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I. EUMMARY

A. We suspect that a number of reports in the published litera-
ture of catalyst preparations that supposedly minimize wax formation
are erronecus in <hat wax may actually have accumulated in catalyst
pores and that insufficient time may have been allowed for the
effluent to represent true intrinsic kinetics. We have now made
a2 rumber of mathematical simulations to evaluate this effect and
have prepared a paper for publication summarizing these studies.

A copy is attached. An abstract is as feollows:

Mathematical simulations show the effect of pressure, temperature,
rare constant, feed composition, space velocity and Flory parameter
a, on time reqguired for pores to fill, upon licuid product distribu-
tion and vapor composition leaving the reactor. The pore filling
rate and condensed product compesition vary with position through the
reactor but not with time. The maximum filling rate does not occur
at the same position in the bed as the maximum synthesis rate. For
rezction conditions of incdustrial interest, the greatest effect is
caused by the assumed carbon number distribution of the products.

2 rigcrous parameter to generalize the results is not immediately
evident.

B. 1In the last quarterly we repcrted studies of the effect cf
the nature of the liguid on the activity and selectivity of a reduced
fused magnetite ca;alyst. For interpretation of such studies it is
necessary to have data on solubilities of hydrogen and carbon monoxide
in the liquids of interest. We have made such measurements and have
prepared a "communication" for puklication summarizing the results.

A copy is attached and an abstract is as follows:

e ————



llew data at elevated temperatures and FPressure are reported for
ostacosane, pheranthrene and Fomblin, a perflucrinated polyether,
and compared to previous litera*ire on a variety of liguids. When

hydrogen sclubilities are repcrtec ¢n a volumetric basis, substances

©f a similar chemical nature Fave very similar solubilities.



LIQUID ACCUMULATION IN CATALYST PORES IN A
FISCHEN-TROPSCH FIXED-BED REACTOR

George A. Huff, Jr,, and Charles N. Setterfield
Department cof Chemical Ergineering
Massachusetts Institute of Technoliooy

Cambridge, MA

ABSTRACT

Mathemztical simulations show the effect of pressure, temperature, rate
constant, feed composition, space velocity and Flery parareter a, on time
required for pores to fi1l, upon 1liquid product distribution and vapor
composition Teaving the reactor. The pore filling rate and condensed product
composition vary with position through the reactor but not with time. The
maximum fi1ling rate does not occur at the same position in the bed as the
maximum synthesis rate. Ffor reaction conditions of industrial interest, the
greatest effect is caused by the assumed carbon number distribution of the
products. A rigorous parameter to ceneralize the results is not immediately

evident,
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INTRODUCTION

Products ranging from methane to high molecular-weight hydrocerbons are
synthesized from carbon monoxide and hydrogen during the Fischer-Tropsch reacticn
over a variety of cdtalysts. In a fixed bed reactor at representative process
conditions, higher molecular weight products will condense in the reactor

and fi1l the pores of the catalyst.
The accumulation of non-volatile liguid, essentially a paraffin wex,
within the catalyst bed presents two problems. First, the effluent product

distribution upon bringing a fresh catalyst on stream will be biased initially



towards the lighter, more volatile products until steacy state is attained when
catalystApores in the reactor become filled with liquid hroduct and external
T1guid holdup likewise reaches steady state. Some claims in the literature
of Fischer-Tropsch products deviating from the Fliery carbon number distribution
may result from insufficient time having been allowed for steady-state to be
reacfed. Second, the 1icuid wax may inhibit tHe rate of reaction by slowing
reactant mass transfer within the cetalyst pores (Anderson, e al,, 1964).
Reportedly, the removal of this liquid product by periodic in-situ extraction
with & lighter solvent made possible increased activity ¢of German fixed-bed
reactors packed with either iron or cobalt catalysts {Anderson, 1656}, Even
though tﬁfs same phenomenon is observed for SASOL fixed-bed reaﬁtors; they
are not washed with solvent because the pores refill with wax quickly after
such-treafment and the period of high activity fs thus short lived {Dry, 1981).
In this paper, we present mathematical analyses to predict pore filling
effects in a fixed-bed Fischer-Tropsch reactor utilizing a porous catalyst.
The results of the simulation are presented which show how the distribution of
products {n the reactor effluent is predicted to vary with time and process
variables such as catalyst activity and selectivity, temperature, and pressure.
A similar analysis for a sTurry reactor system has recently been reported
by Huff (1982) and Dictor and Be}l (1983), but the behaviour of the two kinds

of systems differs because they accumuiate product in different ways,

MODEL DEVELOPMENT

Consider a fixed-bed reactor or<-ating in plug flow and containing cataly:.
part1c1és with initially empty pores. Synthesis gas is fed continuously to th.
reactor while volatile products and unconsumed reactants leave in the effluent

vapor and heavier products condense as liquid in the catalyst pores.



Irtrinsic Preduct Disiribution., Before an expression car be derivec to relate

the distribution of product between vapor and 1iguid phases, the composition

of products actually being formed on the catalvst across the bed length must

be determined. The analysis uses reaction kinetics ang product carbon number

distributicns typical of iron catalysts but the results provide guidance as

to the general behaviour that may cccur with catalysts that behave differently.
In general, the sto1chiometry-of the Fischer-Tropsch synthesis on iron

may be expressed as:

3C0+ 20 Hy = CiMyy * HyO (1)
where the average organjc product is assumed to be a hydrocarbon designated
"Cszj." The water-gag-shift reaction,.which is very fast over ircn,
is assumed tc equilibrate under synthesis conditions (Huff and Satterfield,
1984a:)

B0+ CO = €O, = Hy (2}

With the stoichiometry of Eq. 1 and 2, the conversion of reactants and
formation of products can be estimated thrcughout a fixed-bed reactor upcn
assuming that the rate of synthesis gas consumntion is dependent only on the

hvdrocen concentration to the first order (Huff and Satterfield, 1984a:)

-R, = kP (3)
H+CO H,

The actual rate of product synthesis of carbon number n is determined in
the following manner, First, the stoichiometric coefficient j is predicted by
the Flory expression for the average molecular weight, M, of pro@uct “Cszj."
On several fron catéﬂysts the molecular weight distribution cerrespends to
the sum of two chain-growth probabilities, o and @, where a, < d,e The

a, distributior dominates up to about C1O and the o at higher C numbers

1
(Kuff and Satterfield, 1984b).
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In that event,

MW = 143 = 142/(1-q,) + 14(3-2)/ (1) (4)
where Z 1s the mole fraction of product produced by the a, distribution, The
overall rate of formation of tota] organic "CJHZJ“ is estimated from eq. 3.
This value is multiplied by the mole fraction m of the total organic that
corresponds to carbon number n, to give the rate of formation of product of

carbon number n, mnlas:

m. = 2{1-a, )al”” " (1-2)(1-a2)a2”‘1 (5)

If the catalyst should exhibit enly a single value of o, then Eq. 4 and 5 are
medified by substituting G, =a and Z =1, so the second term in both equations

disappears,

Assumptions. The following simpiifying assumptiors are made: (i} Diffusion
of reactants into and product out of catalyst pores occurs fast enough to
neglect mass transfer resistances. (11) The liquid phase is considered
to be fdeal. The vapor-liguid equilibrium distribution for each carbon
number product is reﬁresented by Raoult's law., (11i) The reactor bed is
Tscthermal and isbaric. ([Most of the heat generated in the reactor comes
from the highly exothermic syrthesis step; the heat of tota] product con-
densation 1s more than 50-fold smaller.} (1v) The variation of vapor
pressure with surface curvature because of capiilary pore size is neglected,
a5 suggests: by the following example. If the nores of a fused-iron catalyst
are taken to be cylindrical with a diameter of 40 nm (Anderson, 1956) and the
T1quid completely wets the surface, then we estimate from the Kelvin equation
that the vapor pressure for a C3D hydrocarbon would be reduced by less than
20% at 225°C because of capiilary curvature, (v) The catalyst instantaneously
attains constant activity and selectivity upen start-up and maintains this

same level of performance over the course of the reaction. {iv) Only



prooucts from C.l through C100 are considered. (We found nc significant change

in the predicted results when products beyond 675 are neclected for distributions
that follow the Flory ecuation,) Products are assumed to De lTinear paraffins,
{vii) The catalyst particles are assumed to have the same pore voiume throughout
the bed.

Note that our analysis is velid only up to the time that the first catalyst
pore fills completely with 1iquid anywhere in the reactor. We do not consider
vapor-1iquic exchange or other effects once liquid begins tricklinc dowr the
reactor. This time thus represents the minimum tire for the products leaving

the reactor to exhibit their intrinsic distribution.

P

Material RBzlance Egquations, For calculational purposes, a finite-element

methoc is applied to simulate the fixed-bed reactor in which the condensation
of products is a function of both axial position and time., The reactor is
approximated as a finite number of continuous ctirred-tank reactors (termed
elements) that are operating in an unsteady-state condition, The total number
of elements i% chasen such: that convergence and stability of the firite-element
approximation is attained. For our analysis, the catalyst bed was subdivided
axially into 50 elements, which gave essentially the same results as several
cases in which far fewer elements wvere used.

A material balance written for product of carbon number n around the

catalyst particles conteined in element m gives:

rn,m - d[xn,m)/dt * yn,m - yn,m—] (¢)
synthesized Liquid Accumulation Vapor Flow Vapor Flow
in Pore Output Input

where product accumulatioh im the vapor phase of the reactor is neglected.
Vapor-liquid equilibrium is attained within each pore of catalyst contained

in elemen*t m so that Racult's lYaw can be expressed as:
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= Ve H
(yn’m)Pt/Gm (xn’n)Pn /Xm 7
100 109
where X = L X o and Gm =[{{z Y, m) + total molar flow rate of unconsumed
r= v r=1 !

reactants, carbon dicxide, and water]. Combiring eq. € and 7 yields:

X Py x. PYPe
Wxy Bt = v “'m;;':ptm‘1 - ”'?mgt m (8)
Initially, the nores are completely empty so that the boundary cordition
is xn,m = 0 end t = 0, and the feed is pure synthesis gas so that yn'o = 0.
GO = molar flow rate of hydrogen and carbon monoxide fed 1o the reactor.

Since the contribution of hydrocarbon product to the total rolar flow is
small (see eq. 1 and 2}, the tota) molar flow (Grn for element m) used is that
for the intrinsic distribution of products and reactants in which condensation
is neglectec,

Consicering the wide ranoce of carbon numbers synthesized, eq. 8 represents
a series of first-order equations that must be solved simultanecusly for each
element because of their irterdependence on Xm. However, if the rate of tctal
Tiguid accumulation dxmfdt is taken to be independent of time, then:

Xy = At (S)

where Am is 2 constant representing the total rate of ?1qujd accumulation within

element m, The consequences of this assumption are discussed in Appendix A.

Substituticn of eq. 9 into eq. 8 and integration gives:

i rn’1A]t

= form = - (10}
n,l vp
(Pn'GI/Pt+A1)

Combination of eq. & through 10 upon integration yields:

vD
Az{rn > . pn G1rn,1/pt }t
» vp..
(F’n uT/Pt*’A])

form=2 (11)

x -
n,2 vp
(Pn GZ/Pt+A2)



The preocedure is successively repeated atong the bed length for the remaining
elements.,

Given the input variables (such as GO, k, etc.), the dependence of pore filling
on time and axial position in the reactor bed is simulated as follows: Proceeding
from the first element, the constant Am for each element m is obtained by
applying the expression for xn,m (eq. 10 or 11) for n = 1 to 100 and sclving it
iteratively with the definition for Xm that:

100 x

Ko = nET Xnom Aqt (12)
The value of Am is adjusted until satisfactory convergence is cbtained., Values
of P;p are estimated by the Antoine equation from coefficients given by Zwolinski
and Wilhoit (1971). The volume of 1iquid in the pores of element m is estimated
by correcting the molar amounts xn.m with density, based on data from AFI Research
Project 44, The calculational strategy involves starting with the pores initially
empty and incrementing time until any one of the elements in the bed is predicted

to be completely filled with liquid, at which time the computation is stopped.

This final time-is called the pore-filling time.

RESULTS AND DISCUSSION

In order to understand the physical significance of some of the results
predicted by the mathematical analysis, we consider first a set of base condi-
tions, summarized in Table., and then examine the singular effect of varying
pressure, temperature, rate constant, space ve1oc1é}ii ééﬁ)ratio, and o value.
The range of reaction varfables used for {1lustration are typical of those
for a fixed-bed reactor contzining an iron catalyst promoted with potassium,

A shift in the dominating distribution at a carbon number of about 10 corresponds

to Z = 0,95 (Huff and Satterfield, 1984b),



Generai Form of Results, Consider first the base conditiens given in Table I.

For the temperature, pressure and space velocity specified, conversicns of H2
and (0 are 23% and 35%, respectively. For this case, the synthesis rate {eq. 3)
is relatively constant through the bed, The first pores to compietely fill any-
where in the catalyst bed do so at a predicted time of 311 min. Figure 1
presents & plot of both the volume percent of pores occupiec by licuid product
and the average mclecular weight of condensed 1iquid versus axial position in
the reactor at this time. The fractional volume of liquid contained in the
first element {which represents 2% of the catalyst bec for 50 total elements)
at the inlet is extrapolated to zero for a bed length of zerc (represented
by a dashec line in Figure 1) because the feed contains only pure reactant
cases. The increase in degree of pore filling progressively alono the catalyst
bed is caused by a greater fracticn of tioghter products condensing, as evidenced
by the decrease in average molecular weight with length, shown in Figure 1.
This effect is further illustrated by Figure 2 which shows how the procuct
distritution in the liquid varies with axial position at the moment of first
pcre filling,

Figure 3 depicts the ratio of product of carbon number R in the vapor
to total product of carbon number n versus n at the mement of first pore
f111ing, for three different positions {n the catalyst bed. At 263°C and
790 kPa products with a carbon number below about 30 are too volatile
ever substantially to condense whereas those above about 70 wemain mostly
as liqguid. For product ¢f a given carbon number in the range of about C35
to CGO‘ the degree of ccndensation increases with axial distance, which
accounts for the porefilling profiles observed in Figures 1 and 2. These
intermediate-range products remain mostly as vapor in catalyst pores located

near the reactor inlet where the incoming vapor-phase concentration of these



 products 1s still small, However, with increased distance through the bed a
greater fracticn cendense because their amount is larger from intrinsic catalytic
nroduction and the toctal moles of gas present is smaller from consumption of
reactants {eq. 1 ard 2). Simply put, as the term yn‘m/Gm grows through the
bed, Raoult's law {eq. 7} dictates that the value of X m increases, which
corresponds to more of these intermediate-range products condensing as liquic,

Figure 4 is a2 plot of the logarithm of fracticn cf total organic product
cf carbon number n in the vapor verﬁus n for different positions across the
catalyst bed. An increasingly larger fraction of the products fell below the
Flory 1ine further away from the inlet. This i a result of the increased
cordensation of products through the bed, as explained above.

The carbon number distributions in Figures 2 through 4 correspond to that
determined from the time reaction is started with empty pores to the moment that
the first pore is completely filled with liquid. The distributions change
with position through the bed but not with time, as shown in the Appendix.
Figure 4 shows that the steady-state distribution of products in the effluent
vapor {fractional distance of 1,0) while the pores are filling, is markedly
different from that actuazlly synthesized by the catalyst per the Flory equation
{eq. 5)}. To properly characterize the intrinsic performance of the catalyst,
§t 1s critical then that efther experiments be conducted at times long enough
to obtain the intrinsic product distribution in the reactor effluent or

condensed liquids must be properly accounted for by recovery and analysis.

Effect of Total Pressure, The conversion of carbon monoxide and distribution

of 14quid in the pores at the time of filling are plotted versus bed Tength
at pressures of 445, 780, and 1480 kPa in Figure 5. It is not surprising
that the porefilling profiles are essentizlly the same because the intrinsic
carsen number distribution of products per the Flory eguation is the same

for all three pressures. In accordance with Raoult's law {eq. 7), more
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Tignht prooucts are condensed at h1gher pressures as EV1d€ﬂCEd by the curves of
averace molecular we1ght of condensed tiquid oresented in F1gure E '

The predncted times for filling the f1rst pores as pressure 15 changed are
summarized in the f1rst sect1on of Table II. The time is shortest at tre highest
pressure of 1480 kPa for two reasons: products are fcrmed more. rap1d1y (eq 3)-
and they are ]ess vo]atl]e (eq. 7}. Both factors are 1mportant ~If the 1ncreased
rate of hydrocarbon synthesis were the so]e determ1n1ng factor then the f1111ng
time would be inversely proportional to inlet hydrogen partial pressure, PHZ'
{eg. 3) since the rate is re1at1ve1y constant gver the bed. Th1s 1atter observa-
tion is manafested by a constant sTope for curves of percent EO convers10n t

versus bed Tength in Fig, 5. On this basis the time to fill the pores at 14go_

kPa would be approximately L(pH2)4¢5-kPa/(PH2)14BO kPaJ X (time)445 kPa

[{211)/(701)]708 = 213 min. When compared to the results at 445 kPa, the. time
actually predicted is much lower, 129 min., indicating that increasad condensa-
tion of lighter products at the higher pressure is qu1te 1mporcant Hence, the
effects of both the 1ntr1ns1c reaction rate and relat1ve vo]at111ty must be
taken into account when tnterprettng pore—f1111ng resu]ts upcn changing the total

pressure,

Effect of Temperature Prof1]es of carbon monoxide convers1on and 11qu1d f1T]1ng

at temperatures of 232 248. and 263 C are 11Tustrated 1n Figure 7. The degree of
condensation of 1iquid in pores along the bed is reTat1ve1y unaf‘ected by
temperature because the d1str1but1on of products per the F]ory equatwon 15 o
una1tered This is analogous to the constant behav1our observed upon changing
total pressure, The vapor pressure of the hydrocarbon product increases

slightly with temperature so fewer Tight products are condensed. Thus the
average molecular weight of 1iquid in the pores increases slightly with

temperature (Figure 8).
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The precicted times for fiiling the first pores as temperature are changed are
summarized in the second section of Table 11, The time is shortest at the highest
température of 263°C, at which the intrinsic rate of product synthesis is fastest.
This facter outweighs the fact that products are more volatile. If the increased
1ntf1nsic rate were the overwhelming factor, then the filling time would be
invefse1y proporﬁiona1 t5 the intrinsic rate constant k. The time for pore
£1114ng at 263°C would then be approximately (k232°C/k263°C)_x (time)yqzer =
{(0.71/72.2)822 = 298 min., compared to the results at 232°C. This rough
estimate {s surprisingly c1osé to the predicted filling time of 3171 min.,
which indicates that increase in volatility at higher temperatures is &
minor effect compared with the increase in intrinsic reaction rate. Figure 8
confirms this conclusion because the average molecular weicht of condensed
1iquid, an {ndicator of volatility, is observed to be nearly independent of

temperature.

Effect 0f Rate Constant

The less active the catalyst, the longer the time required for the
first pores to fill completely but this time is gg;_inverse1y proportional

to k. This 1s shown in Table 2 for the base case.

tffect of H,/CO Feed Ratio

The time for first pore filling will decrease with increased (HZ/CO)_feed
ratio since the rate is proportional to hydrogen partial pressure and is
relatively constant over the bed. However, again the relationship is not linear,
in part because of variations in the average molecular weight of condensed
product with bed length. Some representative results are shown in Table II for

the base case,

Effect of Space Yelocity: Up to this point, the results are for a constant

space velocity. At the highest pressure and temperature considered, the CO
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conversion was only 64%, We now corsider & wide range of ceoree of conversion.
The predictec variations of pore fi1ling and carbon monoxide corversion

with space velocity are shown in Figures 9 and 10, respectively. The curves
in Figure 8 are fairly similar for space velocities of 1500 cm3 Qas [S.T.P.)/
h-g cat, and greater, in which carbon monoxide conversion is incompiete, For
Tower space velocities, carbon monoxide conversion 5 complete anc the maximum
rate of pore filling occurs at an intermediate position along the bed and not
2t or near reactor outlet, &s it does for lower CO conversions. As suagested
by Eg. 8, the effect from the chanae in rate of product formation with length
opposes that for the process by which more material is condensed. As 2 result,
even though the meximum rate of reaction occurs at the reactcr inlet where the
hydrogen partial pressure is highest {Eq. 3), the rate of pore filling continues
to increase throuoh the bed until most of the carbon monoxide is consumed
(the maximum rate occurs at about 80% CG consumption for the cases considered
in Figure 9) .

The times required to fill the first peres as space velocity is changed
are given in Table II. For space velocities below about 2000 cm3 gas (S.T.P.)/
h-g cat., the times are about the same at 275 min., which is exglained as
fellows, First, the average molecular weights of the condensed product at the
point of maximum pore fiiling ére about the same at 540 g/mo) for these cases
(see Figure 11). Second, the amount of product intrinsically synthesized is
the same because rate of reaction is unchanged with both constant values of
k and hydrogen partial pressure. However, since the average molecular weight
of condensed product 9s considerably higher at higher space velocities, the times
for first pore filling are longer (Table I1) even though the intrinsic rate of

reaction is constant.

Effect of carbon number distribution. This is discussed in terms of the Flory

parameter a. The effect of a on pore filling is shown in Figures 12-15, assuming
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that the intrinsic carbon number distribution is represented by a single value of
a. Figure 12 shows that the a value significantly changes the rate of pore fil-
11n§ at each element and that the profile flattens as the value of a increases,
At larger values cof o, the product is heavier and mostly remains as condensed
T{quic¢ 1n the pere in which it is formed, so that the effect of saturation/
condensatior through the bed s less pronounced. Similarly, the averace
molecular weight of liguid product becomes more uniform through the reactor

bed (Figure 13). As the value of a increases, the time 1o £i11 the first set

of pores decreases since the product is less volatile (Figure 14}. However,

the time markedly increzses at a greater than about C.57. khile the product

is sti11 becoming heavier, the average molecuiar weight is now quickly anproaching
infinity such that much fewer moles of products are synthesized. HKhether this

is realistic phvsically is problematical.

Figure 14 explains the observation by Dry {1981) that in the SASOL fixed
bed reactors the pores of the {ron catalyst become filled within "minutes" of
startup, The product from these reactors corresponds to a = 0.87 to 0.90, and
they opérate at about 220 to 240°C and 2.6 MPa pressure.

Figure 15 shows the time required to £i11 the first pore as & function
of a for various combirations of temperature and pressure of interest, The
reaction conditions are for the base case of Table 1, except that various
values of & single a are considered. In general, when a is less than about
0.80 to 0.85, the time required to fi1l the first pore is longer than that
typical of most laboratory experiments and-it becomes exceedingly sensitive

1o a.

Carbon Number Distribution in Vapor

It becomes evidernt that the products can be divided into three groups:
(1) those that are found essentially in the vapor after a short period; (2) those

that distribute between vapor and liquid in pores; and (3) those that exist
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essentially as liguid. The boundaries between these groups ob§10u51y depend
on many variables but in general for the reaction conditions of interest
{200-300°C and 500-2000 kPa), products below about C25 to CBO will be
adequately represehted by a vapor-phase analysis after a short uns teady
state period, those above about C60 will never be found significartly in

the vapor,

The intermediate region, about C30 to C60' is the mest sensitive to reaction
conditions. Figure 16 gives some additional guidance. It rresents the melecular
weight distribution of the vapor at the moment of first pore filling for several
combinations of pressure énd temperéture. The base case of Table 1 is again

taken, with & single a value of §.85,

Falsification of . Figure 4 shows that while 1iquid s accumulating in the
pores of the catalyst, the vapor phase product for higher carbon number material
cerresponds to a straight 1ine on a Flory plet, from which a value of a, con-
siderably less than the true_vaTue would be calculated. The reasor for this
behaviour 1ies in the happenstance that the lovarithm of the vapor pressure

of 1inear paraffins at constant temperature varies inversely with carbon number

n, i.e.,

vp _ n
Py ;8 | (13)
where (, is a constant and B is the slope of the curve. As shown in Appendix B

for higher carbon number product, the mole fraction of Cn in the crganic product

vapor, Yn m is:

Vam O< (Bray)” ~(1e)
where o 1s the true value of o, and the product B-a is that observed. Values
of B are relatively insensitive to temperature, varying from 0.69 at 232°C to
0.74 at 263°C. (See Figure 17.) Fc ~ ideal solution behaviour, B is independent

of pressure, In Figure 4, the apparent a based on the vapor at the bed exit oo



(1.0 fractional distance) and n greater than about 4C is 0.70, whereas the true

a is 0.53. This is consistent with Eq. 14 where the expected value is Ba, =

(6.93)(0.74) = 0.€5.

CONCLUSTQNS

As a consequence of accumulatina 1iquid products in the catalyst pores,
the product distribution in the vapor phase after starting a fixed-bed
Fischer-Tropsch reactor will exhibit an absence of heavy products. As time
progresses, ;he vapcr phase compogition is predicted to be unchanged until the
firs;.poteicomplete]y fills. Beyond this.point, the observed distribution will
become progressively more;characteristic.af the intrinsic catalyst behaviour
as liquid oozes out of the pores and begins to trickle down to the reactor
exit,

The fﬁ11iﬁ§ of catajysi pbres.wﬁth ]iquﬁd is complex. Several principal
tonE]ﬁsfons about'this phéﬁomenhﬁ are reached based on fhe simplified mathematica)l
ana?yses'pre5entéa in this paper: (1) Thé rate of fi]Tihg of cata1yst‘pores
varieﬁswith.pbs%fion %hroUgH fhe reactor but not with time, up to the time the
first pore-ﬁs tdhp]eteTy fiI1ed.' (2) The héximum rate of filling of pores does
not occur at the same poSitﬁon in the bed as the maximum rate of synthesis,

{2) The product composition in the catalyst pores varies with position in the
bed but not with time, until the first bore 1s-comp1ete1y filled. ({4) While
aTi-iﬁe porés ?111'w1th 1iqu1d.nthe.intrinsic product distribution may be such
that the time required hay be on thé order of minutes or so long as tc approach
infinfty.

Several simulations of the effect of reaction variables such as pressure,
temperature, €tc., on pore filling provide guidance in design and interpretation

of data: (1) A change in pressure affects volatility and intrinsic rate. Both

... factors significantly affect pore-filling behaviour, (2). The major effect of

changjgg;temperature 1s. that 1t changes the synthesis rate; volatility is of .





