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ABSTRACT

A 4.5 wt%.iron supported on Carbolac - 1 catalyst was prepared by incipient wet-
ness and cliaract;rized by in-situ Mosshauer spectroscopy. The reduced catalyst exhi-
bited suﬁerparamagnetic iron at RT as well as extreme sensitivity to oxygén; Both of
these results are indicative of small (~20& ), very. highly'dispersed iron crystallites.
After nitriding to é-Fe,N followed by Fischer-Tropsch synthesis (with 3:1 Hp /CO at
" 250°C) for 20 hrs, the sample was re-reduced m H, for 8 hrs at 400° C. The re-
r{educe'd spectrum showed that ~84% of the iron appeared to be bulk-like, indicating

that the reaction environment can induce iron migration on the catalyst.

Computer simulation of the decomposition of a 4/ —Fe,N catalyst in hydrogen al

523 K indicates tilat the observed ammonia evolution curve can be modeled by a two

step process. The model incorporates a conversion from a homogencous mixl.x:xrc of

_nitrogen in the core into a surface nitrogen species,'which,._ix‘s‘ s.ubsequently hydrogenated
p W

to ammonia. The model demonstrates that competition bf"l’twcen this nitrogen surface

species and adsorbed hydrogen for the available surface sites can account for the max-

“imum in the observed NH, evolution rate. Other models incorporating shrinking core

distributions of nitrogen in the core failed to fit the experimental results.



1. OBJECTIVES AND SCOPE .

1.1 BACKGROUND

The feasibility of utilizing synthesis gas (CO+H,) via the Fischer-Tropsch reaction

pathway for the production of fuels and chemicals is well established. The SASPL ven-

tures, for example, take advantage of abundant coal resources to produce both desir-

-able synthetic automotive fuels..and basic chemical feedstocks. The applicability of
these chemical transformations is nonetheless limited. The present procedure requires
extensive procez;i:ng if“the production of norlliessential byproducts is to be avoided.
The discovery and subsequent usage of improved catalysts would therefore be advanta-~

v,

geous. o

Experimental results published in the current literature show that nitrogen affects
the performance of iron catalysts-catalysts which ﬁﬁd widespread use in the Fischer-
Tropsch synthesis- route. Prenitriding of the iron eatalyst has been reported to shift the
product distribution to one exhibiting lower molecular weight fractions and enhanced
aleohol yields (1). On the other hand, simultaneous introduction of ammonia (NH;)
with synthesis gas produces nitrogeneous compounds (2, 3, 4). Furthermore, and prob-
ably of greéter importance, tiﬁs addition of ammonia effects a reduction in the overall
chain length of compounds in the. product spectrum (2). It is of considerable interest,
therefore, to study these and other characteristics of nitrided iren catalysts in order to
gain a basic understanding of th?ir behavior. Discovery of the new pathways in

Fischer-Tropsch synthesis afforded by nitrogen will add to the fundamental knowledge
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from which future synthesis catalysts can be derived,

1.2 OBJECTIVES

The scope of the program may be broken down into two main areas of concern.

Firstly, consideration must be given to the role of the surface nitrogen in

o
-

i. altering the product distribution and

ii. stabilizing catalyst activity.

of the synthesis reactions. In-situ Mosshauer studies identify Lﬁe variqu.%_ iron nitride
phas'es and. allow for __:examination‘of their stability during reaction. The Mossbauer
results form 'th:‘g basis for detailed kinetic t;acer experiments inv'-olving transient and
"isotope labeling analyses. Ultrahigh vacuum work using SIMS and AES will supple-

ment the Mossbauer and kinetic characterizations.

The secc;nd area cl)i' consideration involves the kinetic andc_&talyti‘é effects cbserved
during the addition of ‘amm__pnia to the synthesis gas stream. Transient work is ideal
fc;r observing initial activity changes occurring as a result of NHy pulses. Along with
ultrahigh vacuum studies, the transient kinetics of NH; addition will help clarify which
steady state experiments would be most productive. The various analyiical methods‘
will define interactions between surface and bulk nitrogen; and their rqle in effecting

s
new reaction pathways.

*

The primary experiments which define our route to understanding which parameters



influence the selectivity and alter the aclivity of synthesls reactions may, therefore, be

outlined as follows:

i. Mossbauer and simultaneous kinetics of prenitrided iron catalysts will be
used to determine nitride phase stability and to correlate these phases to
reaction selectivity. The initial pressure of one atmosphere may later be
increased.

ii. Similar analysis of the effects of addition of NHj to the reactant stream will

be performed.

fii. Transient analysis and isotope tracer studies of synthesis reactions over
prenitrided catalysts will determine surface nitride stability. The
- “stoichiometry at the surface and influence of nitriding on CO dissociation

will be sought.

iv. Ultrahigh vacuum analysis will examine surface stoichiometry and reaction
intermediates. Interaction between the nitridied phases and adsorption band

strengths of CO and H, will be investigated.

v. The effects of NH; addition to the reactant stream will be similarly followed
by UHV and transient tracer studies to determine possible alterations in

reaction pathways invoked by the presence of NHj.

Computer modeling will be undertaken to aid in quantitative interpretation of transient

data.



2. TECHNICAL PROGRESS -*

2.1 Summary of results

A]

In this report, we consider computer sxmulatlon of different proposed mode]s for the
decomposition of a ¥/ -FesN catalyst in hydrogen into a—Fe and NH3 at 528K. The
" experimental results, which we presented in an earlier report (5), mdxcated a slow
activation of the decomposition reactiori: Ammonia produced from the catalyst built
.slowly to a maximum only aftel":: approximately 100 seconds. Intuitively, we can rule
out nitrogen diffusion within the catalyst bulk as the sole rate limiting si;ep, since this
proceés would have the highest rate at the start of the reaction. Likewise, a single rate
limiting surface reaction would build to a steady state decomposition rate which is alsoﬁ

not observed.

Relatively simple models combining a number of reaction steps :can be written for
the catalyst system in & CSTR. “We have found that the experimentally observed
ammonia decomposmon rate can be qualitatively reproduced by a model mcorpomtmg :
a step to convert bulk nitride to sur{ace nitroéen followed by subsequent hydrogenation
of the surface nitrogen species. In .Lhe model, surface nitrogen dominates the surface at
the start of the reaction, effectively blocking out surface hydrogen, and ihus the rate of
‘ammonia production is low. As the bulk nitride concentration decreases, so does the

surface nitrogen, thus allowing for more surface hydrogen and higher surface reaction

rates to ammonia. Finally, the conversion from nitride to surface nitrogen limits the
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reaction as the nitride concentration becomes small. Other mcdels incorporating

diffusion or shrinking core approximations could not fit the experimental results.

Also in this reporting period, a 4.5 wt% iron supported on Carbolac - 1 catalyst was
prepared by incipient wetness and characterized by in-situ Mossbauner spectroseopy.
The reduced catalyst e)ihibited superpara.magnetic iron at RT as well as extreme sensi-
tivity to oxygen. Both of these results ar; indicalive of small (~204), vngy highly
" dispersed iron crystallites. After nitriding to é&~Fe,N-followed by Fischer-Tropsch syn-
| thesis (with 3:1 Hy/ CO at 250° C) for 20 hrs, the sample was re-reduced in Hj for 8 hrs
at 400° C. The re-reduced spectrum showed that ~84% of the iron appeared to be
bulk-like, indi:éating that the reaction environment can induce iron migration on the

catalyst.

2.2 Computer Simulation of Denitriding in Hydrogen

In a previous report (5), we presented the experimental result for the decomposition
of o/ -Fe,N in hydré:gen:;at 523K. The ammonia curve, reproduced as the “experimen-
tal” line in Figure 1, indicates two distinet maxima. The first small spike is primarily
from an a,ctive surface species and the second large maximum is from hydrogenation of
mtrogen from the bulk. The bulk hydrogenation exhibits ar, ‘‘autocatalytic”
phenomenon in which the rate steadily increases over a long penod This behavior
immediately rules out simple models for the reaction mechanism. If the reaction were

limited by the diffusion .of nitrogen to the surface from the bulk, the reaction would

proceed at the maximum rate and decrease thereafter. Likewise, a surface reaction
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limiting would quickly come to steady state and evolve ammonia at a constant rate.

r

Since neither a simple bulk diffusion model nor an equilibrium surface reaction
model. will predict the behavior observed in Figure 1, a model incorporating both t};e
_ bulk conversion to. surface nitrogen and the subsequent rezction must be proposed to
explain the “autocatalytic” phenomenon:- For the first approximation, the surface area
~and the reactib;l rate constants are assumed to be constant during the entir-e decompo-
sition. Since the surface of '7' —Fe,N is the first to be converted to a-Fe, this is not an
unreasonable assumption. For the higher nitrides (¢ and ¢}, however, the surface may
not convert to the o phase immediately, since the decomposition rate is significantly

different for these catalysts.

The simplest model for this process involves only two key ;;:'_'éction steps and an

equilibrium step:

) k1 (1)
'Nnitride +s5— Nsurf
Kz ©

Nsérl‘ &+ Hsurl‘ - NHsurf

NHsurf + 2Hsurr - NH3 . )



K : 1S
Hz + 25 : 2Hsm.r (4)

The fast step does not affect the production rate of NHj.

.For the caleulation of lhydrogen surface coveragé, -the adsorption/dcsorp!.ibq :
processes are assumefi to be in  equilibrium. These processes are very fast compared to
surface reaction rates to produce ammonia. The rate, with appropriate activation
. energy and preexponential factor, for hydrogen desorption from iron at temperatures
around 400 K is given by Benziger, et al. (6) as:

rate = (l,.5 x 1072 cmz/aton} s)o j-exp(—86.6(Kcal/mol)/RT) (8)
where oy is the coverage of hydrogen m af:oms/cmz. The adsorption is assumed to
proceed through an unactivated process at the collision frequency with an empty site,
given by:

rate = 1/4 v ng, n, (6}
where v is the velocity aﬁd ny, is the density of H, at reaction conditions, 523 K. By
undimensionalizing the factors N, ng and oy, the equilibrium constant K is pbtained by

equating these two rates at 523 K such that:

— (Hsurf)2 - ka.ds
(S)z(Hg) kdes

The sites available for hydrogen adsorption are those mot occupied by nitrogen, since

= 1584 Y

NH, species are very reactive and present only in small quantities. By a total site bal-

ance:

(Hsurf)+(s) +(Nsurf) =1 . ' (8)



Since Ng,¢ is known atany time step in the simulation, we can combine equations (7)
and (8) to solve for {S) and (Hg,) in terms of Ngy:
S = 0.08(1-N,¢) ©)

H = 0197(1_Nsnrf) (10)

surf

These last two equations describe the hydrogen surface coverage during the simulation.

In the simulation, the nitrogen surface coverage is determined by the numerical
solution to the:‘diﬂerentiai equations describing the model. The corresponding hydrogen
surface coverage and empty sites are determined as a function of the surface not occu-
pied by nitrogen. Physically this corresponds to rapid surface hydrogen adjustment to
changes due to the two reaction steps (1) and (2) during an individual time step. In
essence, the time it takes to adsorb and desorb hydrogen is assumed to be infinitely fas;

ter than the rates of change of nitrogen reactive intermediates.

For the first approximation, the initial spik.e of ammonia is not ‘considered‘, since
this fast reaction might indeed be of the same speed as hydrogen adsorption, and thus
the assumption of equilibrium for hydrogen would be invalid. Furthermore, the addi-
‘tion of the reaction steps for this species would necessitate the mathematical modeling
of an extremely stiff set of differential equations, which is possible but not justified for
the first approximation. The two reaction steps (1) and (2) are also considered o be

irreversible to make the simulation as simple as possible.




This model assumes that the bulk particle is a homogeneous mixture of nitride

while it decomposes. Reaction step (1) shows that production of surface nitrogen

species Ngp Is deperfdent only on the number of empty surface sites and a bulk concen-
tration N rige,, which reflects the homogeneous core approximation used in this model.
Other models that consider either diffusion or heterogeneous nitride mixtures within the

core will be considered subsequently.

Figure 1 displays the results of the simulation for the decomposition of " —Fe,N in
hydrogen. Althé)ugh the rise in ammonia to the maximum rate is not well matched by
the simulgtion, the general features of the experiment and the simulation are similar.
The decay in the ammonia signal in the simulation agrees well with the experimental
results, and is the result of equation (1), the conversion of nitride to surface nitrogen,
dominating the rate of ammonia production. The decay curve can be made to fit
exactly but at the expense of further disagreement with the rise to the maxiﬁ11n1. The

fitted parameters are given in Table 1.

The uncertainties in the parameters are measures of the sensitivity of the simulation
to changes in that value. The most criticélparamet'er is ko, the surface rcac{.ion rate
constant. A change in this parameter moves the position of.the maxi'mum, a.r;d ko is
virtually ';ndependent of changes in the other parameters. The parameters q; and g,
are included to convert the individual rate units to the x;ormalized dimensionless con-
centration of NH; (gas phase), Ngr (surlace), or Npjinige (bulk). The entire success of
the model is due to the choice of s, the fracvtion of empty sites, and the correspd'ﬁding

hydrogen surface coverage hgy,r in equilibrium with this choice. At the initial exposure

1}
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Table 1

Simulatiop Parameters

k
. Nninide + 5 = Noget

ke
Neyet T Hsu.rf — NI;

parametér units value

ko mol N converted
1

- 23 + 1 sec”!
{mol surface atoms)(sec) se¢

K mol N converted
2 (mol surface atoms)(sec)

0.92 = 01 sec™!

. mol surface atoms

——— 2.207 x 107%
mol original nitride

0 mol surl.‘ace atoms 6.037
= mol void volume

mol empty sites

time=0) 2.0 +1x 1071
S0 mol surface atoms (time=0) . 2
mol surface H . 0.97
H time=0) ——xs
- surfo mol surface atoms ( ) 0.03 ¢
mol surface N .
NsdrfO o (nme—O) | Hsurlﬁ =5

mol surface atoms

"fixed parameter for system
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to hydrogen, the model predfcts that the surface is virtually saturated with nitrogen,
~ and hydrogen is limited to less than 3% of the surface. The surface reaction to form
ammonia (equation 2) is limited because Hgyy is small. As the reaction proceeds, the

pitride is depleted, and the surface nitrogen decreases, causing an increase in surlace

13

hydrogen. The maximum rate of ammonia production corresponds to the point where

~

nitrogen and hydrogen surface coverages are equal. Ammonia production thereafter
. decreases due to further decreases in nitrogen surface coverage. During the decay part
of the curve, the conversion of nitride to surface nitrogen ("equation 1) becomes kineti-

I0

cally important.

A number of other models were considered that did not converge on the experimen-
tal curve. The’conversion of nitride to surface nitrogen, reaction (1), assumes that the

concentration of bulk nitride is homogeneous within the catalyst particle and therefore

in intermediate samples of 2 ¢ nitride hydrogenated at 473 K, and has suggested that
this represents a shri_l_lking core of nitride, a substantially different I;hysical picture thgn
the_\_:homogeneous model in the simulation. Two different models were consid;‘rcd that
incorporated the shrinking core analogy. In the first, the rate of accumulation of sur-
face nitrogen was assumed to be a function of the area of the shrinking core (core area
miodel), while the second fnodelu considered the cpncentration gradient within a pzirt.icle
(diffusion ;nodel). In the latter model, the surface nitrogen was given by the concentra-

tion of nitrogen at the surface as a function of radial distance from the shrinking core.

RN



The first shrinking core model (core area) involves a reaction of nitride on the boun--

dary of the shrinking core to nitrogenthat quickly diffises to the surface. The area of s

the shrinking core is simply proportional to the fractio;x of nitride remaining r;.ised to
the 2/3 power, and thus the original homogeneous model is simply modified by replac-
iné Npsride with-i\f,?,/,fide. The results of this model are shown in Figure 2. Not only did
the rise in the simulation .ammonia, curve not match ‘the experimental curve, but the
- decay missed as well. The si'rgélation'Tcaused the ammonia signal to fall off much faster

than desired, regardless of the parameters chosen.

The second simulation (diffusion morfel),._salved the mass transfer equation for

1

diffusion in a solid: o

- (11)
(Der . or ) at

10
r?' dr

where r is the radial distance in a particle, anc D, is the diffusion coefficient of nitrogen

_in a—Fe.

LI we consider the time.’ term as insignificant between time steps, this equation can
be solved with the addit.iona'i-”ti;'*..s.fo boundary conditions
abr =1 Cpiride = Open =)
at r =R, diffusion flux = surface reaction rate
where r, is the radius of t_he‘shfinking core and R is the radius of the original particle.
The second bc-)‘undary condition simply states that the chang;a in surface coverage is

insignificant during a time step. The solution of this equation gives the conceniration

14F

(13)
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gradient within the particle:

. A :
CNeridc - T + B : (1)

where A and B are constants in terms of the radius of the shrinking core r,, and are

-~ Ee

given byj \\
— Rz k2 Dgyefo CN(R) hsurf L (15)
S D, Cu(FeyN)
B = Cy(FeN) + £ (16)
e
where

R = radius partlcl:\;?!u‘

k, = surface reactit;l rate constant

Ngyrro = initial surface nitrogen

Cn(R) = concentration of N at surface

hgy,r = surface hydrogen

L = moles surface sites

S = surface area of total particles

The simulation calculates the radius of the shrinking core during each time step as a
function of the total nitrogen removed, and then solves equation (14} to find the con-
centration of nitrogen at the outer surface of the particle. Schwerdtfeger has deter-
mined the diffusivity of nitrogen in various phases and reports a .value of

2 x 10710 ¢m?/sec for @ iron at 773 K (8). Using this value in the simulation causes

complete saturation of the surface with nitrogen, regardless of the radius of the shrink-



ing core. The radial gradient for nitrogen is near zero for this case. When the
diffusivity constant is decreased to order 107*"em?/sec, the diffusion is sufficiently slow

to compete with the surface reaction. The results of this model are also shwn in Fig-

ure 2. The result of this simulation is an ‘‘autoignition” point, where the increase in

surface reaction accelerates the decrease in size of the core until the nitride is

exhausted. The failure of this model is in its inflexibility; the other models h%d a reac-
- tion for nitfide conversion to surface nitrogen whereas this model assumes the surface
coverage is given eptirely by the radial gradient in concentration. In fact, any model
that relies on the boundary condition of a radial gradient determining the su;-race nitro-
gen concentration cannot predict the experimental results. As soon as the core is
significantly depleted, sharp radial gradients translate into virtually no surface nitrogen,

and the reaction quickly diminishes to a low rate.

A number of modifications were made to the surface reactions of t‘,her original hbmo-
geneous model in attempts to fit the experimental rise in ammonia evolution in Figure
1. These modifications included making either reaction (1) or (2) reversible and fitting
rate constants for these back reactions. In nefther case, however, could a satisfactory

fit be achieved. Adding an extra reaction step:

ke

NHsurf + Hsurf - NHZ ) ()

s
provided promising results, but at the .cost of missing the maximum. This simulation
involved fitting 6 different parameters, including the surface coverages before introduc-

tion of hydrogen and the reaction rate constants. In all probability a sequence of rever-

17
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sible reaction steps, with this extra species included, would provide an exact fit of the
experimental data. This simulation, however, would involve so many adjustable
parameters that many sets of values could probably be found to fit the data, thereby

diluting the desired goal.

The simulations have at least provided a basic mechanism by which the decomposi-
tion in hydrogen could occﬁ-’;. The remarkably good fit of the homogeneous nitride
model with the decay curve supports the homogeneous core mechanism of equations 1
and 2. Alternatively, if the volume of the shrinking core could sorﬁehow be linearly
related to the rate of n-itride conversion to surface nitrogen, the simulation could

accommodate this form of decomposition.

2.3 Preparation and Initial Characterization of Carbon-Supported Iron Catalysts.

a) Preparation

The nominal loading of 5 wt% iron on a carbon support was prepared by an inci-
pient wetness technique (12). The carbon support used was Carbolae-1 (C-1), obfl;xined
from Cabot Corporation. The Carbolac was desulfurized prior to impregnation by br&
longed reduction in H, at 1223 K for 18 hrs. The BET surface area was 1000m3/g. An
aqueous solution of iron nitrate (Fe(NOj) ‘0H,0) was added dropwise and mixed
between additions. The final weight loading was 4.5 wt% based on iron metal. The
catalyst was air dried at RT for several days, then the nitrate ion was decomposed by

reduction in H, (75 ml/min at 140 ° C for 4 hrs, followed by 200 °C for 1 hr). Air was

18



allowed to back-diffuse to the catalyst overnight to gently passivate the surface. The
catalyst was sieved to 40-60 mesh to allow adequate void space between particles after
compression. The self-supporting Mossbauer absorber wafer of catalyst (OD = 5/8”)

was composed of 160 mg of 4.5 wt% iron on carbon catalyst and approximately 100 mg

of desulfurized 40-60 mesh C-1 (as a diluent). The compression was done in a hydraulic,

. press at ~ 3000 psia.

The wafer was then mounted in the in-situ Mlissbauer cell, and the cell was leak
checked by pressurizing to 300 torr above atmospheric and observing any pressure
change over a 30 min period. Once the cell had been found leak-free, the purge and
outgas cycle was begun: First, we flushed the cell with purified He at 50 ml/min and
RT for 20-30 min to remove any O,. Next, we switched to H, and heated to 120° C to
remove ﬁZO. The sample was redu;ed in flowing H, at 50 ml/min and 400 ° C {673 K)
for 16 hrs. Following the prolonged reduction, the sample was cc?oled to RT, the flow
of H, reduced, and 2 RT spectrum was obtained (Fig. 3a). We then exposed the sam-
ple to flowing He: ;).t RT for 21 hrs and took another RT spectrum (Fig. 3b). The sam-
ple was again -reduced briefly (éhrs) in Hy at 400 ° C prior to nitriding. The nitriding
conditions were 100% NH; flowing at 50 mi/min at 400° C (673 K) for 8 hrs. The
¢Fe,N phase was formed as 1s seen in the RT spectra (Fig. 3¢). A premixéd blend of
3:1 Hy/CO was then reacted over the catalyst wafer at approximately 1 atmosphere
and 50 ml/min at 250 ° C (523 K) for 20 hrs (Fig. 3d).. Finally, the sample was rere-

duced in Hj at 400 ° C for 4 hrs, cooled, and another RT spectrum obtained (Fig, 3e).

19



F44)

Figure 3.

2)
b)
c)
d)

e)

Mossbauer Spectra of 4.5 wt% Fe Supported on Carbolac.

Reduced in H, @400°C for 16 hrs.
Exposed to He €RT for 21 hrs.

Nitrided to ¢ -Fe,N using 100% Ni, @400°C for 8 hrs.

2
Post - FTS @250°C for 20 hrs.

Rereduced in Hz @400°C for 4 hrs.
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b) Mossbauer Spectra

The bowed bacl&,ﬁéf?;und and broad singlet at 0:d mm/sec shown in Fig. 32 may be
aseribed to superparamagneiic Fe’. Because of thermal randomization of the nuclear

spins, a magnetically split spectrum will collapse when the sample is heated above the

Curie or Neel temperature or when the particle size is small such that the magnetic.

_ anisotropy energy (KVsin20) is less than kT (10). In other words, the typieal six liné
iron pattern collapses to a superparamagnetic singlet when the relaxation iime is short
compared to the lifetime of the excited state of the nucleus. Since our sample shows
superparamagnétism at 208 K (vs 1046 K for bulk Fe), we may conclude that our iron
crystallites are very small. ‘Further work, including x-ray diffraction line-broadening

and H, chemisorption will provide quantitative values for the size of the crystallites.

Another unusual feature of -spectrum 3a is the peak at 0.8 mm/sec. We assign this
peak to Fe?* | which arises from incomplete reduction of the passivated iron. How-
ever, Fe? ™ is normally a doublet with measurable quadrupole splitting, insiead of a sin-
gle peak. The lack of QS is the result of the fortuitous cancellation of .the valence con-
tribution to the electric field gradient with the lattice contribution (10)._ When the
spectrum is obtained at different temperatures, the magnitude of the valence contribu-
tion to the electric field gradient changes and no longer cancels the lattice part. The

singlet then splits to a doublet.

Spectrum 3b was obtained after exposure of the sample giving 3a to He at 208 K for

91 hrs. The most important feature of this spectrum is the increased absorbence of the




Fe?t peak at 0.8 mm/sec. This change indicates the extreme s.ensitivity of highly
dispersed reduced iron to trace amounts of O, (9). Our helium was Matheson UIIP
grade (Nz,Oz,Ar,ClOz,THC as CH,H,0 < 10 ppm) and was further purified by two
Scott Specialtyb Gasses Oxygen Traps, each with 99% oxygen removal efficiency. Thus,
the oxygen concentration was about 1 ppb. So we see that it is risky to expgse a

reduced sample to helium for any length of time and therefore all subsequent speeira

-are taken in the gas to which the sample was exg_psed during pretreatment or reaction.

Helium will only be used to passivate the samples prior to exposure to air and t6 purge
the in-situ cell prior to treatment. The third spectrum, Fig 3c, was taken after nitrid-
ing in 10056 NHj at 673 K for 8 hours. According to (7), this treatment should give the

¢Fe,N phase, which has a characteristic Mossbauer spectrum consisting of an intense

doublet with IS = 0.43 mm/sec ar'iii";\;):S = 0.28 mm/sec. Attempts to fit Fig 3c with '

these parameters have not succeeded. The peaks are slightly asymmaetric and appear

broader than previous bulk ¢-Fe,N samples. These results may be caused by the small

size and thus more heterogeneous environment of the iron phase.

The fourth spectrum, Fig 3d, was obtained following Fischer-Tropsch synthesis at

523 K for 20 hrs. This spectrum has the same general appearance of other bulk.

nitrided samples following FTS and indicates a complex mixture of nitride, carbide and
carbonitride phases. These spec'tra, are very difficult to fit because of the multiple over-
lapping patterns. Mosshouer spectroscopy at cryogenic temperatures is planned to
increase the splitting of the hyperfine fields and confirm the assignments of the room

temperature spectra.



5 The fifth and final spectrum of this series, Fig 3e, followed a ré—reduction in Hj at
673 K for 8 hrs. The obvious feature is the bulk Fe metal pattern. This fitted spec-
trum contains additional species with intensity near the center and accounting for 16%
of the spectral area. The remaining 84% corresponds to bulk Fe with characteristic

parameters. We may conclude that the iron crystallites have increased in size caused

by sintering during the nitriding-reaction-re-reduction process.

¢) Kinetic results

After nitriding the 5 wt% supported iron catalyst to ¢~Fe,N by exposure to 100%
NH; at 673 K for 8 hrs and obtaining a RT spectrum in NH; , we heated the cell to
950 ° C (523 K) prior to beginning Fischer-Tropsch synthesis. Once the temperature
had stabilized, the gas was switched to a premixed blend of H, and CO with 2 ratio of
H, to CO of 3:1. The gasses were of UHP quality and stored in an aluminum l;igll
pressure cylinder to avoid the formation of undesirable iron carbonyis. Reaction tem-
perature was 250 ° C (523 K) and fhe total pressure was approximatel; 1 atmosphere.

The reaction products were sent to an automated gas chromatograph for analysis.

Each GC analysis cycle took 40 minutes.

The olefin-paraffin ratios for C, 's and (53 's were high initially and then stabilized
for the remaining period of time (Figyres 4 and 5). The CO conversion (CO; -free

basis) exhibited an initial peak and then a slow decline as shown in Fig 6.
.r‘,"—-"é’

i

Without an accurate measure of iron crystallite size, we cannot accurately calculate

turnover frequencies for comparison with literature values. However, since we know

24,



25

1sdteary NC04- 2 poartoddng woxy m.mu 103 OT3IBY UTFIvIT] 03 UTLIOTQ "y oandiy

k.

(S¥H> FWIL
p2 81 at 22 s g
+ -~ ¢ —- 3 ——— 2
T &2
] }lwrlt. \li1lIlIII\i?l\\lﬁW\\\\\\\t\Jﬂl&l&?l#//
T T

22 "2
S.23 ¥04 OILVY NI4d4VaVd/NIL3 10

ps°t

OILVY



26

ge

=]

s3sA1vin) ZNP.T 2 pozaoddng woxy m.mu 10J OT3IRY UTJIRIBg 01 UIIDTQ -GS OIniIy

(SaH> 3WIL
ag s

at

—car @t~ ..cllllﬁ

= s * ——— e e

x

S5.EJ d04

—

OILVY NI4dVdvd/NIL3TI0

] 4

22°8

g ‘s

OILvy



27

. i
.umzamunu ZNeu- u wophcaasw Ecpmﬁm«msﬂomhm| mouu :cﬂmam>:ouou.coa=mwm

(SAHY 3WIL
e st B1 P8 'S B

-S ‘
+ - e e | a
{

|

%7
n
o

R e e . “em .|||.|..: wo— . - . &E ON
1-3 NO =4 40 (33¥4-203) NOISH3IANG3 03

(%> NOISM3ANDD 03



that the iron particles are small, we estimate their size to’be 25 A . Using this value we

3 molecules

. . This number
sitesec

calculate the turnover numbers at the maximum to be 7x10™

is slightly below the value of 4x1072 found “for the bulk nitride and is eonsistent with
the findings of Vannice et al that the specific rates for small iron particles on carbon
are sligh.t]y below values formed for more conventional iron catalysts {9). We also note
that the decline in activity after a maximumlis different f;om the steady rates found for
unnitrided Fe/Carbolac. The decline may well be related to the sintering obsgfved

after rereduction and will be examined in further detail.

FUTURE RESEARCH

We will computer fit the Mossbauer spectra in Figure 3 using our new fitting pro-
gram which us;s combinations of elementary subspectra. This program avoids the mul-
tiple linear constraints which must be imposed on the old program to yield physically
meaningful parameters, and also allows for distributions of parameters. The next task
will be to prepare supported iron catalysts having higher weight loadings and
correspondingly larger particle sizes. The average particle size will be determined by
x-ray difiraction line broadening, Mdssbauer spectroscopy, and selective Ilz_gh-emisorp-
tion. After nitriding these catalysts, we will study the effect of particle size on catalyst
activity and selectivity. We also plan to confirm the altered selectivity following pre-
oxidation of a nitrided catalyst, which was discussed in an earlier report. We will begin
by repeating the procedure on a bulk iron catalyst and later extend these experiments

to supported iron catalysts.

-3
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