare g;t ddm pped cont enpor aneously for the
respective hydrocarbon mass flow rate M(t1l ) and the steamnmass flow rate
I in regard to

M"(t,), and _the. “efmin terms are defined 510 above
Equat i ons (4)Whgﬁedd(,ﬁ/) o ngoé)ﬁ ao%rrﬁ?ttaodﬁ%%?]étl%o%mc%%‘i[ Fag 5 9¥FT B0 gy AHET Phe
forgoing principles and equations to adjust this ratio in step 308 by

control of vé#lstesobiige antlt2i6the cadpn coeteatfastenwhlchvs comtiest @fer theenterval or
respective hydrocarhon and steam supplies. Sel ective adjustnment of the
rel ati ve anmo &éﬁ?& ?%%rtbﬁ"(%\)nﬁ’ @Fé’é ortipry A SteB Py I fdhat s ssapHasyallyy of
the overall SipPHAGEISconbAGt &Rl ald MRrATBERALENOAT G AN DAR A uRhRAMANE)

preferably adjusted in relative proportion to establ’i'sh 't esire

whil e mai nt aitgi(@g Seldbeiiaed cddiepotaREQUGN o BhOFBIRICHZOBydBEBbFL Bras@NowSUCh
that reformer 206, in order of priority, operates within design paraneter,

does not becuoite Ma(Chakethpeieain hads fivoces 3/0peI atd 10 snfising eamsate ddfied202,
10 above in regacd to Equations (4) and (7).
The automated system controller 210 may apply the forgoing principles and equations to adjust
this ratio in step 308 by control of valves 208 and 216 to arrive at new flow rates of the
respective hydrocarbon and stearn supplies.
Selective adjustiment of the relative amounts of carbon and steam, alone, does not mect
15 the need of the overall SRH process. The relative amounts of carbon and steam are preferably
adjusted in relative proportion to establish the desired ratio while maintaining sufficient flow
through reformer 206 (sec Fig. 2}, such that reformer 206, in order of priority, operates within
design parameter, does not become a choke point for process operations upstream of line 202,
does not exceed the supply consiraints of materials available for use in line 202, and meets the
20 needs of downstream processing operations 230. Thus, controller 210 is preferably configured
to adjust the flow rates and process conditions in the overall system 200 including upstream and
downstream process conditions.
Those skilled in the art will understand that the preferred embodiments described above
may be subjected to apparent modifications without departing from the true scope and spirit of
25 theinvention. The inventors, accordingly, hereby state their infention to rely upon the Doctrine

of Equivalents, in order to protect their full rights in the invention.
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does not exceed the supply constraints of materials available for use in
line 202, and neets the 20 needs of downstream processi ngidpevatnbenztB30.
Thus, controller 210 is preferably configured to adjust the flow rates and
process conditions in the overall system 200 including upstream and

downst ream process conditions. Those skidjigd in the art wll understand
that the prgtengigd enbodi ments descri bed above may be subjected to
apparent nodifications without departing fromthe true scope and spirit of
25 the invention. AHevimuterinpsgsteractiin domgtyn cherddbyy §tcdbenaibgiréactins 8% i on
torely up%Q,drthe Doctrine  of %@vﬂaje ts, in order to protect their full
rights in the ERveRERghen sstepy SAIIOV Bt TE Sy HEMAEN T AING 1. A fl ow

net ering syst ema(fd90od Rk s doRS@RY fPhlAdek Anfasf LWRLL AR, Lg@r%&rg&ll na
hydr ogen production system (206), said flow netering systemconprising:. 5 a
first flowkeadsiock Gpmcahfdrgearbon fasdsreasiupelyaands préduowa hatecabor floywdaecar bon

f eedst ock rocarbon feedstock. supply and t roduce a hydrocarbon
flow rate Héﬁ?n%?‘%%é‘r“ §’%ﬁtlp?‘§d%§°§‘i Hl?errcé[és ]@Pyé%?“@%@ Ig?‘%é%ﬁl‘d hydr ocar bon
f eedstock; a seagaehnll fwwiBéef (N1218nGAR B WESL S ARASKE §F Gedid W ALELQf

steam from ariteam supply and to produce a steamflow rate signa
repr esent | AEPRERRRH! O RSQHYostacstesm Sardatstsegm reardentig saidcbot ot besaid 288); and

configygjed to r j | carbon f.low.rate signal., and said steamflow
rate si}%nal , tog\{%g{édel(lﬁ%/ez?%@)gégﬁg}gf’ %ED rceg?lb%ﬁal@gﬁ“i?ré’ﬁ‘l“%f’%gf’ﬁ’rr?tes%ﬁ’@l@gjﬁ%t ed

carbon costtantilovaitosigire] 0Fehasesth @indted @AsIh @RRNPRIERT baf cHialedd LRt of
sai d hydrocar boggqlf eedstock, to process said nass flow rate of said

hydr ocar bofPHE8d_E e brssd pR abkestpac eglentialrdonsiityoniod mid hadtooarbbw
det erm ne Ly sal d,_hydrocarbon.15 feedstock, to
receive a gég(rjﬁi%ﬁ Itg%b Iglg g%%ﬁ@%@%%éfﬁgea&f aﬁ@%‘/rdé;%%’%b%‘r gﬁ%g?ch?ﬁd%@teé'hﬁnat&ﬂd to

process satatbestimat datteanberraimtanitishtedabbhohydreapshan feesshivek, said
said steam and said carhon-to-steamratio to control at

flowrate pf

| east gstne ‘%Fd%%? 13 iCGRVE 4rrarhgp-leaicausiatia fer sakdnglipgenforeductian eysedm.samiddo

hydr ocar b e dsitiQs terl e 200) . of claiml.

wher ei n sgl:jtg est i E&?ﬁﬂa%grcélgﬁﬁggﬁ{egﬁﬁ Sg@a@tdgé&sz%gg%@dk (%hsz%d ﬁr%‘é’sfatgf)@éad?bon
for said ateduagstl soideaponentsiaim woingd contaritt Rhsioak df sdy doacardhsmaiieadss ock.

20n32ﬁt fl OE\lIIVIdrEEItCFﬁ(I)VO9&13%?%8?(?}1&51%221‘[)81‘5 fe%hsat’li)gﬂl wherein said estimted carbon

20 2. 'The flow metering system (200) of claim 1 wherein said estimated carbon content
factor is based on a mass of carbon for said at least one potential constituent of said

hydrocarbon feedstock.

3. The flow metering system (200) of claim 1 wherein said estimated carbon content
25  factor is based on a mass of carbon for said at least one potential constituent in relation to a

total mass of said at least one potential constituent.

4. The flow metering system (200) of claim 1 wherein said controller is configured

to:

30 select said estimated carbon content factor from a range of carbon content factors for

said hydrocarbon feedstock.
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25 factor is based on a mass of carbon for said at |east one potential
constituent in relation to a total nmass of said at |east 12movpoben2d(sl
constituent. 4. The flow netering system (200) of claim1l wherein said
controller is configured to: 30 select said estinmated carbon content

factor from a rahgehofiowe aid@heeoneenRobpstddim  QhereBdath LY RSBERBN content
feedstock. 19 17 Novenber 2005 S 5. The flow netering system (200) of claim

| wherein S50 GUPRTHSEE 8 @redatcrpincd sandmit vahisdeoraidonmst erspeicprd detstuannet

constant vahigehisscasddedlid.past one potential constituent of said
hydr ocar bon feédstgckP 6 Tﬁe’fIOM/netering system (200) of claim1 wherein

said controller is configured to: process neasured process conditions to

i nmprove the esti e fvsaid_estinatsg carbon content factor. 10 7. The
flow metering systeth!(SoBFEnEchErm FORIcER lswherein saist contisilaes spniiguesyd
conprises gyCoriolis mass flowneter. 15 8. The flow netering system (200)
of claiml wherein said second flowneter (218) conprises a Coriolis nass
flowreter . 9. Theccty morswetdgronys systigmsad iapaiventte dstintabest oah@fihsiddg: sai d
hydr ogen pr tion stem that conprises a Stearn Reformation of Hydrogen
( SRH) SySt§%$%§60Tﬁp§%ﬂ81f|OM/nEtering systemof claim| further

conprising: a first valve coupled to said controller and configured to
control flow of said hydrocarbon feedstock responsive to instructions from
sai d cOhtrol | er7- dig Dovemenioe vadtem (RYUpifsthithd wlwirdn ceidtfirst flewmated (5)
configured ontrel . fl ow of, sali steam responsive to instructions from
sai d contr8§@g§gﬂfgﬂ%fﬂmﬂyﬁﬁ ReY’ ?OO) of operating a flow netering system
(200) for controlling a reformation reaction in a hydrogen production

system (206). said nethod conprising the )
8. The flow metering system (200) of claim 1 wherein said second flowmeter (218)

comprises a Coriolis mass flowmeter.
15
9. The flow metering system of claim 1 further comprising;

said hydrogen production system that comprises a Steam Reformation of Hydrogen
(SRH) system.

20 10. The flow metering system of claim I further comprising;
a first valve coupled to said controller and configured to control flow of said
hydrocarbon feedstock responsive to instructions from said controller; and
a second valve coupled to said controller and configured to control flow of said
steam responsive to instructions from said controller.
25
11. A method (300) of operating a flow melering system (200) for controlling a
reformation reaction in a hydrogen production system (206), said method comprising the
steps of:
measuring (302) a mass flow rate of a hydrocarbon feedstock delivered to said
30 hydrogen production system to provide a hydrocarbon mass flow rate measurement;
measuring (302} a flow rate of steam delivered to said hydrogen preduction system
to provide a steam flow rate measurement;
identifying an estimated carbon content factor, said estimated carbon content factor

being based on at least one potential constituent of said hydrocarbon feedstock;
20




steps of: neasuring (302) a mass flow rate of a hydrocarbon feedstock
delivered to said 30 hydrogen production systemto provi de NovBydeoz@isbon
mass flow rate neasurenent; neasuring (302) a flowrate of steamdelivered
to said hydrogen production systemto provide a steamflow rate

measur ement; | detbbdinpd @) SRR, AR QUiCARAN ok 36 Rlork 3Rl St I mat ed
carbon content factor “being based on at |east “one potentlaF dongtltuent of
sai d hydr ocafberdfcedustcontent 200t ® doweribean 2008al e@eiessdong:nf 304)id sai d nass
flow rate 3Ld§%jq)h¥d%9cagbon feedstock and said estimted carbon content
factor to det &t WE sHWSESEi mat ed carbon content of said hydrocar bon
feedstock; identiuémifiaga aAoR0B=stAnSaB8 T @ld ﬁ’erQéenﬁﬁb(chp)ﬂﬁ"s?%&ﬁ; goduct i on
system _and 5 processing said estimated carbon content of sai ydrocar bon
feedst o€k, sai d HPewsing said egimyed duberamtennd ssidihgdoaatbon feedsstieanid fidi o t o

control at _| ¢ o of said.flowrate of .said st and sajd. flow rate of
sai'd nydr odaF o v aBal alfi bRl e RouioP Sl Al Saritond A e Sof
estimat ed caibonncant @it 16@eiebS kAd h?@;@.darbéﬁ) fQQs@crass of carbon for said
at | east one potential constituent of said hydrocarbon feedstock. 13. The
met hod of claim 11l wherein said estimted carbon content factor is based
on a mass of carbo i -] e pptential constituept in relation
to a total mass lgf Wh%géeéﬁﬁgfl%%?t ﬁgﬁféerggjt BN ?Sgllmaé%lncﬂctf@lfé)ﬁ{ep?%gwf45. Baﬁﬁ@
nmet hod10f ohaimaskblereorior shldeu sdaepoiRfpdiaent tdislingnedt seRitH IRt @b a8 R ek
content factor conprises the step of. selecting said estimted carbon
content factor froma range of carbon content factors for said hydrocarbon
feedstock. 20 157 . Cd-al. : r.ei i SL d. carbon
content factor oy aaer ot hmch At S IR Bl PR st
one pot ent pala eonsf tarbemforahidsaidst dnggrotaniabamsfieeash eektior® albtal Fhes Bt hod
of claiml | .further conprising.the step of: processing neasured process
igaf Hatige

condi ti ons®% BTIGVE PP belof said estimated
15
14. The method of claim 11 wherein the step of identifying an estimated carbon
content factor comprises the step of:
selecting said estimated carbon content factor from a range of carbon content factors
for said hydrocarbon feedstock.
20
15. The method of claim 11 wherein satd estimated carbon content factor comprises
a predetermined constant value for said at least one potential constituent of said
hydrocarbon feedstock.
25 16. The method of claim 11 further comprising the step of:

processing measured process conditions to improve the estimate of said estimated

carbon content factor.

17. The method of claim 11 wherein the step of measuring a mass flow rate of a

30 hydrocarbon feedstock comprises the step of:

measuring said mass flow rate of said hydrocarbon feedstock using a Coriolis mass

flowmeter.

21
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carbon content factor. 17. The nethod of claiml 1 wherein the step of
nmeasuring a mass flow rate of a 30 hydrocarbon feedstock1gqmembes2ddse
step of neasuring said nass flow rate of said hydrocarbon feedstock using a
Coriolis mass flowreter. 21 17 Novenber 2005 18. The net hod of claim 11
wherein the stepsoirieasibd B prh&%hi%s’fsmgt PR IR B REPard fPuSIEP OF -
measuring said flow rate of salgsteamus in T Pownet er. 5
19. The netchowriefs b alemofl wherein said hydrogen production system
conprises a Steam Ref O”T‘E I—%/S system_20. The net hod of
claim11 furthe"E5hpPs g"“d"ﬁtﬁt"rfé W mf‘P W% Og‘élisdnﬁ?é]rc’b‘ﬁ%fit%n f eedst ock
using a first valve; and 10 controlling flow of said steamusing a second
val ve. 22
5 19. The method of claim 11 wherein said hydrogen production syctem comprises a

Steam Reformation of Hydrogen (SRH) system.
20. The method of claim 11 further comprising:

controlling flow of said hydrocarbon feedstock using a first valve; and

10 controlling flow of said steam using a second valve.
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