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A METHOD FOR THE ONLI NE ANALYSI S OF A VAPOUR PHASE

PROCESS STREAM This invention relates to the on-1line
wW@r@Bssi3s1t of vapour phase process streans in tPeT/6SBe@si001778

reform ng of hydrocarbons ufilising near infra-red

spectroscopy (NIR). Synthesis gases for the production

of chem cals such as nethanol customarily have been

derived fromthe steamreform ng of a hydrocarbon,

A MISTHOD FORCPHE ONVINFPANALYSISOF A VAPOQUR PHUSE PROCESS
catal yst. e synt esl| s gas Ero uce Yy the steam

reform ng reaction conpr i xture of carbon

nonoxi de, hydrogen and carbon di oxi de. Cenerally, the
nol ar ratio of carbon nonoxide : hydrogen produced is
notThisfihventioh telatesiRethe bndineasilyssof vipent piake prooess sgemns in the

such as the production, of nethanol . Accordi ng| it is
stearﬁdm&mn,sr%vﬁr@eargenwﬂbw ReARINEATTEY sPegiTBsEoRE (NI,
co ' :
S?l?tggﬂilﬁggeé for glﬁkg%rggﬁ&fomo? ghérfviall sh RREethAoY Qﬁsﬁorﬂanl¥ have

des ntit to the refornmer. The addition o
beernderived frdmotke steamaeformingaffarhydrocarbeu, tipicallysnaphthacampiral gas
., honoxi de .. hydr n nol.ar. ratio. reful control of .
in tE REESSHRG B oy DS saPuERdy i PR O ragtion
comPA{R AMiRRAOST H¥bon MBAGAEE RyddkéPandcaBonadibkiay,edendrilly, the

conventional practice, separation of carbon dioxide is

molaraaticcefaarhop moraxidst i yidregenppysiuaed ininohoptingyn ferse in

typically.aqueous al k ' . by, e
dom A5 SRSl S HRUSHy Desprmey i
norni} pyetiCe daetole thHelarbonfdis:ide co-ploducrd|in thrcrefodmingy regetion and

i f the amount of carbon di oxide pro,d_ucegl iH the stea
recyelepalepirad iuantityibagk tahgrefopaer; Jihe gddition pf carpongligxide toy

refoxtl\/%? ‘i{ee(ﬂoiﬁ@%r{ﬁ# Eé’ﬁ{){lg Irrfg)g&'g@ Thydtb S TG fﬁﬁﬁ.c d lgcrrc])ﬁtrol of the

er. (stea arbon and”optionally car
amoant@firébycled karbba dibxidengilwerat desinedecarlyq mahdxydepr erdiegen eatio to

tQ a . tenperature of at |east 50 C apnd fed to. th
be agtigABrooRY I OBRTEEItE, SPARton BLrefORIpKIE s oRgLFd by
] I
absog%h?g?g&%ﬂgg WitR A Solve R typRatly 2QiBoR8 SikhfolAhfhel, fleﬁ@uaéd B

onvent i onal ‘vapour phase anal ytica
compressiori tpureadhghenecessanppressige fopnscycledack torthe yifermegadt would be

advap R e ot &L AR Hde broAlERIRTE sl flarilg} raggion

" coul€ BB tlefed or\ihinihisekes it difficult to obtain

coggosi tional data of acceptable precision. It would
t h&hefesd compongnigioya sheam refprming Feagkionare water (geasm), Axdrgcarbon

o SR AR S GBT r NOUEY T
tempetdt@re 58 adleast 09 °Qiand fadeoties mformer atsayrbssase dffaeleast 15 barg.
Under these conditions, the feed components are present as gases. _

A .conventional vapour phase analytical technique is gas chromatography.
However, when gas chromatography is employed, it has been found that condensation of
some of the components, such as steam, can occur which makes it difficult to obtain
compositional data of acceptable precision. It would therefore be highly desirable to
maintain the process stream in the vapour phase during analysis. However, it would be
undesirable to perform analysis on process streams of very high temperature, such as the
temperatures employed in a steam reformer, since analytical equipment which can

withstand such temperatures may not be readily available, or may be expensive.
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tenperatures enployed in a steamreforner, since
anal yti cal equi pnent which can w thstand such
W0 esopasasures may not be readily avail abl e, orPOHEGBR@®S/001778
expensi ve. Accordi ngly, the present invention provides
a nethod for the on-line analysis of a process stream
whi ch process streamis a feedstreamto or an exit
stream froma steamreforner, which process stream has
at E&'ﬁh%i inveRtidn s a inBhod doHRe efilline @halysis of a
\NhIA? pr c%glge@%?eggmvgre ilﬁg\?ge vapour phase, whi chy'
process sresmcwhishipseess teepmt s R ifeegsteeam fops@p @émSF?%ﬁloﬁba steam

. -t b Ui Pt
o b SR BS000 hpopenso
whi@PRbE&s Strdab® hreQR Mevapb@dthasd) whichrmeth¢d\tdthprigesct r oscopy

to obtain a spectrum characterising N R absorbing ‘
cof@one takingsd slipstregn foasthe PracestF©dAd (d) correl ating

t he,spect r,um [ e ' i 40N
o o FPHBRES ARGt 10 S AHRIEG ER)  Boine!
t eqd(?ni quaslysig drtebledRtipstitemdymeeninfratred ONBY), speettdsenpy to

to determne the partial pressyre.of.one or m
e NI oRladtr B URaRERTGE MR abgor i esbipoBRiiE P the process

Typi cal lyearh ighe steam reformng of a hydrocarbon,
the conponents: steam hydrocarbon_ and optionally
carpon donelating thespéatnint obtainedtomstablished calibrgtion models from

t enpera e and pressure., The QG r

exanpl e%ﬁﬁ‘?‘l‘@sg?pyn‘é?llﬁ %emﬁg’gm%gﬁgﬁg‘l&g g%gg% otiffe thé

pr.edom R3AtdnYafEIBY, hedSr toRlcitafmelthe parial péssorewfioneonmore of
“smal | er quantities of |ower aliphatic hydrocarbons .

such as the NHrebsorbing comperentsif e progess SiteRss st r eam

o Pty i e s FEERRRGR G A ORbIE AR mRRCnts 26
hydflic8rbofl Gnd Bplictially RarboR Aisxide B¢ fedaonaefofmennt high tomperature and

source. Advantageously, the slipstream may, be e
pressuiomThe by droserbor s beofor prample %ftnaﬁ“%lo%aﬁt NAEA gas

RS bhEb | GuaiRitic8 of v
e R g Bl A ol st she
alipBaticIadraarions Sichas@dane andiproparied lhus,the prpeass stream may
unconverted hydrocarbon and .car,bon,.di.oxide. Sq: L:
comprise B LOMPPREHE HEFMCY esaéldtc]q@ogglﬁ%gﬁee nfl%e % alrugio(}%o{lag may be
frorﬂ?%lgfé)'gﬂ %iox"i‘d’éiéd}ﬁﬁﬂing YedyGRNEeail dr GOfPAY dihésotre. i

'y, 1n comrercial practice, carbon ditgxi de is =~
Adeapgeatshy the dipstréasn may be saken Siormathe feadstreai to the peiprme it 2

.of the carbqgn di.oxi.de i,s r.e I to the '
pointsppseqpent t%g\?é’r?flﬁé)é&fgfb n df g%&sr?%%?fré E(zla'm may be taken
f r Ofid i fémEhg RIS protides an exiostrem edmprising carbon

monoxide, hydrogen, unconverted hydrocarbon and carbon dioxide. Thus, the process

stream may comprise the components carbon monoxide, hydrogen, methane and carbon
dioxide. Typically, in commercial practice, carbon dioxide is separated from the exit |
stream and at least a portior] of the carbon dioxide is recycled back to the reformer. |
Advantageously, the slipstream may be taken from the exit stream from the reformer at a
point prior to separation of carbon dioxide from the exit stream. '

The steam reformer can be any suitable reformer unit, such as those available

- commercially, and may be a single-pass reformer or a two-stage reformer. . Typically, the

reformer is a fired furnace containing parallel tube banks filled with a conventional steam



10

15

20

25

30

point prior to separation of carbon dioxide fromthe
exit stream The steamreforner can be any suitable

WO efoenmss1 unit, such as those avail abl e conmer BCHIGBY08/001778
and may be a single-pass reflornmer or a two-stage
reformer. Typically, the reforner is a fired furnace
containing parallel tube banks filled with a

- conventional steanreform ng catal yst such as al um na

refoftHinp @athE/St suck ke hlumiinaiippbited dlekelBkided of the present
I nvention, the conponents of the process ﬁ‘tgream are in_ .
t hén theerthod,efthe present inventiomnths camnongaly of fhe professjtream are in
PApGaL i . RIGE ARé

the BB EAeSs b W SHAREEAS M AAbDL BRSULE, Phe LcipeRtae

press@t of thepgodesstream willdepemd iy thé native qf tlessieam rafororing process.

T bt S PR TE A R e
strezglaso rglaggeé,ﬁxo% I fFwhRHHAvaRmgfifarires 604 164st 2000°C, 8uchas|200 to

e process stream may be at i
500 &C nfos praeiple 200 s¥50r°€. dhelpragiesy streawrmabeatiatmospheric pressure or

. .pressure of at |east bar g,, such ]
high iy a0 HPIsSouR of % AR ek o e tfed OB 100
baredf the process stream The volune of the slipstreamis
not critical; however, the speed at which coolin 0{1
t h@h slipstreamponsists of@ perionof theiecess strea, cﬂ@a‘@émaf pthe

._decreasing.slipstr : L OG;
SRR oL, BV RE T S wREFSOR 0 GpRbdtn e
carried 6@l Picie@sdowit dédréasthgalipstraanevdlume u Easténcooliupof thg
~of the slipstream nay be effected.b ir-colingi
slipsreamynait allpay the metlnd ¢fghe,present Hsﬂe%%'{ o5 i more
fre E%I{ cted by the use of a water jacket. By cooling the
q |t§"streamto a tenperature above its dew point, i.e.

t he€dotifip of the slipsteamuhayche eftevtmirtraiscanlingh dletriagyely cepoling of
woul d begin tq copndense, the c onents of the
7 PR VBl TR,
the slipsiseam @aibs PHCHE? RY Hierish of A VPR JP&Bour phase. Thus,
th %ﬁ?ﬁ% the! sﬁgﬁfgahptﬂ abmPYfRanié bdve 8 [dBwpdiritOie. €He temperature

co nal data of high precision, since
at whizhsdempanéntsiofithe slipsprearawauldibegimtp condenss; the pamponsntef the

. hi practice, a sljipstream.i Wi I

A oot 3.0 e Bt THLE, el gy e
detetiifhafibh B&dnStioRalbdaed &mgﬁrfeeisfmt sinee @hdershtiors pixtasnponents
the stream Suitably, the slipstreamis maintained at

during aralysis istayeided.n t he range 200 to 3000C. Near
| nfirar.ed i i | In €8t MéastZ®d above
t o 18Rl PlBlreRiE RGP Ricked G BRpHSRC O Mt
the 86V péint 6Cthe slipstreamad avdie tiepformatiom of bl spptsdn thesstrgpyp.
Suitably, the slipstream is maintained at a temperature in the range 200 to 300°C.

Near infra-red (NIR) spectroscopic techniques can be used to characterise
molecules which absorb in the near infra-red portion of the spectrum. NIR spectroscopy
permits both qualitative and quantitative analyses. NIR analysers are available
commercially. The principal components of a NIR analyser include é detector, a light
source, a means of transferring the light signal to the detector and a spectrometer. The
detector is coupled to the means for transferring the light signal to the light source and the

spectrometer.
Light of wavelength 10000 to 4000 c.rn'l is transmitted to the detector by any
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permts both qualitative and quantitati ve anal yses.
NI R anal ysers are avail able commercially. The
w@eionaspal conmponents of a NI R anal yser i ncl udeCEGB2008/001778
detector, a light source, a4d4neans of transferring the
light signal to the detector and a spectroneter. The
detector is coupled to the nmeans for transferring the
light signal to the |ight source and the spectroneter.
suitéﬂlehfemefkﬂmqhemarh TyRfeHly} suck B@fsfermeaarissndlndenibre bpticicables,
to the detector %@a sui tabl e means known.in

t he
for enpmplelavy OFLeibeR Bbrs,ABYE Fatln SUARE] 100U Fgih tgpPpaines; the
e I S.
BRI U BRI Tt Ry, iyl
temperhtutes ahme@ooa@e Fopataatpleyitherfitre optie cablestrhast be @at@dthth a -
suscept ible t o de r?ﬂat i on at .tenperatures above

polyymistsanaterial, enxith, F?)gqa‘doptl c cabl es may be
¢ u?&%@oﬁﬁ‘c& Bt Hglﬁ% HtriceBed Britidal Mld may b¥ifohexaniphs, alquartz

as gold. " The source of light is not deened
halorgen hghia;bwa'n or neay infra-reddight smitingdiodesquar t z hal ogen

f I
B i R ol PR Rl Sl byl SRS
mfrmdqla 1698[00065311 hiot400088%Y. i nfra-red reg| on (10000 cmi

cm'l). For use in the net m&L t he present. th
|n\F@m1$Q)ln thexmether of theebressaiyaenion, Whereinihe fmpopspfare in the

'vap 1&"11 eyg és Pr%fegfﬁgrtgz{teggteé 2 bf &eqﬁ)twear e Ofs. n oyfédO‘Flow cells

ow cel vai
are S@iMABE comhleycially foreexamples frofir SpecKplsictedL | m t e d The

ch0| ce gfchhEﬁNl R {1l owglﬁg@u&éhoul gglﬁfﬁ'é# %ﬂggfoqlﬁonents can
be a‘cﬁi!&?eec{ GHdf e 3&9 aat%f»é#{depr Gx@lcbh&ﬁénsléfﬁ@ Bodledtlstream. For

ream exa | ow cell may be capabl e
examf)lebfhe fipvetetiahaybe mplablp oiﬁbamg alemomcalmmteéttg péeTppRItEre

abogeu&p é)p o n gg%];sllltp?feaﬁ{a lt\ﬁ&f[@gg%]rs Ié'{lﬁaeﬂtle fo\évsl’lgﬁ H the method of the
preégﬂl}’ﬁ@%r*tf&ﬁ 1{1&1@(&%@ TfyBEoo-Byp B&D(B‘p@c&iﬂm’(e&)? ecac Linmte d)

yoftheflowcell is made of a

qu aﬂulmblystha ibadye ef thetfloay cellys made of %b’@hﬂ“@’é‘é’ staipless S&Fga'ém as

16L ®y C Suitably,
S“’”l:ﬁﬁ %@?g‘p H@ﬁdugl e gaé%sr%sgeeeg&o@&%t erial which is

t r SRFEBKeie cEl wifidowiaae cmﬁfmismdroé d materiat whihcia kragsparent in the

resi stant and nechanical ly robust: un er tg%tﬁondluons

neapinfratred,dsdheseically r,sg*ﬁae'aaﬁd <G pally ERR g (EBpAions of the
ool sl s oy IR ey SERETY [ for EAfnBR, sepbhEo
matFe cell wihdews ars adhmecbtoethc) bodyi efithe fowioel bytasealing material

wh1£>1(13 {Tsp c%{»gglg {)F tﬁstax?c{ ertgmggrattuge %%%lcs%gresblf 'tl?eséoo?e%rghpstream
For example, appropriate epoxy based sealants may be employed.

The cell pathlength used is dependent upon the specific pressure and temperature of
the components to be analysed. Increasing the intensity of a spectrum results in a non- .
linear correlation between absorption strength and concentration. A non-linear correlation
is undesirable as it may give rise to false analysis results. Suitably, therefore, the spectrum
of an analysed component has an absorption of less than 1.5 absorption units.

The intensity of a spectrum increases with pressure. Thus, as the pressure of the

components to be analysed increases, the cell pathlength should be correspondingly
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For exanpl e, appropriate epoxy based seal ants may be
enpl oyed. The cell pathlength used is dependent upon

wo b@safssi fic pressure and tenperature of the PCT/GB2008/001778
conponents to be anal ysed. Isncreasing the intensity of
a spectrumresults in a non linear correlation between
absorption strength and concentration. A non-Ilinear
correlation is undesirable as it may give rise to

decileadede FaPatansile, wiRsddht presSite bitheconipoaéres wrte, analysed is in the
spectrum of an anal ysed conponent has an_absorption of
ranged@go 2 barg) e %Hmﬂ%mg@hma}rﬁrgﬁ in therange gite r@ iy f&fpl%?ﬂy’
5 t 1 . .
feedé&%aég%ﬁ%?n'ggg{t fieants f%&xll ﬂ@gﬁ@&g §tea£l?i=‘l%rm ré Q@approxxmately 17

e conponen e anal ysed I ncreases,
barg pressued, thuspa Edlbpeghlength inithe rérege 7.0 to 8.0 cm, such as 7.5 cm will allow

correspondi ngl ydecr eased. .For, ex e, where -the .. .
quapfification ef 8Falt1ﬁ@ef§6m’—p G#B dioxile3nd giher %BE"‘}eQ‘SiaES‘E’R‘é‘g in the
neal iARH§ed 2 tO 25 barg, the cell pathlength may be in the

range to 10 cm Typically, feedstreans to and exit
st rangstybesoofi NIRnspectrerhetgrare sommerdialiyorvatlable pad may be employed

. .approxi ely 17 .bar. ressure, .t
in tgbriPat 6F e pletrianyeatigh Foceefms SO affirmerer may beo
Fougﬁb} TraBsfoRWistnAR shbstRinmet (PTIR R ometet )t aaliodweartayn

I oxi de and ot her conponents absorbing in the near,.
spectroimedery @k is eH\knoypdr ﬂwfarqnpp@rgﬁyz!b@fraoﬁﬁi*eﬁpe%tf@m“ at high -

ommer ci.gl | y._avai | abl R '
resq‘iﬂéq%o eg t%lgtog.}og S@e%ts%f:%{/ﬁgvrv]ﬁ?% 8?&&§élpiéggﬁgif§g’fht{oﬁgll&fv% amore
freqRBRGINAIYET Of thelBiynpoterits bDaipioeéss Ftrears. Suitably) ftheafrequgncy of

spectronmeter (FTIR spectroneter) or i ode. ar .
measprsotenbsheuld be effective nable msg ¢p Etog}eta’cﬁjgﬁgi. 2%18% an FTIR
forfetkr] ! o 0anoRr @t ekl
e G A M
distoRivalfrbeispectal tb Gemclievadrat affrequereniof apprpyistatelp thirty seconds.

conponents of rocess strgam. Suit.abl .
Howevet o bip ofreselutins ahovme ahoghah 5 iepats {8716 onm, g gpable

fastQ{x%g;foiﬁeﬁﬁf%Hd%e&cﬂie%d.achi eved. Using an FTIR
Spectro

neter, 1t has.been found that a resolution in, .
t heThesspgetrd) rdgiomwhercrwateremgthiane angl eprbon digxide canpbe quantified is -

pe tg be achieved at a frequency of approximately
750§ﬁ?§%§f?§‘8conds. However, the use of resol utions above

4 cielspettlin @btaidediffcomeq én the NIR lspectrdirieten Theespeditugn is
faster ‘response tinmes to be achi eved. The spectral, .

correbagécbte referanse dateaf therrosesh S CQIBRIIGHS #F 9% COFMLER e
tecl&lg'lc%igé I&(E) igxcﬂl ﬁ%xﬁ,?ﬁg aafré&%ugﬂnlthe EBficenR&tidn offBagbidheed

2 spectrometer. The spectrumis =
confnkfits ahglgsddant o dieqrartial gedsaure bf e4vh componens analysegdm Techniques

conmponent s using chenonetric hni ques,.t o _si npl
thamrp oe wsed top nea perpalicast rppres RS RS b eFslon VLR and
prir%fipaﬁ ngponent regression (PCR). Software for PLS type analysis is commercially
available, for example, GRAMS software by Galactic Limited and MATLAB by Mathsoft
Inc. MATLAB may also be used for MLR and PCR type analyses. '

Typically, in the steam reforming of natural gas, the feedstream to a steam reformer

will comprise methane, carbon dioxide and steam. Calibration mixtures can be generated
off-line by a flow blending technique. In the flow blending technique, the gaseous
components are blended with a liquid component under the desired pressure and heated to

the desired temperature, to form a blended vapour mixture. The vapour mixture is then
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conmponents anal ysed and/or the partial pressure of
each conponent anal ysed. Techni ques that may be used
w0 p@Bas3sparti al | east squares (PLS), nultipl er¢T/082008/001778
regression (M.R) and princigal conponent regression
(PCR). Software for PLS type analysis is comercially
avai | abl e, for exanple, GRAMS software by Gl actic
Li M ted and MATLAB by Mat hsoft Inc. MATLAB may al so be

pas$tAeWkohigh a MIR fRAWECAIGR geivdpate 3petkits Contrdlaf thaliquid ahd gdsiows

steamreform ng of natural gas, the feedsfreamtq a
maysbeyhmeartsof mass ﬂpwwoe@ﬂliﬂr%sﬂi wid a3y eg?ﬂt)éﬂmdﬁ atnlgss steel

nd ' ' X6 E AT : :
o A b 3y S pEBERENGE, The vaou
retubh ol tRgNIR gloni clids cédled gritheliquidcopdemsate solectediih erkaeck out
wth a liquid conponent under the desired pressure and t
botfee akheczep gk fhen BE UReddn cPRFRIhDIE PRSP T o vent.
[he AR | ' elther! 180 B &stlish the
methro%gﬁ%éﬂétﬁﬂ%:%ﬁ%?@?grgéﬁgﬁre spectra. Control
calibfatiommodelqui d and gas flows may be by neans of mass

flqw gontrol |l ers..,.The.li qui be f f . :

Gt P afiglbh & (e lotsling caubiiph attnbe Aol drifdaRbration madel
may'6d vétiRel GndbPiHt Réded fhprovedby fakingishples Tiom propess streams and

return fromthe NIR flow cell is cooled and the Ié&g{l}g

analysing dhessamplesdiyl ssandard analysicalterbriaqyigs sushas |gas chrpmaly

s S RS MR 1 AR B B s

stecY BREE of Siiitable @padifysutinesn300smll Rrivras usd) tieshottldis pressure purged
_calibration nodels. In addition to the Of;;rig#i n‘? . choice of
witlan ingrt£e5 Whichds BOt Rresentiadhy BrOGess Sireara by Mmalyged-o fhe choice o
i ¥ Il : Iy, R iR € Gadiay b
mel?g% l%aggaﬁ%q‘gé&#dﬁ%hmﬁger%@g&s@h tpg}éga?r?g’ a_nalg%_s?n he. .
kryptofipiresiditions b amelH vdlunrecd fisbivent (abag il jisdnjeeted intathedatle via

h t( hy. .Sanpl i f v h
BTET e e e ——
con@%rﬁg lont3Qhd hﬁ‘epf"ﬁgy%%ttﬁ? lb@ttl_@.aﬁﬁﬁihttue §016¢ht ased3Rlst fibt be in the

or to use, e I's pressure purged with_an

procaseand mast betmistibleswithvall ponsdensed comppnents; 118 thesgase of @ gaformer

telifunoanpailonsuihi R MRl A it fahonbgfbe prsetn

metliatol T ¥id RRaktitiié "Whemingtilled b®the plars tied bottloiswopenaifup to the
sol vent (about 5m ) is injected into the bot “-laﬁ Vi a th
proeaspvemnbriefly anpson@dsseond) This swaé?urieb%alfa*ﬁmpi WP the

borfE R p e 108 o A e B RIORRE, T o o R g e
plait@hd i dag ahier [iguidesnteats dnatyset ofeling by gasl chraghathgraphy. Any
iR G R BORA B b Ve ARy b gy Epmasggrephy.
sl 24 UL i gl oo bt At
thatieis obeuried theeolate sarople filat was actually collected can be calculated. The
number of moles of each component in each phase is then calculated and this readily
alléws the vapour concentrations in vol% to be determined. This data can then be used to
verify and/or improve the accuracy of the calibration model.

The méthod of the present i‘nvention may be employed to determine the
concentration of one or more of the NIR-absorbing components of a process stream fed to

or exiting from a steam reformer.
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process very briefly (approx 0.5 second). This gives
supersonic sanple flows into the bottle to mtigate
wO ows/15835t he i nert gas or solvent. The bottl e PErGBR@R/001778

be renoved fromthe plant ard the gas and/or |iquid
contents anal ysed off-line by gas chromat ography. Any
liquid contained in the bottle should be renoved and

anal ysed by gas chromat ography. Simlarly, the gas is
ana|lpaetively, the snathivdufahe presdn invehtiemnmai be einployedto determine

the krypton that has gccurred the vol une of l e
the pasial prresurs Of ea*r Pslme@l gt s NIR-absorbiae COmBoReRtsl 2 Bragess stream

fed{{gmﬁftmg g% dﬁ,ﬂﬁg} conponent in each phase is

hen ca I's readily allows the vapour
c orWlere tlatprmess streaum&hpr(sebwa@emﬂnm@dd cathpoy depxide, then

n be used to rlf and/ ve th .ac f
abi g Yot oot ForoRRE e RS Bl Etac @
detetthe Md QIncERYatioh OFHHé SR 6relo? waBirSmBthRke drfdiecarbon dioxide. Once
concentration of one or nore of t he NI R- absor hi ng

suclcmmmmmnsl data is knpwndf neesssary thef Bow rasesof thy faed ﬁngP’éﬁWS may

be oy R biE s “Rebs o e BB o1 i e the

parAlteplativEl§sthe loBtaitiedGpectfim 62 eate?f methand\irdd caktsomr d)omge may be
conponents of a process streamfed to

r exjting
corrglated ¢ raferencsrdaty usnw@e@noménwe%@g%e%? 8%‘8%“86 ﬂt?rl?aé'é"g pressure
e
or o Shpr RS Sia RO ILIE, S0 pall 80 hydrogennd
mtrdglaﬁ Kevend dipoleant thegefore doonal absmlnnfm—ttetl eadigtiope r(ﬁcmcqnuntly,

thesaRse® G519t BUTIEE IO HAPEV AR oY b MESIE B (S foed
stre. .?oét AW¥riedbRE h g&: % g;?é%,émqe R NSO 8 refBlinert €0,

ereby i nprovi fficiency of the process.
Con#éﬁtmnald& icherhical plth,ohcladmg defornaers have pressurgedetgctors associated

and car hon di oxi de m [
tller?\glftlé & PEgssure agﬁeﬂ IS, ﬁlg:%ﬁg?.ﬁq(ﬁlc?rg, 041 SR eegtﬂ? fStal gas pressure
ofa ?Jc%s"gtt@ﬁmt b Hytusilg the RtHoddf @e preRnOinveition, the sum of the
met hane and carbon di oxi de.” Some gases sugh as

partiay messgm oftlee NIR-abspsbing sompenrents qf @ RFoGess| simé} Y pe defgrmined.
not abso infra-r r.adi I
O%f’é&ﬁ pressire, 391 wncmeﬁlﬂ?_ze vveglérﬂ{&i r?l\f t’d}et g%ﬁhlél}\;entlon
mﬂhﬂe RbSORAS kad preésuee datefiom| for @rarhplesa pleﬁsnrem:ansdmi:r will enable

hydrogen I's present in the eX|td§trean1frOWIa

the pressyrenafithe [HARIAE BAIFANS SPMRARERISIRF SXAmple.Nitrogeoy and; 8’°ge“’ to
erm r f nitr
e B S S DSt oo
preseitain sigkeatural gai@hmgcs,rmlubln gay ocellr, ’@agxqmplg,slﬁﬂ@ supply source of
process.stream Thus, by using the nethod of the
na “ﬁl&%m"hﬂ‘&émi on, the sumof the partial pressures of
they |anﬁR§éér e R SR & Srodeht AvEKtRASS Seibilg o rapidly

be determ ned
determine composmonal information of a vapour phase process stream, at process pressure

and at a temperature above the dew point of the process stream. In practicing the
invention, measurement of the concentrations of steam and/or hydrocarbon, such as
methane, and/or carbon dioxide in the cooled slipstream according to the present invention
can be made continually, for example, as often as every thirty seconds.

Where the method of the present invention is operated continually, it is preferred

that the temperature to which the slipstream is cooled remains constant. This is
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A conparison of the pressure value determ ned by the

NI R nmet hod of the present invention with the absol ute
w@awspsBsssure data from for exanple, a pressupP€r/GB2008/001778

transducer, will enable thegpressure of the remaining

gaseous conponents, for exanple, nitrogen and

hydrogen, to be determned. This is of particular

val ue in situations where the ampunt of nitrogen
advdlit&e64, sinbe tHednteasity ¢flthogrcedebigiasd withbe naffeeted bychanging

for exanple, if the suppl;i source of naturalb 'ggéé‘fiﬁﬁb .
tempdratiese therebysimplifying4he cgrelation afthewpacis torgstabl ration
mod'eigvention is the ability to rapidly determ ne

conpositional information of a vapour phase process

st Fagther, adntinuabaesationef thermethottiofthe presentjimveation allewsthe

methofio RSB In s A ERE AFOGES oL IOl SR Goniafiy ooy
mor%l{&fé‘)}? gmh%ﬂé&ﬁﬁﬁgﬂ Bf uridaVerfd nethdRHE theddkit/ searfi Froaoa reformer,

e In the cooled slipstreamaccording to the | |
the flow sate (conperdratiophofomething totheareformer maybe 9‘%“’9“&1 to maximise the

o B Bt S B BB 5t g

pro&ggjtinually,_ it is preferred that the tenperature to
whi ch the slipstreamis cool ed renmai ns cqnst ant

Thi s
i sdweardinglndhe present inveptien futherRrpyidess method fprsffscting process

oht.ai ned wi LI ' is a
contfoldf o el BSSkeh SakEifo ks FIVAEA PRk STREAA wilch i
feedRfiéamintd Grheckxitatreln dtonoa stemd e¢forménwhérein the processsdiieam has a

operation of the nethod of tg’gv@; sent invention vaDour
tempgratyyesofak keaged000E, the corapansnis.of OgasH ST Are b fieep

0 : continually nmonitoring the
pha%b%é%hsaaﬁglﬁ&fg?rxgﬁ?gﬁ%}érted met hane in the exit :
st gam ftaking a slipstreamdrom thegrddess/streame (concentrati on)

of thane.to . the refornmer may be adj . axi m se

¢ héPhrosApling the SpEERR 8&?"&%‘9‘?}”’&%855%?‘; ?%‘éﬁ’g‘é‘y

| MREYVI Ralh iR e ¢dolednGipstiam Byendal inffarted YNIR Yspesisoscopy to

Accor di ngly, ghe present invention further provi desfz%,l1

net hod fobtairé spestiumcharagtesising theN Rrabsosbing gprppgents of the

reform’\%ﬁ%rpc s, said process having a process

st r eam WHE TP a feedstreamto or an exit streamfrom

a gEpamcoftRtAE the s[pbaﬁxm obthined fy extablishesk catibratinn snadels from

tenperature of at [east 2000C; t'hevcoggonegt’s of g{ﬂ ch

pr ocess NIR spgatrescapy psing ehemogistiic isphpugues ip dpigping they

et hod Q:‘&HPJnitriﬁ& o% %}dﬁ)%i d@&nﬁhﬁl th@?érﬁﬁpﬁfb&h&rﬁﬂdﬁ@ or more of
process stream . coollngt e s |pstreamtoa
t enper atth¢ NIRabsarbingsonkpungnts ofithe process stream; and

(e) adjusting the concentration of at least one of the components in the feed

stream, in response to the determined concentration(s) and/or partial
pressure(s). )
Process control of a chemical process, based on the information obtained from the
near infra-red analysis of a slipstream from the feed stream to and/or exit streams from a
steam reformer can be either manual or automatic_. Preferably, the data obtained from the
near infra-red analysis is fed to a computerised control unit, which automatically adjusts

the feed components to the steam reformer to achieve the desired flow rates for the

components.
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(c) analysing the cooled slipstream by near infra-red
(NIR) spectroscopy to obtain a spectrum characteri sing

wo b@shsRsabsor bi ng conponents of the stream apdI/GBr008/001778
correlating the spectrum obtai ned to established
calibration nodels from N R spectroscopy using
chenmonetric techniques to determ ne the concentration
of, and/or to determne the partial pressure of one or
nor gltérhati Nlﬁla%zbﬁﬁy Ibe el oQNdisplenist afd is terpretaictsysan operator
stream and (e) sting the concengtration of at

who adjysts thedlayy fa@%é’ 6h EPfBOnCAtsIRAN d stream in

r es-?ﬁ)a &8?(2 gg ﬁlrg é)?@s)gﬁtr 1&1&&?& Al %SWHe"ﬁlhéﬁ%e\i t@ﬂﬁé ﬂfllowmg non-

par ocess control a chem cal
limftingesamplelaad edthoeferdree ito Figurestli and 20 kihgun d depresantst lnéchematlc

near infra:r danaIyS|s f asIL stream fro thefe
formy, sRpAFANISSUisARls G9t Ut csailishing SrHsRRoR 1BORcls o Lang
mng@l’éa qub eEitEd 6y AFR MY, FRkeNBhbws a RIR spéctiny of zI {?@our phase

tained fromthe near infra-red analysis is fed
mixtareaf carbpuitiexidecuethane and wataf.t , whi ch automatically

ggjh o hﬁw&gg}%fégs%pgﬁgﬁ“ sk @oy ? t?é}&ﬂlr)et{%n%hea 9vap(.)rator

" mixke? (CENG (1)Sa NIR §lowaéd1VE@), yibré bticiables (#)yanda NERsgeotrameter (5).

display unit and is interpreted by, an operato
adj lnsiss, & ¢pmponeny in sheckiquid phase is fed dlaclamig geate\ﬁhcontrolled

| evaggraﬁrlrﬂ\é?r (g?%gg%tlh?) &For tPﬁ3 tdfofm &Va Pblﬁv RRsL AR chbné’h@é’\ére fed

ow ng noniimting exanp

viadings MMaid8 teethe heateda cdin:troTieg wiqmrétomd(eﬂ (2) Fihgoe @ey{ are nuxed with
represents in _.schemati.c gﬁptﬁ%r atus suitabl e

theygpourised iquigy The flays eﬁFheB’r%t ERSPQUSHOMPORES t°pﬁ8§'8a‘ed
corﬁ E&g E\ga??%gé}n%j?%?(ée leYag ﬂe%‘%tﬁét@&‘ 8} BfRrmAli HAss Qlozv Sdn@roHers (1).

ase mxture of carbon
Th@lv:xpouﬂmxtﬂtetﬂmdueeda ndthwdneated caitteollagh peaparater mixen(2) depassed to the

h
Ry T TR —
(9) ARd VéntefBia %%oﬁdf)ns@ﬂq OF: wHiéh IoHoRES 61?2? VI uRks a@h: présﬁurti S@ulaor

onponent in the qU|d phase is a line

¢ lmeduewcamlsrtbe p@@sm aptheaymmmme NIR flowpedh @) r&wwgleg by fibre

evap v,

optfsblss EhiTP aadR el B3y, The RERaLRRMRRER A6 cell () i
ana2ysa8 6y fea H{%péeﬁoﬁgt)er (ﬂ)@isﬂagtdnﬂﬁpla seansiakeatiable fesalition between
vapourised liquid. The flows of t uid ang g

w@gm 490 emplomst avaploying e o SOl ERRItIEPR o7 BOBISIPSR B

X er (2) may be reqgul ated by thernmal mass flow

TSNt ol l ers (1).

* Establishing calibration models of the concentration of steam, methane and carbon

dioxide in a mixture thereof \

The apparatus arrangement shown in Fig. 1 was used to generate NIR spectra of
calibration mixtures of carbon dioxide, water vapour and methane. The apparatus
comprised thermal mass flow controllers (1) and heated controlled evaporator mixer (2)
manufactured by Bronkhurst (UK) Ltd. The NIR spectrometer (5) was a Bruker Matrix F
FTNIR spectrometer (Brﬁker Optics Ltd) having an integral mechanical multiplexer and
fitted with a thermoelectrically cooled InGaAs detector and a quartz beamsplitter. The
NIR spectrometer (5) was connected to the NIR flow cell (3) by low OH silica ﬁbrg optics -

(200 micron core/280 micron cladding, 0.29 numerical aperture, polyimide coated rated to
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The vapour m xture produced in the heated controlled
evaporator mxer (2) is passed to the NIR fl ow cell
w@ 3)08/1E361 uent fromthe NIR flow cell (3) is peEEEH#2008/001778
t hrough a heat - exchanger (9)]0and vented via a :
condenser (10), which knocks out Iiquids and a
pressure regulator ( 11), which controls the pressure
in the system The NIR flow cell (3) is coupled by
350PChavilahle ifont 8dit@nid GnbH). ThANR fpeatetianed was § Sthinlehsteel

Typhen Rierl] (SRAGA H g DR v ikl EngALoL | SE0 and rated
to 59 %Exll AR fores WWOWC%WQO&QQQQWQ%IMW Redted Bflabove the
e e e er

npl oyi'ng th 'ow ¢ un nitrogen or a fibre | oop
dewgsinteff ¢hecvapeur msdtaes.i shi ng cal i brati on nodel s of the

O B S B SRR s
as folid¥vs. Wﬁ?(ﬂt%el@ W8 epetiSedNnikedneie mdthahe ((Bloi 3nl/at)iaad

m xtures of carbon di oxi de, water vapour and nethane.

carbibh alicyidea(0o 38l/bn) ipthesontrelledravaporatas Bmixar gnd festio thy fley gell at

200&%%%@ gg?l?ff g%? & n%k%\‘ {??%Pﬁgaﬁﬁfs@%(gduc% gﬁhu&?r)ixunes containipg
8 toSRMatd WaeE PdpolR )2 te@hata mBethliny, abdl to 4 barafcattioR dioxide. NIR

spectrometer (Bruker tics Ltd) haying an integral
speqirac Ake iNtures, werqcﬂee%é% betwyesn %Q@Q apg A0, Wavenumbers at 2

wavenit ﬂ‘eqq'%%)?&etidn‘i%klg% g8lvecgll hﬂ&@'%&k@%%@ﬁﬁrmégﬁil?g ﬁﬂﬁgﬂaﬁne as

peanspl spectroneter (5) was connecte

 refetedcé.he NIR flow cel | (3) by low OH silica fibre optics

Spch Bmile SprskyTAHU T EEIen: PLyiEten A90° 600 BYAT it .6

| ) bard; raﬁ&\éf‘e‘i”vﬁ@c{ﬂég}@pbﬂra) %%Srp'ﬁbﬁ%lat i(oﬂw fdbilre U308 bafasand 240 °C is

tarnless Typhoon T cel SPECAC Ltd) having,
shown jipRiguee 21 Poioersqmponent speetragan beffoundsiareomneereial libragies such as

50 d 300. The f I | '
e300t B3 PR B b oo Bl 5 e o iy,
RicNIZRP WasdHingteH)e The datal dBtaiddd Froni the! deheratedNIRadpectra/ wpoused to

net hane and carbon di oxi de were prepared as foll ov‘@.ﬁléfor

establistethe calibrationogodely. Raralleashsquatas calibraien models wefs

0 to 3nl/hr n N dioxi / j
methiis, Paier e iob R af A Rltplti A5pk BLORuATY ClfholBriopSoftware
(Th&im2BRciréh C8Mofifion)asindspeotrdlGegiansavioiding expesswa water absorption
Thi s produced vapour im xt %r cont ai ni 519 8 to 12 bara
(95Q10ct400 2 Hl08rto 5529 andsS1HQta ﬁgWSﬁ"é{“mc?ﬁff 1to 4 bara

Exafj@%l?‘in di oxi de. NIR spectra of the m xtures were
ed between 10000 and 4000 wavenunbers at 2 .

wavA slipdreamrfas b steamrefosinagfecdstreanoampeising sirgay, carbon dioxide.
andr:rllétﬁgn%%? a %etmltael;gturrgeq a%{nl'or)l(gz'h% €Rnd at & {)r%ss%?e oF Jp%c?)p 99 barg is air-

cooled to a temperature of 250 to 260°C and is subsequently analysed by recording NIR

spectra between 10000 and 4000 wavenumbers at 2 wavenumber resolution at intervals of
30 seconds using an NIR spectrometer, NIR flow cell and fibre optic cables of the type
described above. The partial least squéres calibration models are applied to the generated
NIR spectra so that the concentration of each of the components, methane, steam and
carbon ‘dioxide in the reformer feed stream is determined. In respdnse to the determined
concentration of the components methane, steam and carbon dioxide, the concentration of

methane in the feedstream to the steam reformer may-be adjusted.
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A sanpl e spectrum showi ng regi ons of carbon dioxide
(2.60 bara), nethane (3.64 bara) and water vapour

W@ 2@88123bmr a) absorption at total pressure 17.PGI/GB2@8/001778
and 240 0C is shown in Figutke 2. (Pure conponent
spectra can be found in comrercial libraries such as
t hat published by the Pacific Northwest National
Laboratory, US Departnent of Energy, Richland.

ClaMéishi ngton). The data obtained fromthe generated NIR
spectra was used to establish the calibration nodels.
Partial | east squares calibration nodels were built ,
for oWy r i

R e e e R e

feedStream tadr amrexitistieary feome e stean refoghnemwhivhgirekess)stesanekasiay e

wat er sorption-(,9500 to 740Q, .7100 to 5520 and
tempeayipy) 3 RpehATHGrES ComRahepftat MhichRpisS: ety fR i Vpour
phas RABhTRERSIEImprRREESt r eam conpri sing steam carbon

di oxi de and nethane at a tenperature of approx. 2780C

anda)at 4akings slipstrearn fegap the)process WegAM; i s aircooled to a

P o goue e SPetiedntp A pRiétuis WOYERCTBEY g
40Qe) Wauaslysiag tife cdoled stipstevatiyaear infiatred (NIR Jestpectroscopy to
interval s-of 30 seconds using_an N R spectroneter

Nl R
f1 ow celobtaiha spacnm chgracterising NR-absorbing qopnongmss of th pgocess
above. The partial |east squares calibration nodels
are applred to the generated NIR spectra so that the
condent rcatrelating thespedtrunt obthined tngstabtishes calibtatiam enodels from
steam and_carbon di oxi.de .in the.refornmer feed stream

s det eMRIPECTASHOPY USRS chemomefri eehigisity, dgicrmine The
concent &_@ﬁéeﬂ&aﬁtgn 51 8nd/ 6B R RRhe TR ﬁﬂﬂ, prédseRBfand or more of

carbon dioxide, the concentrati on of. nethane in the
f eedst r ebaNIRr-absrebing campersnts ofdhe pragess stream.

adj usted..C ai ns: 1., A net,hod. f.or the qn-1j IS
2. o At dedriinesa el e BRebGs kel Amial e
cordpBR&H §t8aR) théthiXe A Aitioh didxi®am from a steam ref or ner,
whi ch process stream has a tenperature of at | east

3. 2000methodaceasdingrie alaim drwherein theregess streany eomprses then

t-he vapour ph ' j : taking a
comppfcpt{ Rabin PBSRoR VRl Tthe SAABARBE oA | 21, 0
4. sl ipaiettpdnictsrdmgtte anpond ofithe pleceding ¢laintewhgreinrthe procgss stream

anal ysing the cool ed slipstreamby near infra-red
furtheqcARPEEANIRESPopy t o obtain a spectrum characteri sing

5. N X RERURKOGIHRTE AR BhSofthe pliBedihPO8iSs WhérBithe ffitperature of
the process stream is in the range 200 to 500 °C.

6. A method according to any preceding claim wherein the slipstream is obtained
from the feedstream at a point subsequent to the tie-in of a carbon dioxide recycle feed.
7. A method according to any of claims 1 to 5 wherein the slipstream is obtained from .
the exit stream at a point prior to the separation of carbon dioxide from the exit stream.
8. A method according to any preceding claim wherein the slipstream is cooled to a
temperature of at least 20 °C above the dew point.

9. A method according to any one of the preceding claims wherein the cooled
slipstream is maintained at a temperature in the range 200 to 300 °C.

10. A method according to any one of the preceding c_laims wherein the process stream
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(d) correlating the spectrum obtained to established
calibration nodels from NI R spectroscopy using

w@bh@sosssri c techni ques to determ ne the concePCT/&B2@8/001778
of, and/or to deternine theldartial pressure of one or
nore of the NI R-absorbing conponents of the process
stream 2. A nmethod according to claim1 wherein the
process stream conprises the conponents steam nethane

is atayressaretiotheiange teto 0 bargret hod according to claim 1

L1k GHRBACKRIGE 0 ORSCH o SRR SR o0 O erigumeti

.techﬂiqu_e‘ idRied fﬂﬁﬁ?ﬁﬁiiaﬂﬁait Qqas, Bltié 1ihdde rdPr@sReiafd principal

claims wherein the process stream further conprises
componend gegness®n. A nmet hod according to any one of the

ed] i i e .
B R S
spedtikEy i96siducted @sing af Appdratas esthpdsied aNIR spetroimetdr/fibre optic

slipstreamis aobtained fromthe feedstreamat a point
cables;9ad gdMRiflavpcelhe tie-in of a carbon dioxide recycle

B

reamis o e exit
Traisfforanimfrairedispeotrometer.i or to the separati on of carbon

o O e Lo S S B el b el o
spe%&n%ttér?g&%g %%g ?ﬁgglftioﬁtin {R3iged1 RS @hdve the dew

according to any one of the .
15. pr e method ac¢oadimg tovamy eneofidiaims d3ite i4 whersin the £ibre eptic cables are

intained at. a tenperature in the range 200 to 300
lowﬁ.&s‘i‘ﬁ?‘ﬁﬁ("ﬁ@%‘ﬁ%bl%cordi ng to any one of the preceding

16. ¢! 2 FRMINAESIrdink 6 afy ORESEC£ink 231 $5 Wheriihe $ibkg epticrtables are
the range 10 to 100 barg. 11. A nethod according to

coatadhyvitbraepadyimideempterialeaniatgetel- ai s wherein the
17, ORS00 Bl SH 6 AR bk g
compEisaal Wiihles@¢ed $6dYiand sepphife whidoas. according to any
18. op T etiog apspriise o ok SR of laiis 3249 ?‘é&vgggeﬁfﬁrg NIR i cell has a
patfEHRL e o DS IGRRE, T TTRLCY according to claim iz
19. Whex miethotiecduliigs elaim d Rwiherein thegpatidengtteis iff therrange 1P to 8.0
infra-red spectroneter. :

cm. |
20. A method according to any one of the preceding claims wherein the spectrum of an
analysed component has an absorption of less than 1.5 absorption units.
21. A method for effecting process control in a steam reforming process, said process
having a process stream which is a feedstream to or an exit stream from a steam ref(_)rmer,
therein the process stream has‘ a temperature of at least 200°C, the components of which
process stream are in the vapour phase, wherein said method comprises:

(@ taking a slipstream from the process stream;

(b)  cooling the slipstream to a temperature above its dew point;

(©) analysing the cooled slipstream by near infra-red (NIR) spectroscopy to

obtain a spectrum characterising the NIR-absorbing components of the

stream; and
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14. A nmethod according to claim13 wherein the Fourier
Transforminfra-red spectroneter is used at a

WO e®@sl1sa3son in the range 0.1to 2 cm 1. 15. A neCTG#2008/001778

according to any one of claldrs 12 to 14 wherein the
fibre optic cables are low OH silica fibre optic
cables. 16. A nethod according to any one of clains 12

to 15 wherein the fibre optic cables are coated with a
pokd)i i detrelating thaispesirum ohtained tojestablished cabbration: models fom

to any f .claj : ' .

cell co PgEéﬁéggﬂéﬁ#éé%%“é?%ﬁpﬁéggg“gEg’ggg%ﬁbggk

wi ndows ¢codd@ntréticiedfhanl/aaoc dewinige tie pantyal prasswrt of basé oremore of
12 to 17 wherein the NIR flow _cell has a pathlength in
t he ran#ie NIR-absprbingcomponents of theprossss kG o cl ai m
18 er ejy [£5¢ {elatt ;

om @20, fisdiiinERbAeRRaIR drat (o of W3 potercd b foed
cl ai s sireaneiin rdspensspe therdetermined wonceairgtien(s)cmd{on partial
has an absor&%'on of less than | .S absorption units. 2
1. A nmePHSHT i ef fecting process control in a steam
reform ng process, said process having a process
streamwhich is a feedstreamto or an exit stream from
a steamrefornmer, wherein the process stream has a
tenperature of at |east 2000C, the conponents of which
process streamare in the vapour phase, wherein said
nmet hod conprises: (a) taking a slipstreamfromthe
process stream (b) cooling the slipstreamto a
tenperature above its dew point; (c) analysing the

cool ed slipstreamby near infra-red (NIR) spectroscopy
to obtain a spectrum characterising the N R-absorbing
conponents of the stream and(d) correlating the
spectrum obt ai ned to established calibration nodels
from N R spectroscopy using chenonetric techniques to
determ ne the concentration of, and/or to determ ne
the partial pressure of one or nore of the

NI R- absor bi ng conponents of the process stream and

(e) adjusting the concentration of at |east one of the
conponents in the feed stream in response to the
determ ned concentrations) and/or partial pressure(s).



