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I N PROPERTI ES OF FLUI DI ZED BED SQOLI D! NT OF PRESSURE # CE
FLUCTUATI ONyo bo/athi LD OF THE | NVENTI amﬂﬂﬂm@ﬂ@mg@ tion rel at epciraysdobioss €SS
for detecting, and nonitoring, changes in perties of a fluidized bed
" of particulate solids; particularly solid§%4rticles aggl oneration and/ or

e A R e

e
g Mo e

known which utilize fluidized bedFbHEAMATIMINWherein a bed of a particul ate

solid, or solids, for conducting various interactions and/or reactions is

contacted with upfl ow gases the velocity of which excﬂﬂ(ﬂﬂlﬂﬂmummggml o

S

fluidization velocity, and which may even exceed the
of the individual particles causing bed expansion and fl ui.gj,gZation of the
particles w thout sweeping significant anounts of the particles fromthe
bed. Fluidized bgg re~edploved.i.a. qany i ndustrial applications which

i nvol ve interact gg~ﬁ=_ e VA :~dg-en a gaseous phase and solid
particles. In a particularly inportant type of process, now under

devel opnent, it is known, e.g., to produce synthesis gas (H2 + CO from | ow
nol ecul ar wei ght Thisdheertidiorelatepto agprotess foi Bmeﬁng,emd BN clampeence

of steam and oxygen at high_ tenperatures within a tluidized bed of

catal yst, tipthezrppertics R a-fhuidigedhed-of partieulat solids; opartigutarlyssolidsd

ticul at | i ds dil . t id i trolling th t f
eact i on.  TRECEISARBAmEON s 2B Sy baned oF BBy ey gen in 1
5J UL 200 #&ﬁp i
condi ti ons a}?}(&rgrm gagg}{ﬁ* cont(r’g&,%&g?ngialllHﬂg%gmﬁgia@;ﬁ%ﬂﬁé&eﬁfEe&es
operation aluvel whithaands dirediywetsted ¢ Eharmgihp paficlessitid, ace of the

particul ate catalytic solids thus becones sticCKy and tends to aggl onerate,

| eading to | owered catal yst efficiency (lower conversion), and |arger
particles that awrgﬁj;&ﬁcult to fluidize; and/or the production of
fine partic¥fes d e inpacts and attrition wth concomtant |oss
of catalyst fromthe reactor, and clogged lines. In sone other fluidized
bed operations, e.g., gas-phase polyethylene plant reactors, particles grow
in size due to tppodesies@e khdWnORhichARLZRFINdiA bedfi¢hhidtied wWitére R a bed

pat hol ogy taking place. Control for such operations is known, or required

t o mai nt ai nofapditidulate selids omsolidse forr comdagting various intéractionsaadére st i cky

and aggl onerate; and devi ces ,have been deyel oped, an sed in the past) with
varyi ng degFe#680Bs tsqaniacsed t»\egwﬂemasméeo ps&tyegavtiugh 5!5F‘F"r£}hgf such

ok 6. o.  EHPRRG dhiifRdon YR dRRGHith i totn e BRI s

means of seafmdméuamﬁgk E%ﬁ%%kécflﬁﬂnﬁeﬂrﬁw ﬂ’tﬂﬁizfaﬁBﬂ%ftﬁe garticles _

differential pressure s evice utiltzing a palr of pressuré taps is

| ocat ed axi alithouoswetping sipmificidteaménns of the partiblés fromnthel bede| Fluidizeds a
fluidized bed to obtain an anal og signal. Daw and Hawk enpl gy the, anal og

si gnal wi t hbeds anecemplpyed in manyiindustnalepplications avhichiavelyedpteracsionsigs f eed
gas velocity to the fluidized bed, In cordance,with U S. 4,858,144, as in
the control y%ﬁﬂﬁﬁgstfweﬁ&\ﬁ &4?&°P&R}275%ﬂ§f%@“f@%1§5'et al likewi se generate
an anal og signal representative of "the time varying pressure drop"” across
a "segnment of the bed". They enploy a differential pressure recording

devi ce, digiti zeli hpatiallady $mpofthnt'typs of protéisbaowdindeeldevelopnientdaia in a
PC, and thereafter use a Fast Fourier Transformof the data set to

det er ni ne r koownj e.ghlte prgdudecsymthasisigas (Hxt O) from hewfmoledidar vdight 15
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3 hydrocarbons, primarily methane, reacted in the presence of steam and oxygen at

high temperartures within a fluidized bed of catalyst, typically nickel-on-alumina,
or a mixture of catalyst and particulate solids diluent used to aid in controlling the

heats of reaction. The combination of high temperature and presence of oxygen in



data set to determ ne recogni zable cyclical events present in the1§l g d)@ed
bed. Conparison is then nmade between a bed which is operating "properly”
Vi s-a-vis qneomaaersati ng "inproperly." Thus, if subsequent daperaiSomoosss
exam ned by Fourier transformexhibit altered states and/or different
cyclical events it is apparent that the mature of the fluidization process
has changed. These changes are thus considered as indicators of

flui.di zation "pathol ogy"; a type of signature analysis as applied in
rotating machi nery devel opnment. Van Omen, et al (Proceedings of the ASME
Heat Tr ansfech Bactisndmwdveat-oredtes 86ddibionk SATLh nak3@fve 0 4pntok ctabslity,
application of chaos theory to pressure neasurenents of fluidized beds and
at mospher i @ngstepdyrssaterpagraien pemRly negessary; dowgver difficylin Thengifacstofa)

of fer processes for .analysi.s of .events mar kegﬁp%adiffe ent ioal ressure

f1 uct uat i ofE PHYCUIAPE CREIYIG sQRJS thisibecpmgs s o kens te €Al particl e
size, or b : | 764 L ¥ OS5 Rdrsi !

rel at ed toqj‘%/h?rllﬁl%g? @N%ﬁdﬁﬁ%ﬁiﬁﬁ@ﬁ@ﬁ%ﬁf%pergfﬁg?isa?ﬂﬂggf%rr?u g{l ymsagn
gas oper at egfmore dfif s floidizdicahdot tie pducabn Of fidei patitleedaeits a
pressi ng need. 3. STATEMENT OF THE | NVENTI ON The present invention, which
meet s t hi s abeasiveamopactsand attridlom withtconaopr tant dessvaficatalyst £somahe rdagtor,
differential pressure changes across_a vertical, or axial, segment of a
f1uidized BB cloggad ingsrInsqme ofharifiwdizedadonerations. g1 gaszBSBed used in

conducting _fl ui t hesi s gas..gperations, anal yzes the nean.
differenti RP%@‘@%?@H@ rgAcaT TERUCIER Brom 0 Srs At %&ﬁ? ng{mﬁ%ﬁ“é’ﬂam y the
normal i zed Ak AneaY LAY FIidi Mﬂ;}, f tel bout the
mean val ue,ré{ac}l‘igﬂr egtellgi yi ‘%F@@:‘S ecpgfhg%%%ﬁégga?et W at egbg%hcihi me

i nterval s spfdtivneris kposimor requiped edmiainthitrecéndidoneso that tiesgrovddg f or
particle size gromh to lead to process failure. The process requires the
use of fasPariGpoAeaashesamestickyandiagglemeraie; and devicasbavel been developed
ol 1 et 1 hendaissdar g BBl vith TS g itees B Bicsess qmainiaioie SRRONR] o 3
mnutes. T 0 i &1’!3?2 i the data is preferably repeated
at tinme in{gg‘rb\‘igl:yjs&(r:%incglln%g r@mgﬁéﬁ%ﬂgoﬁlgnute to about 5 mnutes, over a
15J UL Z003 WO 00!43l 18 -4 PCTI USO0/ 00984 record of the SD and NSD, at
steady state operation it is found, will initially show a constant val ue
whi ch can be di deackgrdasicatveith tbSpad35:97R2 & Payv ambHawksSe gordiffementiatr eases
or decreases the change ,can bgagiq_ ectlﬁ_{rel atfed to increases or decreases)

respect i velPFESSUFE 3RNSINE Agvices gen gmpleyad a%? rans of ERSIBEANd,; axi al

ti | . ich . £H i : .
reasur oment oGO ALE bBE SpBEIRTS, Wt s Bicteichiaf BlesfneRpBER @vice.
about 2 bedyidizaieh Pas oPprebsiralhys fsrleameaQixlialg« éfe hpthifdvatht @therooreftout 1.5

bed dianeters to obtain sufficiently |arge and useful signals for analysis.
The char actdéffessnit deveals aargss af fduidize dobssttosshtabsamenalogsignad. PrawnandgHawk
operation of the process, will pe nore ful]ly understood, by reference tq t he
fol | owi ng GERRICY dbe aralog signaiyithia alectrigal Girewit Aad work iR FeAd thae (hHFQIHro

reference i de_in the. d rigtion, . The various features and conponents
in the dr a\kﬁ%g%@%s Y‘Le‘f’g}‘@@?‘?%ﬂﬁifﬁﬁ%ﬂ&%‘is, simlar features and conponents
being represented in the different figures by simlar nunbers. 4. REFERENCE
TO THE DRAW NGS Figure 1 schematically depicts a preferred process for the
process of this Inmeeotdarce whe U.Sqd(858, b4 rasiinghes pontrdl metHod éfdDaw and
controlled fluidized bed syn gas, FBSG reactor fitted with control devices
in accor darewki supranMarsalyetel Gkewiseganerateamnaleg signaloreprgrentagive ter
detail a cq,%rol device of this,inyention as descrir&ee eidr‘] Lﬂxe ecledi ng

h

fi gure. e ime varying pressure drop” across a "segment o ey employ a
differential pressure recording device. digitize the analog signal with an A/D
board, collect the data in a PC, and thereafter use a Fast Fourier Transform of the

data set to determine recognizable cyclical events present in the fluidized bed.



~Figure 3 depicts the results obtained in the use of a control dEViFﬁ~ME2M3
this 15J UL 2003 -5 Figure 3 depicts the results obtained in the use
of a control device of this invention to detect, and nonitor changes in the
size of solids particles during an FBSG operation as exenplified in the
speci fication. S. DETAI LED DESCRI PTI ON-BReferring to Figure 1, there is
shown a reactor 10 which contains a fluidized bed 11 of a catal yst wherein
partial oxidation and steamreform ng reaction are conducted sinmultaneously
at tenper agath e& tb ABLiMthe re@Enaabletcy8ildl bvdnahmeient ROBE Nuldzlat 1038 C
(about 1900F), preferably fromabout 871 C (about 1600F) to about 982 C
(about 1800Pmparisan i thendnadecbebuernp bedewhibh {5 eplesasing Sproperly” wismavis boeil at e

lids diluent,.t o,.di t i tably hi ity alph i.na.
Coner ai |y, SRRRTEPRIREHRS, THR L rtbhe Ry tia bl cRiist e B iR 00, o
percent, p&eafisit alkryd btaRTaARBHEIfRENR ey EAREL evefitsabR ldb{)&@ﬂﬁhﬂ‘ih@ﬁﬂhre &fthd he

solid diluents conponent and from about 0.1 percent to about 90 percent,
pr ef er abl yflpidizatian pracess Igs shanged: Thesegbanges2ee thus eensiderest astihdicatarsadfy st |

based on t Al w\yer o) e RalLi .S0l J nstituting.th
f1ui di zed g@&%&i&l‘m ‘W&‘ggé%f Blﬁ%rogglr “%g’ﬁésj If“?atéfsg‘ﬁs% dﬁgﬁﬁé&aﬁ%ﬁaéﬁgé?a"gm

pr edom nandéveloprichan¥an Qinhiégct wi Ploccediags ofthé ASMBP Heat TRnsfeaDivisiod0 Vi a
lines) 12, _and a_m xture of oxygen, diluted with steamis fed into the

reactor  10TE¥OL 3613 {1998, 02} giaruse armlisation efagenthenty Sressiiean be fed
separ at el yfé‘?ﬁ"‘?ﬂﬁaﬁ%éﬁﬁgh%d %Q%;)?g%b\efngslg&ﬁg%ega&e.s hown, via lines not

shown. An uent gen an on ‘nono e product, and carbon
di oxi de, steam and unconverted hydrocarbons exits overhead via |line 14,

cycl one separators 15, 16 trappi sone of the catalyst particles and
fines, returning the Waé‘dt}F?é’ﬁg l\ﬂg‘éﬂééf alyandyY s é&g“?’b"? ﬂé’%‘éﬁﬁ‘t"&?ﬁes THe

product  SyIMMEHN §f Hefs nfark &IBY &iffetdnBll SrE&ul SRS @ltioks, buk hék e mean
aver age di ar?eter of trsle solids paer'gni clﬁers (L:lonsti tultolﬁngut heﬂ}eﬁgsl\ae}ged bed 11
gener al | y effgctizvs irf trackingchang@Oinmpaticdsize og bulble biget propdties whichwtesleser

preferably, fromabout 60 mcroneters to .about .mcrometers. .1 UL 2003
B0 00! 25176 PRORS sty el RARE Sa‘?'?)‘g}ﬂ a@%?@{}&“\r e
consti t ut egyngeiRpalati¥ng b prodesd foreleBetter ESHLBROT WhidKitkee ¢4 preSiing AdedSUPPOrt,
particularly alum na, and nore particularly al pha alum na, conposited with
a netal, or netals, e.g., iron) nickel, platinum rutheniumor the |ike,
catal ytic gorS & llwé' Q-ﬁEofN;ﬂgquglgn and carbon nonoxide from | ow

nol ecul ar mbig‘?‘g—%%ggm%v with a fluidized bed of the

catal yst at high tenperature hydrothernmal conditions. Preferably, the

catalyst is a nickel-on-alum na catalyst, nore preferably a nickel on-al pha
al umi na catal yst. ThéDpHPEFEN IRENHIR, ﬁ}lglﬁ megts iy Reedk angd Athssrelates fepcent to

about 20 pereaRty il kEhaurd (L BifRRL Eﬁ?@u?@%g%eér&g%sﬁ%%nﬁé&f,gﬁgﬁg],20.

percent nickel, conposite an alum na, pr y an a um na
support . Tiegsentof atlyidized pad t pactiedartyythe veiticy! sepientgf axluwidizedpbedesed ino 10

wt. percent of the rti,cle.mass in the bed, the rest J.ng . diluent. A

ol ur ity el i3y bR s gpetans Shaeclnd SR ARyl pEFRES ent
vertical |gvédidin iy stiiRia8hisvialdNeD! pridravly hezeemlRebdlstandaardevi@ionce, €. 9.,
S1, S2, or S3 as depicted in Figure 2, belng designed for measuring
pressure dNPDepEtheipagssutsdiugtuation pbeus thgmedevrlne god sepetiivdly cellrcisandpr essur es

are thus neasured,b r r. t i of er evels, a
first pr esgﬁgf%ssgsewg ?éﬁ‘% afi%%ﬁteé&i’%s#éﬁ%%ﬁtﬁ}gs\pﬁbec oéﬁ)ﬂg‘%drfé%ﬁeoé%? ggg%l thin the
fluidi zed RQdirdd foMpattilesisegondh felead figprbedds fatiukd) ThY Bbcdsh @eduires theprsessur e
sensing tap is paired, is |ocated above or below the first sensor tap,

pr ef er abl yoffagigesgionss prepsvee tprAdHFre thabarg connectaddo gp apalopwiigitahd Uketidon of
a pressure;s C r rring
to Figure lél aeﬁ%géng §F¢srﬁglﬁgl\sﬂ%)cgq%?%fséégggﬁélgnagp %ﬁ 6\%1 eé%t;g%‘t%ggdsgof 3 Fﬁgr enti al
sensor, cof6Hztfoi £geridd dfabotiibtd hmimmeesh éfte cblle@ion andpnoceadingofithefdamdsh of

VV% 88 / 11212&% eef‘gl;lg (lj'el;[egtre(c)iuag Plrr;[er}gtevrvv%llsl rar?éing1 fr%?naa to%E 1 :rLr(l)ml?tte té \A\Qout 51mi?1uijes,u | 2003

over a




PCTI US00/ 00984 different levels of elevation within the fluidized bedul 203,
pressure being transmtted fromthe bed through the two tubes, dependent
upon the pypgssusfisat each bed level. The vertical distance betyeSib/dodss t Wo
pressure taps, or tap spacing, should be between the average bubbl e

di ameter anticipated in the fluidized beg, and one and one-half bed

di aneters. The opposite term nal ends of "éach of the two tubular nenbers 1)
2 are in contact with a differential pressure sensor 3 with high frequency
response, usually tw ce the sanpling frequency, or greater (e.g., 3 X
greater), estdrdofigic $Dtand NEDR adefeadyetiteogérapbhdgd foundhevitlvipitiulgsshove
conponents act on the two faces of the diaphragm 4, which deforns due to

t he dif f er asonstaghyalueadich canbetdiescpy askiadtocpanpictesize. anthaeSBcor NS&)
signal is created ichis function of the extent of the diaphragm
defor mat | oficrases of desransesalie SRARECHy Be Hircuy relorsl @ igeoases oF depaases.

di aphragm ressure oscillations into an el ectrical

vol t age reﬁ?%’?%"i‘{%f%?%@%&%ﬁa| og imge of the differential pressure. The
anal og signal fromthe differential pressure sensor S, is carried by

q | . . .‘ . : (

consti tute neandnfoRridBRlaif e beduili Varalalaamin i (iRt asross

represent i {git £diftstehasl ﬁﬂé%@%trﬁédséiéiﬁemg M&%magége@mg fali@e PRIhi on of
h erential, and thénce to an

the signal characterizing the pressure dif
anal og- t o- Bilgoft abed dianesterto Sboul!debeti diamered, prefembly franbhabote@.26riea t he PC
9, the data,is accunulated in the PC, and the accunul ated data processed to
provi de t heiameer @ gbout drt bed dipmeetersrte ehtainssusfigiendlydergesandusefsl pgnals
preferably_.the normalized standard devi ation, NSD, of the pressure
fluctuati oﬂ%"% S-the mean val ue. The coll ection and processi ng of the
data is repeated at tine intervals which are relatively short conpared to
the period required for particle growmh to | ead to process failure. The SD,
and NSD tine reThe¢hutacteritiew of agsreferest prorksks ad wélbag tispiii€iphedf oper at es
at steady state. Wien the particle size growth begins due to sone process
upset or ooperationiofithe process, w8l Be more fml%ja undeeGiotBby 8efegendead/thiS00/ 00984
the SD and N D val pes, W || b.e?in to.ingrease ﬁ&gg Wil | incg.esse in_ .
propor t i onfRHPYIRE dgidfiddessriprioa, angio the atkchad drayinasi tolwhichZetesenegis
particles. t. o | } I C it L,ons,
and changegé?gr%ng}ég?% I zgltoedpf}(g)é @ﬁsiﬁeﬁﬁ{rhgﬁéfgéﬁﬁotngﬁgf1?1,[51 ﬁ%rggg‘é’ﬁ‘gﬁ on.
Typi cal Iy, réferredi vo Bym%tkeeﬂ, sigakik GftuRdildeonmpsnBrd beingepkeselted in the
distributor or inlet nozzles and remain in thi's condition as they rise at

di anet er s differentfiguresdyl simolap anebers t he bed dianmeter, i.e., less than 1/4
of the bed dianeter. Small bubbles nove freely up the bed unhindered by the
presence of the reactor walls. The gas superficial velocity and density at
t he pressupe and de+Eel? OB £ u and the powder properties, i.e.,
average particl = feT determ ne the bubble dianmeter. For
exanple) during the time course of bed operation, the particle size grows
due to aggloneration, or decreases in size due to attrition; the bubble

si ze i ncreasi ng Figurddcgohamiangally espietd a pedfgred proesysdios ehe prddess phthiscl e
size change. The fluctuations in the pressure difference nmeasured across a
vertical sEvanganpithe Aguperefarming spagifically @ acortrolled Aaidized bed syR&aBubbl es
passing th this vertical sectjon,. and can be used,to. t.rack.changes in
Phe bed. | TRE S ab8irPe el i cBREo ARG TRt it s B REgi e ponee
greater than tw ce the highest frequency of the signal of the passing

bubbl es or slugs, fm Typically 50 Hertz is sufficient. The differential
pressure signal Fgurs@@epictsdh sbiiewhat greneydahil fanestiralr®Ryi& of giigl over a

|l ength of tinme sufficient to provide a tinme average val ue of pressure

di f f er enceinventiootsardgesribad in thetpreeeding digure.ess t han Sol o when addi ti onal
readings are included in the average. This tine of averaging is typically 1
to 5 mnutes. Either the standard deviation, SD, of the fluctuations in the
differential pressure readi or the.,SD di,vided b he t]ne-.aver val ue
of the di 11er oniredte gatisdfe Sl arrainey fh M usklal A SabPEARYEE Hp" o
taken as the description of bed operation. The value of SD or NSD is then
conpared over the 15J UL 2003 WO 00/43118 PCT/ US00100984 c~_ tine of
bed operation, typically as a graph of SD or NSD vs. Operating tinme. Trends
of change in the value of NSD with time descri be changes in bed
fluidization behavior. An increasing value of SD or NSD over the tine of
operation of the bed show that the sizes of the particulate solids are
changing to result in an effective increase in particle mean dianeter. This
change coul d be caused by aggl oneration of the particles or a |l oss of fines

o o o Y ~ e~




The invention will be nore fully understood by reference to the follbdlhdl
non-limting exanple, a sinmulation in part which illustrates the nore

salient features of the operation. Exanple A reactor is provided with
differential pressure sensing devices) and neans for recording and

" analyzing the data output fromthese dewces as described in the preceding

detail ed description and drawi ngs characterized by reference to Figures 1

and 2. Separate hydrocarbon feed gas and oxygen gas nozzles are used to

direct the gas strea i el bed. o e feac whi ch. .
contains a m xture o;ﬁ gdrgggiehf%% tﬁé %gggﬂﬁgg‘g% t{hghx?ea?t;a @oé{trﬁﬁ é?flcea%tglh?ol i ds
di | uent heaivehtiemn &S dotediantiredriitor chihgdeHih meerzab'fmlidstpaﬂic'feédruﬁﬁ%hﬁmsfceed gas
is constituted of a m xture of natural gas, steam and carbon di oxi de. The

oxygen gas OBeRGRmAsEXsEINtbH an s spestficalioBam and carbon di oxi de, the reaction
operating at 954 C (1750F) and 2413 kPa (350 psig) to produce hydrogen and
carbon nonoxide via the steamreform ng, and partial oxidation reactions.

The corrposisti wﬁmg@e reactor is as follows: Hydrocarbon Feed
Gas Streanm M .32 Mol es Steam Mol es Natural Gas 0.21 r
Mol es COz/ Mol es Natural Gas 0.05 Oxygen Gas Stream Mol es OZ/ Mol es Nat ur al
Gas 0.62 Mol es Steanf Mol es Oxygen 0.40 Mol es C02/ Mol es Oxygen The nor nal

gas conposi tion of tmf&ﬁﬁg e Pfoufd Dhdrb® shoWnt REJoSHWARE cEREREaL | ON
(FBSG reactor has the folTow ng composition:

Conponent Miuiiiidhed 00RE adiaRbst 8GERn pasdalidkidiTionand 6@am reforming reautiose of t he
Shows  he BIAAGAUIH BETENCCBR o RaPrtiTS BRI T OPELH i CPBPPEd of bed
o ot 0 407 RS LU R Rl i 5 B 1 o 1
t aken at vaec00EFtd Abons ISRIPC (gbouh £8QUSF). OTheOfluiltieed batpreferably ad camalngzaed to
L= J Ut }anr(t)i:cg:ulate solids diluent to disperse heat, suitably high purity alpha alumina.

Generally, the bed is constituted of from about 10 percent to about 99.9 percent,

preferably from about 80 percent to about 99.5 percent, of the solid diluents component

and from about 0.1 percent to about 90 percent, preferably from about 0.5 percent to

about 20 percent, of the catalyst, based on the total weight of the particulate solids

constituting the fluidized bed. A mixture of hydrocarbons, e.g., C,-C4 alkanes,

predominantly methane, diluted with steam is fed into the reactor 10 via line(s) 12, and

a mixture of oxygen diluted with steam is fed into the reactor 10 via line(s) 13; or the

hydrocarbons, oxygen and steam can be fed separately into the reactor 10 below a grid,

not shown, via lines not shown. An effluent hydrogen and carbon monoxide product,

and carbon dioxide, steam and unconverted hydrocarbons exits overhead via line 14,

cyclone separators 15, 16 trapping some of the catalyst particles and fines, returning

them via their respective diplegs to the reactor. The product synthesis gas is removed

from the reactor via line 18. The mean average diameter of the solids particles

constituting the fluidized bed 11 generally ranges from about 30 micrometers to about

150 micrometers, preferably from about 60 micrometers to about 90 micrometers.



-11 obtain the nean particle dianeter. These values of mean particl&§ JuL 2003 .
dianeter are also plotted in Figure 3. The nean particle dianeter

i ncreasi noveot/4Bits e i n the sane manner as the SD showi ng t [RAT/YSH/06HB4
tracks the change in nean particle diameter directly. 15J Ul 2003 -12
1. ‘A process for detecting, and nonitoripd, changes in the size of the
particul ate solids and resulting bubble size of a bed fluidized by
ascendi ng gases as caused by at |east one of particle agglonmeration and
attrition, which conprises: (a) sensing the pressures across a segnment of
the fluidized bEhe satalystiemployed by flucdized bed|ld, is zonatituted gemargllpdl at | east
tw ce the fr%ﬂuenCéﬁcreated. y the ascendi ng gases, to create signal; (b)

dfet er i ni niE I ErydBArgAniE REICS GREPT. %ﬁ&PB@T‘eﬁ%‘i‘W@u lﬁlf ﬁlé“%‘lgan @oevi at i on
! LS MBI TR Ty A Wl DS 0
o e s RARLARTAARARK) i he ke PG ToF e B OR G BidEerding 10000S

vertical segbenm®iodibde fhad l@Wrrﬁﬁl%chrGﬁleighﬁh%d@cﬁfﬁdr@cd@ltmédlwhh a
measurenent is taken ranges in size fromO.1 bed dianmeter to 2 bed

di anet er s. flgidizegeber of duscanlyst ati high tamperiture hygdrogharmadicopdigienst of t he
o s O B e ol R G S TS e bRl aE0ARS rom

on-alpha alumina catalyst.

The preferred catalyst contains from about 1 percent to about 20 percent
nickel, preferably from about 5 percent to about 20 percent nickel, composited
with an alumina, preferably an alpha alumina support. These catalytic particles
typically make up 5 wt. percent to 10 wt. percent of the particle mass in the bed,

the rest being diluent.

A plurality of sensing devices Sy, S;, S3 --- S, are located at different
vertical levels, or heights along the fluidized bed 11; each device, e.g., Sy, Sz or
S; as depicted in Figure 2, being designed for measuring pressure differentials
between different bed levels. Differential pressures are thus measured by pressure
taps located at two different bed levels, a first pressure sensing tap of a sensing
device S being located within the fluidized bed 11 while a second sensing tap,
with which the first pressure sensing tap is paired, is located above or below the

first sensor tap, preferably also within the fluidized bed 11.

The operation and function of a pressure sensor S is best described by
reference to Figure 2. Referring to Figure 2. there is shown a pressure sensing
device Sy, or a differential sensor, constituted of two tubular members 1, 2 a

terminal end of each of which is projected through the wall of a reactor 10 at two
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wherein the vertical segnent of the bed across

different magnitudes of the two pressure components. An electrical signal is

created which is a function of the extent of the diaphragm deformation. This
signal is carried by the two conductors 5, 6. The diaphragm 4 thus converts the
pressure oscillations into an electrical voltage representative of an analog image of

the differential pressure.

The analog signal from the differential pressure sensor S; is carried by
conductors 5, 6 to a signal processing unit 7, a device which may constitute means
for discriminating between the portion of the signal representing frequencies
characterizing background noise and the portion of the signal characterizing the
pressure differential, and thence to an analog-to-digital converter 8. The digitized
signal is then fed into the PC 9, the data is accumulated in the PC, and the
accumulated data processed to provide the mean differential pressure and standard
deviation, S.D., preferably the normalized standard deviation, NSD, of the
pressure fluctuations about the mean value. The collection and processing of the
data is repeated at time intervals which are relatively short compared to the period
required for particle growth to lead to process failure. The SD. and NSD time
record will show a constant value as long as the bed operates at steady state.

When the particle size growth begins due to some process upset or other initiator,
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determine the bubble diameter. For example, during the time course of bed

operation, the particle size grows due to agglomeration, or decreases in size due to
attrition; the bubble size increasing or decreasing, respectively, in response to the

particle size change. The fluctuations in the pressure difference measured across a
vertical section of the bed will thus be related to the size of the bubbles passing

through this vertical section, and can be used to track changes in the bed.

The pressure transducers must have a minimum frequency response greater
than twice the highest frequency of the signal of the passing bubbles or slugs, fyy,.

Typically 50 Hertz is sufficient. The differential pressure signal is sampled at the
frequency of f, or greater, and over a length of time sufficient to provide a time
average value of pressure difference that changes very little, i.e., less than 5%
when additional readings are included in the average. This time of averaging is
typically 1 to 5 minutes. Either the standard deviation, SD, of the fluctuations in
the differential pressure reading or the SD divided by the time-average value of
the differential pressure, the normalized standard deviation, NSD, is taken as the

description of bed operation. The value of SD or NSD is then compared over the
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time of bed operation, typically as a graph of SD or NSD vs. Operating time.
Trends of change in the value of NSD with time describe changes in bed
fluidization behavior. An increasing value of SD or NSD over the time of
operation of the bed show that the sizes of the particulate solids are changing to
result in an effective increase in particle mean diameter. This change could be
caused by agglomeration of the particles or a loss of fines from the bed.
Conversely, a decreasing value of SD or NSD with time, reduction in particle

mean diameter, could be caused by particle attrition.

The process of this invention provides an ongoing method for directly
measuring particle growth (or reduction), knowledge of which signals an early
warning of particle agglomeration. This knowledge permits bed operation at
temperatures much closer to optimal, since the process will signal the start of a
phenomenon, transient or otherwise, which could result in bogging (bed
defluidization) early enough to begin a corrective action, e.g., a temperature

change or in situ particle attrition.

The invention will be more fully understood by reference to the following
non-limiting example, a simulation in part which illustrates the more salient

features of the operation.
Example

A reactor is provided with differential pressure sensing devices, and means
for recording and analyzing the data output from these devices as described in the
preceding detailed description and drawings characterized by reference to Figures
1 and 2. Separate hydrocarbon feed gas and oxygen gas nozzles are used to direct

the gas streams into the fluidized bed of the reactor, which contains a mixture of
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particulate catalyst and solids diluent heat transfer particles. In the operation, the
hydrocarbon feed gas is constituted of a mixture of natural gas, steam and carbon
dioxide. The oxygen gas stream also contains some steam and carbon dioxide, the
reaction operating at 954 °C (1750°F) and 2413 kPa (350 psig) to produce hydrogen
and carbon monoxide via the steam reforming, and partial oxidation reactions. The

composition of the feed to the reactor is as follows:

Hydrocarbon Feed Gas Stream

Moles of Natural Gas 0.32
Moles Steam/Moles Natural Gas 0.21
Moles CO,/Moles Natural Gas 0.05
Oxygen Gas Stream

Moles O,/Moles Natural Gas 0.62
Moles Steam/Moles Oxygen 0.40
Moles CO,/Moles Oxygen -

The normal gas composition of the effluent from the fluid bed syn gas

generation (FBSG) reactor has the following composition:

Component Mole %
CH, 2.6
CcoO 23.6
H, 50.8
CO, 4.4
H,O 159
Total 100.0

In the course of the reaction in the hot fluidized bed particle
agglomeration occurs. Figure 3 shows the change in SD vs. Operating Time for a
particular period of bed operation. It is seen that SD increases continually with time,
indicating agglomeration of the particles in the bed. Samples of the bed solids were

taken at various times during the period of bed operation and analyzed to
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obtain the mean particle diameter. These values of mean particle diameter are also
plotted in Figure 3. The mean particle diameter increasing with time in the same
manner as the SD showing that the SD tracks the change in mean particle diameter

directly.
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1. A process for detecting, and monitoring, changes in the size of the
particulate solids and resulting bubble size of a bed fluidized by ascending gases as

caused by at least one of particle agglomeration and attrition, which comprises:

(a) sensing the pressures across a segment of the fluidized bed at
different vertical levels, at a frequency of at least twice the frequency created by the

ascending gases, to create a signal;

(b) determining the mean of the signal, and determining the standard

deviation of pressure fluctuations about the mean of the signal; and

(c) repeating steps (a) and (b) at definite time intervals, and comparing
changes in the mean and the standard deviation, said changes being indicative of

changes in the size of the particulate solids.

2. The process of claim 1 wherein a vertical segment of the bed across
which a differential pressure measurement is taken ranges in size from 0.1 bed diameter

to 2 bed diameters.

3. The process of claim 2 wherein the vertical segment of the bed across
which the differential pressure measurement is taken ranges from 0.25 to 1.5 bed

diameters.

4, The process of claim 1 wherein fast response pressure transducers are
used to measure the differential pressures, the pressure transducers are connected to an
A/D board to convert from an analog to a digital signal, and the digital signal is fed into
a PC which can sample and collect the data to speeds of at least 50 Hz for a period of 1

to 3 minutes.
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data is repeated at time intervals ranging from 1 minute to 5 minutes, over a total period

of time ranging from 2 minutes to 30 minutes.

6. A syn gas process for the production of hydrogen and carbon
monoxide in a fluidized bed sustained by ascending gases, by contacting together and
reacting a low molecular weight C;-C4 hydrocarbon feed, steam and oxygen fed into
the fluidized bed to produce, at 816 °C to 1038 °C , partial oxidation and steam

reforming reactions, the improvement comprising:

(a) sensing the pressures across a segment of the fluidized bed at
different vertical levels, at a frequency of at least twice the frequency created by the

ascending gases, to create a signal;

(b) determining the mean of the signal, and determining the standard

deviation of pressure fluctuations about the mean value of the signal; and

(c) repeating steps (a) and (b) at definite time intervals, and comparing
changes in the mean and the standard deviation, said changes being indicative of

changes in the size of the particulate solids.

7. The process of claim 6 wherein a vertical segment of the bed across
which a differential pressure measurement is taken ranges in size from 0.1 bed diameter

to 2 bed diameters.

8. The process of claim 7 wherein the vertical segment of the bed across
which the differential pressure measurement is taken ranges from 0.25 to 1.5 bed

diameters.
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10. The process of claim 9 wherein the collection and processing of the
data is repeated at time intervals ranging from ! minute to S minutes, over a total period

of time ranging from 2 minutes to 30 minutes.



