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Abstract— Fischer-Tropsd synthesis is an im-
portant chemical procesdor the production of liquid
fuels. In recent years, the abundant availability of
natural gas and the increasig demand of gasoline,
diesel and vaxes have led to ahigh interest in fur-
ther devebping this process. The depedencies of
liquid hydrocarbon product distribution of iron
catalyzed Fischer-Tropsch synthesis on opeating
pressure and temperature have be@ studied. The
study followed an experimental planning and the
results were analyed bagd on arface response
methodology. The effectsof different operating con-
ditions on product distribution were @mpared based
on number average @arbon number and distribution
dispersion Results showed that high temperature
(270°C) and pressure @7 atm) favor the production
of heavy waxes hat can beconverted to liquid fuels
through hydrocradking, while greater direct selecti-
ity towards liquid fuels are favored by low tempera-
ture (240°C) andhigh presaire (30 atm).

Keywords— Fischer-Tropsch Synthesis, Liquid
Fuels, Iron-based Catayst

[. INTRODUCTION

In recant years the Fische-Tropsch synthess (FTS) has
becane a sibject of remwed interest particularly in
converting natural gas (NG) irto liquid transportation
fuels. This can becamamajor advatagewhen dealing
with natural gas lecawse its stoage is abig logistic
problem, especlly regading exploraion in off-shore
exploitation platforms. A pelliative trarsportation sdu-
tion, which has been in relatively widespreaduse fa
years ivolvesthe caversionof NG into liquefied natu-
ral gas(LNG). However the LNG approachhasa si-
nificant drawback since it ia relatively expensive prcac-
ess andhe sbrage vesels reqires rgorous hermal
desgn and canstuction gpecs due o the required low
temperatures Forthat reaen, if the FTS process igur-
ther ceveloped ard perfformed efficienty, it may be-
come an econanicdly viade alterrative for delivering
naural gasacioss brge distances.

Natural gas ca be onveted to cabon monoxde
andhydrogen (synthesis gag via the eisting processes,
sut as steamreforming, carton dioxide rdorming,
partial oxidation and catalytic m@rtial oxidation, fa-
lowed by the FT synthesis reation:

CO+2H,—— (-CH, -)+H,0 @)

The study of the FischerTropsh synthesis (FTS)
with iron-based catlysts hasbeendoneby many inves-
tigators (Raje and Duis, 1997; van Séen and Saliz,
1999 Donrelly and Satrfield, 1989; Eliason ad Bar-
tholomew, 1999 Li et al, 2002), ard it has beentown
that iron-based catalystsshaaisfactory paformance n
the producion of liquid fuels in the range of gasoine
anddiesel. Mst reseatiteshave foeised on the conver-
sion of the FTS and oithe overall rateof reaction (Raje
andDavis, 1997; Eliasan ard Barthdomew, 1999 ard
mary overall reaction rate eqations d the FTS reaction
havebea propcse.

In reent years the fags on FTSresearbes hae
shifted towards a btter understandng of the FT knetic
mectarism (Huff and Satterfield 1984 Mandon ard
Taylor, 198L; Maitlis et al, 199) ard product distribu-
tion (Patzlaffet al, 1999 Donrelly ard Sattefield,
1989 van de Laan and Beenackes, 1999 Fernades,
2005 2006; Fernandes ad Sausa, D06). Studies hae
shown that iron-baskcatalys$ producesparaffins, epe
cially low molecuar weight paraffins (light gases,gaso-
line anddieselcuts), anda large quartity of olefins de-
perding on the operatng conditionsthat are enployed.

van Berge (1997) has slown that in comparison to
cobalt-based catalysts, iro-basedcatalystspresemn bet-
ter performance andhigher prodictivities than tre Co-
basel catalyst at high pregses (ove 10 am, preferdoly
above 20 athand spaceelodties, thus this evidence
has to ke further studed. In this stud/ we have exam
ined he rumber of catbon distribution of the liquid
prodwct of a FT eaction caried out under pressues
bewwveen 20 ard 30 ain, range of pessue which few
papers are agilable inthe literatue.

II. EXPERIMENTAL

A. Catalyst Preparation

An iron catalyst vith a 100~e/53CW6K/139SiQ conpo-
sition (nolar basis) wapreparedy sucessive inpreg-
naion with aqueus solution of FeNO3)3.9H,0,
Cu(NOs),.3H,0 ard K,CO; to incipiert wetness of SiQ
(Grace-Daison Sylod 74) in a rotary evgorator
(Tecnalmodel TE-211, Brazl) operatd at 60°C under
500 mmHg (vacuummaintained with a vacuumpunp
Tecnalmodel TE-058).

After impregnation of each salt, th catalyst was
dried in a drying oven (Fanem model AH-T, Brazi) at
6(°C for 12 hours. After impegretion of the last salt
the catalyst was dried &0°Cfor 24 hoursand calcined
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in air at350°C for 5 hous (heding rat of 10°C beivean
60 and 350°C). The catalyst was analgtZer iron, mp-
per, silica am potassum by fluorescencepectrosmpy.

The calcined atalyst was rducal in situ in a mix-
ture of H, ard CO in a molar propation of 11 for 8
hous at240°Card 20 atm.

B. Fischer-Tropsch Reation

The FTS wa carriedout in a stirred, seivbatd ope-
ated 1 L audclave reactor wit catalyst being spended
in puified n-paraffin mixture of known compasition
(Synth, Brazl - melting pont range between 60 ard
62°C). The nyparaffin mixture s inert unde the presat
reaction condtions.

The reaction wasonductedwith 10 grams of cata-
lyst suspeded in 300 grams of parffin in a high
pressire aubclave reactor (Parr Instrumentsmodel
4577). Tests vere conducted at tdal pressuie ranging
from 20 © 30 atm 240 to 27C°C, ard a1:1 H,:CO np-
lar feed raito. Synhess ga was pepaed by mixing H,
and @ via wo mess flow contollers, endling the de
sired H/CO ratio to be obtained The feedwas irro-
ducal into the reactorbelow the agitator.The reaction
was caducked under onsiant mechancal agtation (800
rpm), and theimpeller used was a gas entragmhim-
peller which provides comtart recircuation of the syn
gas nto the slurryphase.

The tests flowed a 2° experimental planning with
certral canposite. Canditions for eachrun are listedin
Table 1 Expeiments were dae n duplicate and e
resuts were lasedon the mean values.

C. Data Analysis

The data at any setfoprocess coditions were oltained
during 6.5 hours mess lalance periods when the liquid
productswere allowed to acumulated in the reactor.
The iquid-phase pioduct were analyzedn a Shinadzu
(Model QP5050 gas chromatograph with mass spec-
trum (CGMS) eqipped with thermal conductivity
(TCD) ard flame-ionizaion (FID) detcbrs. Tenpera-
ture progranming (°Cto 300°C) with a packed /-5
column (30 m x 0.25 mm ID x 0.25 um film) allowed
the idertification of liquid-product Fiscler-Tropsch
hydrocatbors (Cyp to Cy0). A microconputer use to
perform data acquisition and pocess catrol also con
trolled auomatic chromatograph sanpling.

Table 1.Operating conditions dheexperimeral planing.

Run Pressure [atn] Tenperatue PC]
1 20 240
2 20 270
3 25 255
4 30 240
5 30 270

I1l. RESULTS AND DISCUSSION
Iron caalysts form mostly straight-chain hydrocabors.
Fischer-Tropsch liquid products ¢ particular value ae
dieseland keosene (jetfuel), which range from about
Cio to Cys. Heavier waxy products Cps.) are of low
value as fnal products butcanbe hydrocraked b lower
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molecular weightfuels sich as ga%line, diesel and
kerosene.As a spedic chain-length is not possble o be
produwced ou aim is to study gperating corditions that
can produce @isel rangdiydrocaons andheaw waxy
producs.

The iquid product obfained in all experments can-
sised mainly of n-pardfins. The anountof olefins pro-
duced was regligible andwas relatedo the nmode of
operation of the reacto which allows readsorgtion of
olefins by the catlyst and ts corversion to n-pardfins
due b thehigh concetrationof hydroge in the reactor.
The convesion of syngas into hydrocabons was be-
tween38 © 40% of thegasfed into the reacta, which
wereat the same coverspn level repated inthe litera-
ture (vanBerge, 199; Davis, 2M3).

The dstribution of the liquid producs of the Fischer-
Tropsd synhesis presas abell shged awrve as shown
in Fig. 1.
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Figure 1. Distrilbtion of theliquid product for ra carried out

at 240C and 20atm.

The effect of tenperature and presee over the liquid
product distibution was e&aluated using surface anay/-
sismethoddogy. Figures 2 to 5 show the mess factiors
of four cuts of hydrocabors as a fuction of tempera-
ture and pressire.

As shown in Figs.2 and 3, the effecbf temperatre
and pressire on the chahn length is very complex. At
low tenperature (240°Can increase in presse leads ©
increasingmass fractios of low molecuar weigh hy-
drocarbans, hus favoring the pioduction of lighter frac-
tions raher than way produwcts. Deceashg pressues
favor an increase n liquid producs of the rangebe-
tween G; andC,s at high temperate (270°C).

An increase n waxy hydrocarbon products was fa
vored by mid-rarge pressues (petwveen 24 and 27 atm)
and was onyl slightly influenced bytemperatre (Fo.
4). However, increasng pressure ad temperatre have
allowed the pioduction of waxy products with more
than 35 carlons in greater qgartities (Fig. 5). Figue 5
alsodenates hat the tenperatue sensitiity for produc-
tion of heavier hydrochonsis at its peak at a prase
of about 27 atm, where he paria deivatve with re-
spect to the t@perature of lte reponse srface reahes
its maximum.
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Figure 2. Masdraction of tydrocarbons &, obtained under
different tempeaturesand pessures.
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Figure 3. Masdraction of tydrocarbons in theange of G
and Gs ohtained under dffferent temperatureandpressures.
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Figure 4. Masdraction of tydrocarbons in theange of Gy
and G, obtained under dffferent temperatureandpressures.

The effect ofpressire and tenperature on the prod-
uct distribution can be better eamined aralyzing the
nunber average nunber of @rbons. The number ave-
age nurber of carbons is atatisticalindex calcuated
dividing the first moment by the zepoth moment of the
product distribution. This index represents the hydro-

carlon chan length in which the mass fracton d the
distribution is cenered ard can beusel asa paramater
to evaluate the polyerizaion degee d the Fischer
Tropschreaction.
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Figure 5. Masdraction of hydrocarbons &;. obtained under
differert tempeaturesand pessures.
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The dstribution can be frther evauaed by the
product distribution dispesion (or stardard deviation)

which is an index of how narow or how broad the
product distribution is. The disgersbn can be caldated

by:
(Z6,)- (02 -4,)
(En-¢,)?

Table 2 anl Fig. 6 $1ow the nunber aveage nunbe
of cabons for the reactionsarried out withcatalyst
producedin this study. The resits show tlat the catalyst
has poduced hydrocabons with long chan length with
a nunber aveage as high a31 cabons. Analyzing the
responsesface, the mximumnunber averagaumber
of cabons would be obtaigeopeating the reactorat
270°Card 27 atm As mey be inferred from Fig. 6, this
maximum point is not an alsolute one, and the suface
behaior indicae that higher molecular weight product
might be obtained by increasng the readion tempera-
ture.

The resuts for the pioduct dstribution dispersion
index show that when the humber aveage number of
carbors is maximum, the dspersbn index is relatively
low, mearing that the prodwct dstribution is narrow.
The value of 1.004 represens that the product dstribu-
tion is within 5 cabons d distance fom the nunber
averagie nunber d catbons For Run #3 presated in
Table 2, his would mean that the liquid Fische-
Tropsch product casists mainly of hydrocarbon chains
beween C, ard Gz which was cosistert with the
expeimental findings.

The ohe runs hae preened dispersbn index
araund 1.02, value tat represens a broader product
distribution where he distribution is within 8 caronsof
distance fomthe nuniberaveragenuntber of carbons.

@
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Table 2. Number averagy number of carbons amtistribution

dispersion.
Run Nunber averag Distribution disper-
number of carbas sion index
1 275 1.021
2 22.8 1.014
3 311 1.004
4 22.4 1.021
5 29.3 1.030

The exeaimental resuts did not show significantn-
pardfins with more than 35 cabons which can be
cawsed by space lmitation inside the catalyst pres,
which may also eplain why the distribution dispesion
index is much lower for the highest nurber aveage
number ofcatons

This hypahesk is alsosupprtedby the slewnessof
the distribution (Eg. 4 which indicaes T the distribu-
tion is well centeré on the nurber aveage carbon
number or if the dstribuion is shifted to the right or to
the left.
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Figure 6. Number avage number of carbons obteinunder
differernt tempeaturesand pessures.
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The results for thalistribuion kewnes are pre-
sentedm Table 3 and als show avalue close to unit for
the higheshumber averge nunber of cabons ndicat-
ing that the distribution is well cenered Other runs
have presated skewvness hjher than 1.00 indicaing a
shift towards highe hydrocabonschahn lengths.

Table 3.Distribution sk&ness.

Run Distributionskewness
1 1.018
2 1.013
3 1.006
4 1.022
5 1.023

The rato of mass ofhydrocabon per massof cabon
monoxide fed to the readr is a valuéle information
that can beused for proces timization. The coner-
sion of syngasinto hydrocabons did not charge nuch
with operatingcondition and was letween38to 40% of

37:283-287(2007)

the gasfed into thereactor.Operatingat higher pres-
sures reslied in the highestconversiors into hydrocar-
bons.As sud the concatration of gases in the reactor
ard the productivity increasedvith increasing operatirg
pressires.

The nass ofhydrocalbon per mass of cabon mon-
oxide fal to the reactor igpresented n Tabke 4. The re
sults on mass ofhydrocaibon per ness ofcarlon mon-
oxide fal to the reaadbr confirm the results observed
previously where at low t@perature a increasein
pressire favors the pioduction of lighter products rather
than way products Decreasg pressres favor a in-
creasen liquid products of the dieselrangeat high tem-
peratire 270°C).

The increag in waceswasfavored by high pressure
and hightemperatre, whereCs,. hydrocarbons pre-
sened highe productivity.

Table 4. Produtivity of the eaction basedn the mass of
carbonmonoxice fed to the reactor [gram of yarocarbon /
gram of carbomonoxide]

Run 1 Run 2 Run 3 Run 4 Run b
Coo. 0.000 0.006 0.000 0.093 0.000
Cy0Co 0.046 0.149 0.000 0.039 0.000
Cy3Cos 0.055 0.139 0.000 0.162 0.028
Cy6Cos 0.109 0.112 0.045 0.024 0.000
Cy9Ca1 0.135 0.000 0.204 0.000 0.095
C3,Cay 0.050 0.000 0.123 0.000 0.185
Caus 0.006 0.000 0.013 0.000 0.074

V. CONCLUSIONS

FischerTropsdc synthess canbe tsed b produce tans
portation fuels ard olefins from naural gas ard the po-
lymerization conditions canbe set tomaximize the pro-
ductionof a cetain productgeneratd by the FTSreac-
tion, su asdieselor heary waxy products.

The process caditions (pessue andtemperatre)
havea mmplex relationship with the liquid productdis-
tribution producedusing iron catalyst. Surface +e
sponses owed that the sgtan can be optimized to-
ward lower nunber averge number of cabons leading
to higher selectivty of dieselcut or o higher selectiity
of heavy waxy producs condtion which high pressire
and tenperature shoulthe enployed.

Analysis ofthe dstribution dispersion and slewness
indicated thathe carbon mnaxide plymerizaion de-
greemay be Imited by pore size.

Further researchwill be carriedout to improve the
catalyst, studying the effeof potassum contenton the
product distributiorand reacion conversion.
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