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Kinetics and Selectivity of the Gas-Slurry
Fischer-Tropsch Synthesis

Abstract

Thekineticsof the FischerTropsch(FT) synthesisover acommercialFe-Cu-K-SiQ
catalystwasstudiedin a continuousgas-slurryreactor A novel productdistribution
model, recentlydevelopedto describethe productselectvity of a gas-solidFT syn-
thesiswasappliedto modelthe productdistributionsobtainedat industrially relevant
conditions(reactorpressuref 1.2-4.0MPa, H,/CO feedratio of 0.25-4.0,spaceve-
locity of 0.25-0.7710~3 Nm?® kgt s%, anda constantemperaturef 523K) overa
precipitatedron catalystin the slurry phase The newv model,calledOlefin Readsorp-
tion ProductDistribution Model (ORPDM), combinesa mechanistianodelof olefin
readsorptionvith kineticsof chaingrowth andterminationon the samecatalyticsites.
In the slurry phase this modelappeargo describethe deviationsfrom the classical
Anderson-Schulz-Florglistribution accurately Theselectvity to parafinsandolefins
could be predictedwith averagedeviationsof 10.6 % and 8.7 %, respectiely. The
presenceof the slurry liquid appearedo affect both the model parameterandthe
productselectvity relative to the gas-solidkinetics. The slurry-phasesystemshavs
a higherolefin contentat comparableeactionconditions. The correspondingnodel
parametersthe readsorptiorconstantandthe terminationconstanto olefins,areall
lower at similar processconditionsthanthe correspondingnodelparametersor the
gas-solidkinetics. The intrinsic kineticsis alsoinfluencedby the slurry liquid. At
H,/COratios < 2, boththe FischerTropschandthe watergasshift reactionratesare
lowerthanfor thegas-solicsystem.Theslurryliquid influencegheadsorptiorof CO,
on FT sitesandcauses completecoverageof thewatergasshift sites.
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170 CHAPTER 6

6.1 Intr oduction

TheFischefTropsch(FT) synthesigornvertssynthesigasinto amulticomponenix-
ture of predominantlyhydrocarbonsThe FischerTropschsynthesisn slurry bubble
columnsis very attractive relative to fixed bedreactorg1]. The adwvantagesare: 1)
Low pressuralropoverthereactor 2) Excellentheattransfercharacteristicsesulting
in stablereactotemperatures3) No diffusionlimitations. 4) Possibilityof continuous
refreshmenof catalystparticles.5) Relatively simpleconstructiorandlow investment
costs.

Recently we developeda novel productselectvity modelfor linear parafins and
a-olefins (seeChapterd). The «a-Olefin ReadsorptiorProductDistribution Model
(ORPDM)accountgor secondaryeadsorptiorof «-olefinson FT growth sitesonthe
precipitatedron catalyst.The proposedeactionnetwork is shovn in Figure4.1. The
readsorptiorratesof the olefinsare supposedo increaseexponentiallywith carbon
numberdueto theincreasef bothphysisorptioreffectsandsolubility with increasing
chainlength. ORPDMaccountdor chain-lengttdependenteadsorptiorf olefinson
FT sites. Thereadsorptiorstepdepend®n carbonnumbeyresultingin anetdecrease
of theterminationprobabilityto olefins.a,, increasesvith increasingchainlengthuntil
no olefinsareformedanymore. At high carbonnumbersthe chaingrowth parameter
on, approachea maximumconstanwalue. The increasedeadsorptiorof long-chain
olefinsresultsin a decreasinglefin/parafin ratiowith increasingchainlength.

Intrinsic rateexpressiondor the FischefTropsch(FT) reactionandthe watergas
shift (WGS)reactiononthesameprecipitatedron catalystin agas-solicsystemarere-
portedin Chaptel5. Thesekineticequationsarebasednthe LangmuirHinshelvood-
Hougen-Vétsonandthe Eley-Ridealapproachusinga detailedschemeof potentially
possiblereactionmechanismsThe samesetof kinetic equationill betestedfor the
descriptionof the gas-slurrykinetics. The liquid-phasemay influenceheterogeneous
reactionkinetics(VanderLaanetal. [2]):

1. Therateof reactiormaybesignificantlyaffectedby introducingary non-"ideal”
(interacting)liquids.

2. Competitive adsorptiorof aslurryliquid on active catalyticsiteswill reducethe
reactionrates.

3. Theslurryliquid caninteractwith weaklyadsorbedurfacespecies.

4. Differencesn solubility of reactantsandproductsin varioussolventsexplains
thedifferencen liquid-phaseconcentration.
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Severalstudiesconcerningooththe FischerTropschthemethanolandthemetha-
nol-higheralcohol synthesisare of specialinterest. Stengerand Satterfield[3, 4]
measuredhe effect of the natureof an inert liquid on the reactionrate and on the
selectvity of the FischefTropschsynthesison a reducedfused magnetitecatalyst.
They obsenedthatthe reactionrate of the FischefTropschsynthesisn presencef
phenantrends nearly twice asfastasin n-octacosanend tripherylmethane,even
thoughthe solubility is slightly lower in phenantreneThe presencef phenantrene
causedeductionof depositformation(catalystdeactvation) andreadsorptiorof pri-
mary olefinsonto the catalystand henceinhibited secondaryeactions.Bukur et al.
[5] measuredhe activity andselectvity of a RuhrchemielLP 33/81catalystbothin
gas-solid(tubular fixed bed)andin slurry systemsTheinitial activity andselectvity
wasaboutthe samefor both systems However, catalystagingaffectedthe hydrocar
bondistribution differently. In theslurry systentheolefin selectvity decreasedyhile
the internal olefins and oxygenatecproductionratesincreasedvith time on stream,
whereagthe oppositechangeswvere obsened in the gas-solidsystem. Bukur et al.
[5] reportedsimilar effectsof changesn the processconditions(temperaturepres-
sure, H,/CO feedratio and spacevelocity) on the productselectvities. The initial
FT actvity wasthe samein bothsystemswhereaghe WGS selectvity (carbondiox-
ide productionrelative to the carbonmonoxideconsumptionyvassomevhathigherin
gas-solidsystem5].

Graafet al. [6] obsened a significantcontritution of the methanolformationvia
CO, by introducingsqualanesasolvent,relative to thetwo-phasesystem.Thethree-
phasemethanobkynthesisn squalanés muchlesssensitveto thetemperatureVander
Laanetal. [2] measuredhekineticsof thethree-phasenethanokynthesidothin an
apolarsolvent, squalaneandin a polar solvent, tetra ethyleneglycol dimethylether
(TEGDME). The slurry liquid appeardo affect both the activation enegy andthe
kinetic rate constantby interactionsbetweenadsorbedspeciesand solvent and by
competitve adsorptionof the solvent on the catalystsurface. The rate of reaction
to methanobbseredin TEGDME appearedo be 10 timeslowerthanin squalane.

The kineticsof both the gas-solidandgas-slurry(n-octacosanenethanol-higher
alcoholsynthesifrom CO/CQy/H, wasinvestigatedoy Bremanetal. [7]. The pres-
enceof n-octacosanasaslurryliquid appearedo affectthe productdistributionsand
the activity of the catalystrelative to the gas-solidsystem:lower CO+CG reaction
rates,lower higheralcoholto methanolselectvities, higherhydrocarboryields, and
lowerwatergasshift reactionrates.

Theaimof thisstudyis to testtheOlefinReadsorptioProducDistributionModel,
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recentlydevelopedfor thegas-solidsystemfor predictinggas-slurryproductdistribu-

tionsatindustrially relevantconditionson a precipitatedron catalyst. The gas-slurry
kineticswill bemodeledstartingfrom acomprehensiesetof equationgproposeatlise-
where(Chapter5). Furthermorethe effectsof processonditionson the kineticsand
theselectvity of the gas-slurryFischerTropschsynthesisareinvestigatedxperimen-
tally andtheresultsarecomparedvith the performancef agas-solidsystem.

6.2 Experimental

6.2.1 Slurry Reactor

The FischefTropschexperimentswere carriedout in a gas-continuouslurry reac-
tor. A detaileddescriptionof the experimentalketupandanalysissectionds givenin
Chapter3. Theslurryreactoris a1.8dm?® autoclare (H=18.2cm, D= 12.0cm) made
by Medimex (seeFigure 3.3). During the FischefTropschreaction,liquid products
canbeformed. Thelevel of the slurry wasmaintainedconstantuusinga home-made
filtering unit. The liquid productswere removed via a filter (sinteredmetal5 pm),
whereaghe catalystparticlesremainednsidethe reactor The liquid andgasphase
volumesappliedwere730and985cn?, respectiely.

6.2.2 Experimental Procedure

The slurry reactorwas loadedwith 7.3 g of unreducedcatalystparticleswith 40
< dp < 50 um. The catalystappliedwas a commercialprecipitatediron catalyst
(type LP 33/81)synthesizedy RuhrchemieAG (OberhausenGermary). Detailsof
this catalystare givenin Chapter3. The catalystwas pretreatedvith hydrogenat a
flow rateof 0.83103 Nm?® kge. s ! accordingto Bukur et al. [8]. The gasspace
velocity wasbhasecdn thetotal massof theunreduceagupportedatalyst.Thereactor
temperatureT, wasincreasedinearly from 293K to 553K by 0.017K s~%. T re-
mainedat553K for 24 hoursatanincreasegressuref 1.0 MPato preventexcessie
solventevaporation.After reduction synthesiggaswasfed to thereactoratreference
conditionsof 523K, 1.50MPa, F= 0.67anda spacevelocity of 0.2510~3 Nm® kg
sL

Liguid productsvereaccumulatedh high andlow-pressureondenserfor atyp-
ical periodof 8-12hoursduring steadystateof thereactorsystem.Theproductswere
collectedandweightbeforeanalysis. Severalon-lineGCanalysisvereperformediur-
ing this period. Massandatomicbalancesveretypically 100+ 10 %. After changing
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the procesonditionsthereactoroperatedat least48 hoursundisturbedeforea new
massbalanceperiodwasstarted.

The variationof the experimentalconditionsat a constantemperaturef 523 K
aregivenin Chapter3. Thereferencesxperimentwasrepeated timesto determine
possibledeactvationeffectson the activity andselectvity of thecatalyst. A summary
of relevant experimentaldatais given in AppendixB. 27 kinetic experimentswere
carriedoutin theslurry reactorwith the Ruhrchemieprecipitatedron catalystat 523
K in two separateatalysttests seriesB andseriesC.

6.3 Resultsand Discussion

6.3.1 Product Distrib ution Modeling

The olefin readsorptiorproductdistribution model (ORPDM) wastestedto our ex-
perimentsat 523 K. The modelparametersvere optimizedfor eachexperimentwith
the Levenbeg-Marquardimethod[9]. The numberof parameterin model ORPDM
wasequalto 7: p, to, kg, C, t}, t3, andkZ. Similar to a previous study (Chapter4),
the numberof optimizedparametergould be reducedbecausdour parameterap-
pearedo beindependendf the experimentakonditions.The averagevaluesof these
parameterareshovn in Table6.1. For comparisonthe correspondingaluesfor the
gas-solidstudy (Chapter4) arealsogivenin this table. Introductionof thesemean
modelparameterait 523 K for both the increasedeadsorptiorof ethenerelative to
otherolefins(k3/kr€? ©) andfor theterminationto C; (t3) andC; products(t3) and
theexponentiaincreasef thereadsorptiomate(c) reduceghe numberof parameters
to beoptimizedfrom 7 to 3 within eachexperiment.Remarkablyboththereadsorption
rateof etheneandthe exponentialfactorc arehigherin both gas-slurryexperimental
serieghanobsenedfor thegas-solidsystem.

Table 6.1 Optimizedmodelparameterfor ORPDMat523K
thatareindependenof @, o, P, H2/COratio.

modelparameter G-S(A) G-L-S(B) G-L-S(C)

t3 6.6 5.4 6.5
t2 1.6 1.3 1.7
kZ/Kre?© 12.6 25.4 17.6

c 0.29 0.36 0.35
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Table 6.2 Optimizedmodelparameter© RPDM.
Run p to KR N Se | Run p to kR N Sel
Bl 1792 6.39 0.037 19 89| Cl1 1142 425 0.112 17 11.7
B2 14.08 6.59 0.063 19 16.4| C2 12.69 3.34 0.047 18 128
B3 12.04 5.63 0.075 19 10.8| C3 9.38 4.22 0.301 19 14.0
B4 1590 5.25 0.040 18 135 C4 543 452 - 19 199
B5 8.17 3.62 0.197 18 139|C5 12,62 4.12 0.098 19 12.2
B6 7.27 292 0247 19 9.1|C6 11.83 4.65 0.119 18 13.0
B7 1422 471 0.059 19 83| C7 2148 7.05 0.087 19 123
B8 15.20 5.49 0.030 18 20.3| C8 9.55 590 0.339 19 1438
B9 1546 5.48 0.026 19 11.8| C9 7.28 7.26 0.869 19 18.0
B10 1955 6.47 0.020 19 11.0| Ci10 1454 5.15 0.070 16 14.7
B11 8.86 295 0.110 17 185| Ci11 23.12 7.62 0.085 18 11.9
B12 13.60 4.76 0.038 19 16.1| Ci12 17.05 6.32 0.113 19 8.7
C13 599 570 0631 19 178
Cl4 16.33 8.47 0.056 16 17.7
Cl15 19.26 7.28 0.056 15 7.9

Tto/kr

The threeremainingmodel parametergp, to, kr) to be optimizedwithin each
experimentandthe numberof selectvities ands¢ for both experimentalgas-slurry
seriesB andC aregivenin Table6.2. Table6.3 shovstheaccuraciesf the optimized
modelsexpresseavith therelative standardleviation s, andthe M ARR functionfor
the parafins andolefins,respectiely, bothfor the gas-solidaswell asthe gas-slurry
experimentsat 523 K. Thetotal numberof selectvities n aswell asthetotal number
of optimizedparametersn within a catalysttestarealsoincludedin this table. Fig-
ure 6.1la-bshavs thattherelative residualsbetweemrmodel ORPDM andexperiments
arealmostalwayswithin 25 % in bothcatalysttests.

Table 6.3 Accuracief the Olefin ReadsorptiofProductDistribution Models.

model MARR % Sel% n m
parafins olefins
G-S(A) 10.1 9.1 13.3 370 57

G-L-S(B) 9.4 8.4 125 223 36
G-L-S(C) 118 9.0 140 270 44

Themodelparametersf modelORPDMarepseuddinetic rateconstantsincor
poratingtruekinetic rateconstantssurfaceconcentrationsf intermediateshydrogen
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Figure 6.1 Relatve residualsversusexperimentalselectvities. (e: parafins, O: methane,
A: olefins,v: etheneModel ORPDM.a. Gas-slurryseriesB; b. Gas-slurryseriesC.

andvacantsites.Thereforethe modelparametersary with the adjustedprocesvari-

ables,Pco, Pn,, andspacevelocity. Theeffect of the processvariableson the model
parameter§p, to, kr) wasdescribedvith the sameequationssin Table6.4 (Chapter
4). Thereadsorptiorparameterkg, increaseswith H, pressureand decreasesvith

CO pressure.CO inhibits readsorptiorrates,while a high H,/CO ratio is favorable
for readsorptiorof olefins. The accurayg of the equationgresentedn Table6.4 is

shavn in Figure6.2. Remarkablythereadsorptiorconstant{kgr) andthe termination
constanto olefins(tp) appearo be lower at similar processonditionsthanthe cor-

respondingnodel parametergor the gas-solidsystem. Both effectswill resultin a
higherpredictedolefin selectvity for the gas-slurryreactor
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Figure 6.2 Parity graphof experimentalTable6.2) andmodeledparametergTable6.4) of
modelORPDM.

Table 6.4 Model parameter©RPDMat523K in gas-solid Chapterd) andgas-slurry(C)
experiments.

Parameter G-S(A) G-L-S(C)
p 13.8ng'47P8-33 14.4 Pg2°'26P8-éo
to 6.17P; ° 3.71P;0°
Pl.4 —0.49 P1.2 P—O.47
K 33210412 €9 gpp105_H2 CO
R q)v O/W ch O/W

ORPDMdescribesi-dependenteadsorptiorof olefins,resultingin a curveddis-
tribution of parafins and a decreasindd/P ratio with carbonnumber Examplesof
productdistributionswith the predictednodelvaluesfrom modelORPDMareshavn
in Figure6.3a-band Table6.5. The modeledproductdistributionsappearedo pre-
dicttheexperimentallyobsenedselectvitiesaccurately Thedeviationsfor C; andC,
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productsaswell astheincreasingparafin contentof the productsarealsodescribed
accuratelyThesdfiguresalsocompargroductdistributionsbetweenwo experiments
from this studyandgas-solidsystemexperimentsat comparableonditions(Chapter
4). Figure6.3a-bandTable6.5shav thattheslurryliquid influencegheproductdistri-
bution obtained.It shouldbe notedthatthe experimentakonditionsinsidethereactor
arenot completelysimilar. Theolefin contentof the hydrocarbormixtureis higherin
both gas-slurryexperimentsasa resultof the modelparameterg¢seeTable6.5 for p,
to, andkg). In accordanceavith StengemandSatterfield4], thereadsorptiorof olefins
is reducedn presencef the slurry liquid resultingin anincreaseof the olefin selec-
tivity. In bothcomparisongheselectvity to olefinsis higherin thegas-slurryreactor
Theselectvity to low molecularweighthydrocarbonsappearso be decreaseth the
slurry systenrelative to the gas-solidsystem.

Table 6.5 Model parameter© RPDM,experimentakonditionsandselectvities (wt%) for
Figure6.3.

Figure6.3a Figure6.3b
Gas-solid Gas-slurry Gas-solid Gas-slurry

Run Al6 B8 A8 B11
F 0.5 0.5 2.0 2.0
H,/CO 0.38 0.30 6.19 4.71
®,0/W (1073 Nm® kgears %)  0.36 0.39 0.35 0.34
p 19.46 15.20 6.69 8.86
to 5.50 5.49 4.22 2.95
Kr 0.076 0.030 - 0.110
w1 9.0 8.4 16.6 12.8
Wo-_a 36.6 41.3 34.4 37.6
Ws5_10 48.8 50.2 34.9 49.6
Wo.2-4 75.3 80.9 455 58.6
WO .5-10 72.9 75.0 35.0 57.1

Lto/kr

6.3.2 ReactionKinetics

Thereactionratesof the FischerTropschsynthesiq Rg1) andthe watergasshift re-
action(Rwgs) werecalculatedrom the experimentakresultsof experimentakeriesC
in AppendixB. The kinetic modelsappliedwere optimizedfor seriesC. The setof
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Figure 6.3 Productdistributions as a function of carbonnumberfor both the gas-slurry
system(solid symbols solidlines)andthegas-solidstudy(Chaptert) (opensymbolsdashed
lines). Symbolsare experimentalselectvities. Linesaremodelpredictionsfrom ORPDM.
Optimizedparameterandthe experimentakonditionsareshavn in Table6.5.
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rateexpressionglevelopedin Chapters wereusedfor kinetic modelingin this study
Thesd_angmuirHinshelvood-Hougen-Vitsortypeof intrinsicrateexpressionsvere
derivedon thebasisof a detailedsetof reactionmechanism$or the hydrocarborfor-
mationaswell asfor thewatergasshift equation.The samesetof assumptiongiven
in Chapter5 wasusedfor thedevelopmenbf the kinetic equationsin addition,how-
ever, it wasassumedhatcarbondioxideadsorbedtronglyonthecatalyticsitesactive
for the FischefTropschreactionwhereaghe adsorptionof waterwasassumedo be
negligible. This, becausef theexperimentabbsenrationsof high carbondioxidecon-
centrationsn thereactoreffluent(seeAppendixB, seriesC) relative to water Kinetic
equationsvith carbondioxideinhibition werealsoreportedoy Ledalowicz etal. [10],
Nettelhof etal. [11], andDeckweretal. [12]. As aresult,thesitebalancedor theFT
catalyticsitesread:

951 + (9C51 or 9COS]_) + 9C0251 = l (61)
(Bcs, OF Ocosy) +6cos =1 (6.2)

with 6cs, relevantfor dissociatve andfcos, relevantfor associatie CO adsorption,
respectiely.

Thefinal form of the kinetic equationgs presentedn Table6.6. Theseequations
wereoptimizedwith both site balancegeqs6.1-6.2). The relative variancef these
optimizationsandthe appropriateankingareshovn in Table6.7. The statisticalsig-
nificanceof thedifferencesn accurag wastestedwith Bartlett'stest(Chapter3) [13].
For a numberof competitve modelsH, the Bartlett's testcomparesa critical calcu-
lated x2 value (for details,seeChapter3 or Jonler et al. [13]) with a takulated x?
value[14]. If x2 exceedshetakulatedvalue,themodelwith thelargestdeviationwas
rejectedandy? wasrecalculatedModelsweresubsequentlyejecteduntil x2 wasbe-
low thetakulatedvalue. Table6.8 compares?2 with thetakulatedy? valuefor H — 1
deggreesof freedom. The table shows thatthe besttwo models(H = 2) passedhe
testandarestatisticallyindistinguishableThesebestmodelsare,in succeedingrder:
FT-13 (eq6.1)andFT-1l12 (eq6.2). Table6.9 shovs the optimizedmodelparameters.
The95 % confidencdimits shav thattheadsorptiorconstanpf CO, is ratherinaccu-
rate. Theadsorptiorconstanof CO (a) for modelFT-13 is not significantlydifferent
from zero. Therefore we prefermodel FT-1112 for the descriptionof the FT reaction
rate. This modelis alsooneof the optimalkinetic equationsof the gas-solidsystem
(Chaptens). Parity graphsof the FT kinetic equationsareshowvn in Figure6.4.

Basedntheformatemechanisnandtheassumptionmentionedn Chaptel5, two
kinetic rateequationdor thewatergasshift reactionarepossible Theexpressiongre
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Table 6.6 Reactiorrateexpressiongonsideredor
theFischefTropschsynthesisRgt (mol kgc_alt sh).

Model Kinetic equation
KpL2pl/2
FT-I3 €O_H, .
(l +aPi% + bPco,
Kpl2p3/4
FT-14 €o_* 5
(1 +aPcgPy,t + bPCOz)
kP22 Py,
FT-I13 =
1+ aP.3 +lb2PC02
kPcoP
FTII12 S S
(1+ acho + bPco,)
PcoP
FT-1113 ot
(1+ acho + bPco,)
PcoP
FTIV2 L
1+ aPco +2ch02
kPcoP
FT-IV3 COTH,

1+aPco + bPco,
1 SeeChapters for a descriptiorof thesemodels.

Table 6.7 FT kinetic modelscreening.
Model Sitebalancgeq) se (%) Rank

FT-13 6.1 12.9 1
FT-13 6.2 29.5 6
FT-14 6.2 27.3 4
FT-I3 6.2 29.2 5
FT-IlI2 6.1 13.3 2
FT-II2 6.2 32.3 7
FT-II3 6.2 42.5 9
FT-IV2 6.2 25.0 3
FT-IV3 6.2 41.8 8

FT-14, FT-II3, FT-IlI2, FTII3, FT-IV2, FT-IV3 with
sitebalances.1resultsina < Qorb < 0
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Table 6.8 Bartlett's testfor FT model€.

H xZ X2
9 37.6 155
8 314 14.1
7 220 126
6 17.9 111
5 139 9.49
4 10.7 7.81
3 7.24 5.99
2 0.0107 3.84

1 x2: critical x? accordingto Bartlett's
test[13]; x&: takulatedy? [14]

givenin Chapters (Table5.7). The adsorptiorof bothH, andCO; is assumedo be
negligible relative to CO andH,0 [15-17]. Thus,the massbhalanceof the catalytic
sites,s,, is:

952 + 9H2052 + OCOSZ =1 (6-3)
On,0s, + Ocos, = 1 (6.4)

For thetemperaturelependengof theequilibriumconstanbf the WGSreaction Kp,
thefollowing relationwasused(Graafetal. [18]):

Pco, P 2073
logKp = log [ —2""2 )} — (25 _ 2029 (6.5)
Pr,0Pco / T

The agreemenbetweenthe experimentsand the kinetic modelsis not impressie.
Model WGS-I5with site balanceeq. 6.4 fitted the experimentalratesthe best(s¢1=
20.5%).

kuw/K?Z (PcoPhy0 — Pco,Ph,/Kp)

Ks 2
P —P
( co + Ky HgO)

Rwes-15 = (6.6)

Therelative varianceof the otherkinetic modelsexceeded30 % or the valuesof the
optimizedparametersiereunrealistic.Thecorrespondingnodelparameteraregiven
in Table6.9andthe parity graphis shawvn in Figure6.5.
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Table 6.9 Finalestimate®f the parametersf the FT andWGSkinetic models.

Parameter Dimension Estimate
FT-13 (Se 12.9%)

k molkg~t s™* MPa~1?®> 0.011+ 0.004
a MPa! 0.1754+ 0.204
b MPa 1 0.4854 0.365
FT-NI2 (sre1 13.3%)

k molkg~t st MPa1® 0.034+0.011
a MPa! 1.185+ 0.357
b MPa 1 0.6564 0.456
WGS-15(sre 20.5%)

Ky /K2 molkg~t st 0.030+ 0.003
Ks/K1 - 3.07+0.31

A comparisorbetweenthe experimentalandthe calculatedreactionratesof the
FischerTropschandthe watergasshift reactionis presentedn Figure6.6a-b The
calculatedratesare basedon the optimal kinetic modelsFT-1112 andWGS-I5. The
behaior of thekinetic reactorwascalculatedvith a CSTRmodel(seeChapters for
details).Figure6.6ashonsthe effect of theflow rateon the overall synthesigascon-
sumptionrateandonreactionratesof thebothFischerTropschreactionandthewater
gasshift reaction.Thereappeard$o be goodagreemenbetweerthe experimentaland
the calculatedreactionratesover the measuredangeof spacevelocity. Thereaction
ratesincreasawvith increasingpacevelocitydueto decreasingnhibitor concentrations
(FT: COy; WGS:H0).

The effect of thefeedratio of H,/CO at a constantreactorpressuref 1.5 MPais
showvn in Figure6.6h Both the FischerTropschandthe watergasshift reactionrate
decreasslightly towardslower H,/CO ratios. The overall synthesiggasconsumption
ratedecreasestronglydueto the reactionstoichiometry Figure6.6balsocompares
the reactionratesobsered with the gas-slurrysystemandin the gas-solidsystem
(Chapters). Themodellinesfor the gas-solidsystemwerecalculatedat comparable
conditionswith the optimal kinetic equations:FT-1112 and WGS-16 (Chapter5; see
Table5.10). At highfeedratios(F > 2), thereactionratesin the gas-slurryandthe
gas-solidsystemsare nearly the same. However, at low H,/CO ratios, the reaction
ratesin thegas-solicsystemaresignificantlyhigherthanin thegas-slurrysystem.The
maindifferencebetweerthereactionrateequationgor two systemss in theinhibitor
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term. Both optimalmodelsfor thegas-slurrysystenmcontainCO;, inhibition in contrast
to H,O inhibition for thegas-solicsystemseeChaptes. Consequentlthegas-slurry
reactionratesareinhibited atlow H,/CO ratiosdueto CO, formedvia the watergas
shift reaction. The watergasshift reactionis ratherslow in the slurry phaserelative

to the gas-solidsystem.In caseof the gas-slurrysystemthe WGS catalyticsitesare
completelycovered.Apparentlythepresencef theliquid phaseffectstheadsorption
strengthof thecomponentpresent.

6.4 Conclusions

e Theproductselectvity model ORPDM, previously developedto describegas-
solid selectvity, alsoappeardo describeaccuratelythe selectvities over a pre-
cipitatediron catalystin the slurry phase The averagedeviation of theselectv-
ity to parafins andolefinsis 10.6% and8.7 %, respectiely.

e Thepresencef theslurryliquid appearso affecttheproductselectvity relative
to the gas-solidsystem.The slurry-phasesystenmyields a higherolefin fraction
at comparableeactionconditions. The correspondingnodel parametersthe
readsorptiorronstanandtheterminationconstanto olefins,areloweratsimilar
conditions.

e The reactionkinetics of both the FischerTropschand the water gasshift re-
actionin the gas-slurrysystemcanbe describedvith the samesetof reaction
mechanismdound previously to describethe gas-solidsystem. The reaction
ratesappearto be comparablet high Ho/CO feedratios. However, the reac-
tion rateof the FT synthesisappeargo be lower at H,/CO ratiosbelow 2 due
to inhibition of CO; in the slurry system. The watergasshift reactionrateis
alsolower at theselow H,/CO ratiosdueto completeoccupationof the WGS
catalyticsites.
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