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ABSTRACT

The synthesis of e—re2.7N.is confirmed by Mossbauer spec-—
troscopy. Carburization of e—iron nitride for 2.5 hours in
3H/CO at 523 K starts the formation of a bulk structure similar
to thal seen dUring ¥’-iron nitride carburization. Reaction of

¥/~Fe N in 3C0/H. synthesis gas at 523 K shows a better bulk sta-—

4 2
bility than reaction in SHQICO. Kinetic analysis of the product
distribution at the higher CO ratio confirms greater activity and

selectivity maintainance.

The kinetics of denitriding in both He and H2 was studiod
with a mass s#ectrometer. Extremely rapid nitrogen Ios; was
observed from both 3’-Fe4H and c—Fea.?chatalgsts in H2 at 523 K.
In both cases a initial exposure to Ha praoduced a signi?icant
amount of NHa which we ascribe to an active surface species.
‘Hydrogenation of the bulk continued with a slob rise to @ maximum
about 90 second= after the introduction of HQ' The denitriding
activity of the e—Fegg?N catalyst was significantly higher than
that of the U’-Fe4N catalyst. In contrast, the gonitriding rate
of c-F02.7N in He was signi?icantlg slower than that in H2 until
high temperatures (773K) were reached. An overall activation

energy of 41.5 kcal/mol was obtained for this process.

Comparison of the denitriding rate of virgin e-Fe2 ?ﬂ in H2
with that of the same nitride after five minutes of carburization
during the hydrocarbon synthesis reaction indicates large differ-

ences in the overall rate. The carburized nitride was some 300



times less active to bulk hydrogenation than the virgin catalyst.
which is indicative of significant changes in the first few

layers of the nitride during the initial minutes of the synthesis

reaction.

-




1. QBJECTIVES AND SCOPE
1.1 BACKGROUND

The feasibility of utilizing synthesis gas <(CO + Hy) via the
Fischer-Tropsch feaction pathuay ﬁor'tho producfion of fuels gnd
chemicals is well established. The SASOL ventures, for example.
take advantaege of abundant coal resources to produce both desir-
able synthetic auvtomotive fuels and basic chemical feldétocks.
The applicabilitg of these chemical transformations is nonethe~
less limited. The present procedure requires extensivﬁ process—
ing if the production of non-essentisl byproducts is to be
avoided. The discovery and subsequent usage of improved

catalysts would therefore be advantageous.

Experimonfal results publiihod'in the current literature
show that nitrogen affects the pirPorﬁun:o of iron catalysts~—
catalysts which find widesproadvpso in tho Fisch|r—Tfopsch syn~-
thesis route. Prenitriding of the fused promoted iron and pre-
cipitated iron catalgsf is said to shi9t<tho;product distribution
to one exhibiting lower molecular weight fractions and enhanced
alcohol yields (1.2). Iron nitiides with high initial aétivitu
and significant stability over weaks of pxporimohtation @ro ilso
reported (1;2). On the other hand, simultaneous introduction of
ammonia (NHS) with synthesis gas produces nitrogeneous compounds.
Furthermore, &nd probably of greater importance, this addition of
ammonia effects & reductién in the overall Ehain léngth of com-

pounds in the product spectrum (3, 4). It is of considerable
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interest, therefore. to'studu these and other characteristics of
nitrided iron catalysts in order to gain a basic understanding of
their behavior. Discovery of the new pathways in Fischer-Tropsch
synthesis afforded by nitrogen will add to tho fundamental

knowledge 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

i. altering the product distribution and
ii. stabilizing catalyst activity

of the synthesis reactions. JIn~gjity Mossbaver studies, are aid-
ing in the identification of the various iron nitride phases and
allow examination of their stabilitu during reaction. The
Mossbauer results are forming a the basis for detailed kinetic
tracer experiments invelving transient and isotope labeling ana-
iyses. Ultrahigh vacuum work using SIMS and AES will supplement
the Mossbauer and kinetic characterizations. XRD studies will
supplement the Mossbaver effect in identifying the bulk iron

nitride phases.

The second area of consideration will involve the kinetic
and catalytic effects observed during the addition of ammonia to

the synthesis gas stream. Transient work will be ideal for

Tiobsorving initial activity changes cccurring as a result of NH3



pulses.

Along with ultrahigh vacuum studies, the transient

kinetics of NH3 addition will help clarify which steady state

experiments would be most productive. The various analytical

mothods will define interactions between surface and bulk nitro-

gen, and their role in effecting new reaction pathways.

The primary experiments which define our route to under-

standing which parameters influence the selectivity and alter the

activity of synthesis reactions may, therefore. be outlined as

follows:

ii.

iii.

iv.

Mossbaver and simultaneous kinetics of prenitrided iron

catalysts are being used to determine nitride phase

stabilitq and to correlate these phases to reaction

selectivity.

Similar analysis of the effects of addition of NHy te

the reactant stream will be performed.

Transiéht analysis and isotope tracer studies of syn-
thesis reactions over prenitrided catalysts will deter-
mine surface nitride stability. The stoi:hiométru at
the surface and influence of nitriding on’CD dissocia-

tion will be sought.

Ultrahigh vacuum analysis will examine surface
stoichiometry and réaction intermediates. Interaction
between the nitrided phases and adsorption bond

strengths of CO and H. will be investigated.

2



v. The effects of NH3 addition to the reactant stream will
be similarly followed by UHV and transient tracer stu-
dies to determine possible alterations in reaction

pathways invoked by the presence of NHS'

Computer modeling will be undertaken to aid in quantitative

interpretation of transient data.

2. IECHNICAL PROGRESS
2.1 LITERATURE REVIEW

2.1.1 Iron Nitride Decomposition

Decomposition of iron nitrides subjected to variocus gas
atmospheres has Teceived some attention in the literature. The

interaction {adsorption and desorptiond of N, from single cry-

3
stalline iron surfaces provides an approximation of the behavior
of nitrogen with polycrystalline iron surfaces. Grunze gt al.
(3) studied the interaction of ammonia with Fe(111) and Fe(100)

surfaces with UPS, AES, LEED. TPD and work function measurements.

Their measurements of thermal desorption of ammonia from

2 and 33> at 160, 2190

and 330 K respectively. The two lower temperature sites

Fedl11l) showed three adsorption sites (8, B

<31 and 82> indicate coverage independent first order desorption
kinetics with activation enesrgies of about 10 and 12. 5 kcal/mol
respectively., The 33 slage is attributed to the recombination of

NH ad and ¢3-x> H_, The coverage dependency of the 8. state

3




tempecature indicates a second oraor rate process. The activa-

tion energy is estimated to be 20 kcal/mol, is agreement with the
29 kcal/mol estimate by Gay et al. (&) for this'most tightly held
site. The Fe(100) surface behaved simﬁlarlq but uncerteinties

during data acquisition precludéd definitive numerical assign-

ments.

Drechsler (?) studied adsorption and decomposition of NHS
from Fe(110) surfaces at temperatures from 130 K to BOO K with
SIME. Exposure of 2 clean Fe(110) surface to emmonia at tempera-
tures between 130 K aﬁd 279 K produced non—-dissociative NHS
adsorption. Ammonia desorption (or complete dissociation) was
essentially complete above 365 K. These SIMS etudies showed
adsorbed NH to be significantly hofc prevalent vpon the Fe(110)
surface than adsorbed NHQ. Grunze_gg al. (5> were Qnable to

separate NHad from NH2 ad with UPS “fingerprints’.

Ertl aﬁd co-workers ¢8> folliowed the dedomposition of & and
¥’ surface nitrides (chemisorbed nitride? and nitride légered
iron foils bq‘moans of AES, XPS and TPD measurements. The pro-
perties of V’—F04N and Q-Feg_SN surface nitrides should permit
correlation to the stability of bulk iron nitrides. The authors
state that thermodynamic cousiderations allow»?ormation of both s
and ¥’ surface ni#ride {chemisorbed? layers from NH3 provido@ the

H., partial pressure is sufficiently small. RES and XPS spectra

2
of iron surfaces, exposed to pressures of ammonis &t various tem-

peratures for different durations: show surface nitrogen &and ivon

concentration equivalent to steichiometric U’—Fe4N and s—FoaN.



AN c—FoaN ;ample was monitored by Auger spectroscopy. . The
surface layer nitrogen concentration exhibited plateavs; an ini-
tial c—FoaN layer giving way to & X’—Fe4N lagyer and finally an
a-Fe layer satufated with dissolved N atoms. Thermal desorption
spectra of N2 from a polycrystalline Fe4N samnle showed single
broad desorption peaks corresponding to 54+3 kcal/mol (for first
order desorption and a lciasec_1 pre-exponential). Annealing an
iron sample, before thermal desorptﬁon: added a second higher
temperature desorption peak to the spectra. a peak attributed to
N diffusing from the sarile bulk. Thermal desorption from (—FOQN

on the other hand produced a N, desorption peak at 700 K rather

2
than that at approximately 850 K for the ¥’ nitride. AN
Arrhenius plot for the first order decomposition of several
¢-nitrides yielded activation energies of 27+3 kcal/mel. Indica-

tions are, therefore, that Fe4N iz more stable than c-FezN.

.Qoodeve and Jack (9) and subsequently Jack (10) studied the
kinetics of nitrﬁgen evolution from iron-nitrogen interstitial
alloys, particularly e-iron nitrides. Each followed rates of
denitriding of high N contsining e-iron nitride.powders in vagyo,
in nitrogen, in carbon monoxide and in hydrogen. The inp vaguo
experiments denote pressures below 20 torr. In both works (%9, 10)
Jack concluded that the denitriding of e~iron nitride proceeded
at almost identical second order rates in vacuyp. or in one atmo-
sphere of oithor‘nitrogon or carbon monoxido. The rate control-
ling process would probably be the same in each experiment.

Preliminary rtsults also confirmed that the condition of the




alloy surface was an important rate determining feature.

Dnnitridiﬁg in a hgdrugen afmosphere proceeded at rates fos-
ter, by a factor of 103-104, than denitriding under inert condi?
tions. This increased reaction rate in H2 precludes nitrogen
diffusion from being tﬁe single slow step. Jack attributed the
slow rate of recombingtion of pairs of nitrogen atoms at the
solid surface to be the probable rate contrbllingvstep under

inert conditious. Engelhard and Wagner (11) similarly concluded

that the rate for the reaction
N{dissolved in o-Fe> + 3/2H2(g>->NH3(g>

was controlled by the reaction

Nidissolved in a-Fe) + H_(g2~> NH_<a>

2 2

rather than bulk N diffusion through the bulk.

Jack (10) calculated the activation energy for the hydrogen
assisled dénitriding of eQiron nitride to be approximately 12
kcal/m21 from initial rates in the temperature range 250-350°¢.
The second order rate of nitrogen evolution in a non—hqdrogen
atmosphere at 350-500°C was associated with an activation enerbg

of 42.1+1. 4 kal/mol.

2.1.2 Iron Nitride Kinetics

Highlights of iron nitride kinetic characteristics under
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various synthesizing and carburizing atmospheres has been
reported previously (12). This section will summarize those
results and inclﬁde recent work by Yeh gt 1. (13). The auvthors
reported on the promotion.eFFects of potassium and nitrogen on

the activity and selectivity of silica supported iron.

Reactions were investigated at 250°C and at pressures of

1.0, 7.8 and 14.0 atm. At 7.8 atm and 3H./CO both potassium pro-

2
moted and non-promoted iron catalysts (nitrided and non-nitrided)
showed good stability without carbon monoxide turnover frequency
deterioration between 3 and 12 hours. At approximate gas hourly

1 both the iron nitride and K

space velocities (GHSY) of 250 hr
promoted nitride showed decreasing ethylene and propylene selec—
tivities whereas the selectivities, for unpromoted Fe were roughly
constant. The nitride olefin to paraffin ratios did, however,
reamain higher than the corresponding ratic for iron. This ten~
dency in ethene/ethane ratio was maintaind at 14 atm between pro-
moted and unpromoted iron nitrides as against the corresponding
promoted and unpromoted iron. Thi; trend reversed with the pro-
moted catalysts at one atmosphere, indicating the pressure sensi-

tivity of the C ‘selectivities. Yeh and coworkers (i3> also stu-

a
died the pruduction of methanol and ethanol during synthesis
reactions over their silica supported catalysts. Although
alcohol productién from iron based synthesis catalysts is small
at one atmosphere: production becomes more prominent at higher

pressures. At 7.8 atm. with 1 H_ /CO, the unpromocted iron

2
catalyst produced almost twice the methanol as the iron nitride
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catalyst. At the same conditions, the promoted iron nitride pro-
duced more total alcohol (methanol and ethanol) than the prbméted
iron. Nevertheless:, the producéion of methanol by the unpromoted
iron catalyet was more than the combined methanol plus ethanol
produced by the K promoted iron-nitride. 8o, along with a lower
@lcohol yield, the nitride (promoted or not) was shouwn to produce

& larger molecular weight product than iron alone.

These last two observations are in conflict to work by
Anderson (1,2) with K promoted fused iron. Both Anderson ang
coworkers {(1,2:1i4) plus Barghard‘and Bennett (15) determined that
promoted ivon nitride produced lower molecular weight products
than an unpromoted iron catalyst.. Furthermore Anderson (1,2,148)
obsarved & significant tendency of the nitride to produce |

alcohols and other oxygenated pfoductsf Dbviously: such

discrepencies are of importanco'and warrant further study.

2.2 SUMMARY OF RESULTS

Unsupported e~iron nitride was synthesized and the behavidr
of the bulk s;mple followed during synthesis reaction in SHQ/CO
at 523 K. Mossbauer param=-lers of this approximate Foa.7N compo-
sition wofu estimated as: (IFS (Hyperfine Splitting) about 23% kOe
and IS about 0.3. mm/s. Appearence of an additional phase: simi-
lar to that encountered in ¥ /-nitride SHQ/CO carburization, uwas

igolated as evidence of bulk modification. Carburization of a

¥’-Fe N seaple with 3CO/H. at 523 K procesded at a slower rate

4 2
than carburization of 3 ¥ —-nitride in GHQICD. The reaction in
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SCO/H2 exhibited notable stability with high alkene preoduction

during four hours of reaction.

Mass Spcétrometric studies révealed unique denitriding
behavior of bbth the ¥/ and the c}bulk nitrides in HQ' Evidence
of two distinct nitrogen containiﬁg species appears; one a fast
reacting surface species, and the other a slowly activating
nitride Spocies? Denitriding in helium of e—Fez.?N is consider~
ably less a:tiv;. and an overall activation energy of 41. 9
kcal/mol was dofermined. These results have significant implica-
tions to nitride stability during the Fischer-Tropsch rsaction.
At the onzet of synthesis gas, only a small amount of NH3 is
observed, indic&ting the stability of the nitrided catalyst in
CO/H,,

<
then exposed to HQ‘ the denitriding activity is surprisinblu

atmospheres. RAdditionally, if the carburized nitride is
inhibited.

g.2.1 e—FexN Carburization

& bulk e-iron nitride was prepared both in the Mossbaver
cell and in the transient kinetics! reactor. Conditions have been
established For3e—FexN production from reduced oc-Fe as 673 K in
BS.S%NHS. We have already determined that at 673 K, 85% ammonia
will produce U'-Fe4N and about 8%9% ammonia will produce e-FozN in
the Mossbauer Eoll (12). The present difference in sqnthosis‘
conditions is attributed to slightly different precursor prepara-

tion procedures (12). Figure 1A presents the Mossbaver spectrum

for the jn gity e-iron nitride. Slight outer shoulders at
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approximately +8. 6 and ~5. 3 mm/sec indicate the presence of very
small quantities of zero nearest nitrogen neighbor interstices
(!'—F04N). cbmparison of this spectrum with one presented by
Firraro gt gl (16) indicates a nitrogen to iron concentration

yielding approximately a-Fo2 ?N

Our e=iron nitride samnle was carburized in flowing 3Hazco
synthesis gas &t 523 K for C. 3 and 2. 3 hours. The room tempers-
ture spactra are shown in Figures 1B and 1C respectively. Liguid
nitrogen spectra are also availsble but will not be presented
here. The original (Fig. 1A) six line pattern is characterized
by the outer pe2ks having an isomor shift (IS) of about C.3 mam/s
and & hﬁpcrf%no field splitting (H%S) of about 23% kOe. The
spectrum after 0.3 hr of reaction changes very little from that
of the fresh nitride. Rather the morphological changes occur to
a greater extent during the following two hours of reactien.
Figure iC shous noticable decrease in outer peak relative inten-
sity. This decrease is accompanied by a2 slight decrease in HFS
and an apparent increase in the line width of these ocuter peaks.
Hyperfine field distributions do occur with variations in the
number of iron nearest neighbors (17). Prelimary spectrum
analysis ot Figure'lc shows the emergence of & new six line
transmission pattern (HFS * 170 kOe,IS » ©.25 mam/s>. This struc~
ture has already been tentatively isoloted during the carburiza-
tion of U’-F04N {13>. A longer reaction time would permit cesier
identification of this iron site. Thig planned work and subse-

quent computer #ifting of the spectra should allow phase identif~

i .
{
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ication either as epsilon’ carbide, as proposed earlier (13), or

as & nitrogen containing phase.

2.2.2 Lower Hy/CO Ratios

Prolimin‘ru experiments of nitride stability and selectivity
&t loyer Halco ratios were conducted for ¥/ -iron nitride, ‘Figuro
2A presents the Mossbaver spectrum of a reduced iron wafer
nitrided in 50X NH3 (?0 ml total flowrate> for two hours at 673
K. The sample gtill contains slight quantities of o-Fe as is
soen by the assymetry of the four outer most lines and inner
shoulder on the right most (+ velocity) peak. Otherwise, the
majority of iron is in ¥’-nitride fcc coordination. Figures 2B
and 2C show the room temperature Hassbauer»spectra of this
¥’=iron nitvride carburived for 17 min and for 2.5 hours respec—

¢ively. &6 ml/min of 3CO/H, sunthesis gas mixture flowed at %23

2
K; The spectrum of a3 similar ¥ -iren nitride reacted for 2.5
hours with aHa/CO 66 mis/min? at 333 K is presented in Figure 2D
for comparison. The nolicable difference in the ¥/ spectrum

atter 2.3 hours of reaction at higher CD concentration over the

3H.7CO mixture (Figure 2C againzt 2D is thé maintainance of the

&
zero nearest nitrogen neighbor sites. The intensities of the twe

outermost peaks (zero neighbor) and the next innermost pair are
greater after the reaction iﬁ lower hydrogen partial pressure.
Greater extents of carburizetion in 3H2!00 (4-16 hours) indicate
that the loss of the more noticable ocuter lines in the 220 kGe

gix line pattern sccompanies the incorporation of carbon inte the
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nitride matrix.

On thise basis, as the higher CO partial pressure is not pro-—
ducing an increased carbdrization rate, some factor must be inhi-~-
biting C incorporation. Tbo explainations could describe this
condition.. A higher overall conversion of synthesis gas to
hudracarbons»(hen:e greater activity in‘aqual flow compariscons)

in the 3H./CO experiment may produce greater active surface car-

=2
bon deposition. Also:, an increased partial pressure of hydrogen
will provide a leaching atmosphere for substantial N removal (as

NH.>, thereby providing carbon with more access to the nitride

3 .
iattice. The faster rate of denitriding in H2 than other under

‘inert’ conditions has been reported by Jack (10).

Kinetic analysis of the 3C0/H2 feaction products showed &
hydrocarbeon distribution high in alkenes. No noticablie quenti-
ties of propane, butane nor pentane were produced during the four
hour ?oacﬁiun. Allargef‘eth@ne concentration wes produced imn the
7%%4 .CO ?igw then in the 29% CD reaction. Furthermers, the reac—
tion was mnoticably more stabhle in 3!:0!Ha than it had been for
¥/=iron nitride exposed to 25% CO. Differences between carburi-
zation and kinetic behavier of the nitride and unpromoted iren
may becoms more noticable at higher CO concéntrationa. We plan
to include this avenue in our approach to elucidate the promo~

tional affect of interstitial nitrogen upon iron in the Fiacher

Trépich pathway. R
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2.2.3 Transient Kinetics by Mass Spectrometry

Transient denitriding behavior of both U’-F04N and e-FoxN

has bsen further investigated by mass spectrometry. Figure 3

shous two separate denitriding oxberimonts in H2 at 250°C, one of

Q-F.xN and the other of ¥’ -Fe N. The catalysts were both

4
prepared from 0.1 g of Fe precursor, which was reduced and then

nitrided for 2 1/2 hours in 1) 835% NHa.r'H2

2> ?S5% NHsfH2 at 325°C of K’—F94N. Both preparstive methods were

confirmed by Mossbauer spectrometry. After being nitrided, the

at 390°C for c-FoxN or

catalyrt wax puiged for several minuvtes with helium at 250°¢C to
desorb ammonia from the system. Hydrogen: with 20% argon serving
as a time mark, was then introduced over the catalyst at o flow
rate of S0 ml/min, thereby hydrogenating the nitride as shown in
Figure 3. Both catalysts had similar overall denitriding

behavior.

From the hydrogenation of Fe4N, it is apparent that there
are two distinct nitrogen species; a first, active surface
species reacts to form the first small maximum: and then a second
slow activating species builds to ; méximum after »bout 100
seconds. The initial small maximum represents 407 of a mono-
layer, assuming & surface area of 4.3 mzfg reduced Fe, determined
by CO chemisorption praviously (12). The large maximum is at 347
of the total N in the catalyst. The total moles of N in the ori-

ginal catalyst is obtained by integrating the NH, out to ten

3

minutez. ARccordingly, a stoichiometric formula of Fe N is

3.85
found, which is in good agreement with a U'-FQ4N catalyst.
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The hydiogenstion of e-FexN is also shoun in Figure 3. As
can be seen, the activity is significantly higher for this
catalyst. The initial maximum corresponds to 1.3 monolayers of
material, and the large maximum is at 394 of the total N in this
catalyst. In this case thc stoichiometric formula is Fe, N,

and is therefore in the c-FexN Tange as expected.

I# hydrogenation is diffusion limited, the evolution of

anmonia ix at a maximum at the onset of H thereafter decreasing

2)
due to longer diffusion paths and%decreasing area of the nitride
core. Likewise. if one simple surface reaction limits the
hydrogenation: then ammonia evolves at a constant rate. Figure 3

shows that neither of these models is the case. Obviously a more

complex model must be proposed.

The first model considered for this process consisted of a

series of irreversible surface reactions:

k
1
Ninitride)+8->N(surface)

k
2
N(sure}+H(surf)-ONH(surf)+§

fast
NH(suUrf )+2H(sUTF)> > NH3<gas)
|
The NH species is the precursor of the first maximum; after it is
quickly hydrogenated the sui-face will be largely empty. A slow

rise in N(surface’ could presumably explain the observed




21

phenomenon. A first approximation for computer simulations of

this model assumed that H(surface) was constant at 0.1 of a mono~-

layer, or

<dt =0

Results of this simulation show that this model cannot explein
the extremely slow rise to a maximum. and therefore either
H{surt#) is not constant or.the model is too simplistic. These

studies are continuing.

The total duration of the denitriding processes in these
experiments agrees well with similar Mossbauer experiments con-
cerning e—FoaN denitriding, prosonted in our last report C(12>.
While following denitriding in H2 of e-FQQN'with constant velo-
city Mossbaver experiments, we found that the nitride was esser~
tially reduced after 300 seconds at 998 K, which is on & similar
time scale as the denitriding of the other two nitrides shouwun in
Figure 3. Future Mossbauver expcriments will examine the struc-

ture of these nitrides during the "trangition" region of the den-

itriding process.

When 3H_./CO is added to the gas stream over wvirgin c-FoxN at

@
250°C ¢12>, ammonia is cbserved as a spike as in Figure 4a. 1If
the base line NH3 iz subtracted, the total N cobserved corresponds
to 1.7 monolayers, which is slightly more than that observed in
pure H2<1.3 monolayers). The active surface N species selec-

tively produces NHS, and further hydrogenation of the bulk
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nitride is inhibited by a surface carbon species. After five
minutes of F1 synthesis, the catalyst was exposed to pure Haa and
the production of NH3 was at a constant, slow rate, as in Figure
4b.- This is in contfast with tho'hgdrog.nation of virgin
j-F02'§N (Figure 37, in which NH3 vas proﬁucod at a much higher

. vate. Processes uwhich have occured during the five minutes of

synthesis cloarlgleefect the deni@ridiﬁg activity.

Figure S shouws the rerult of denitriding an c-F02.7N
_catalyst in helium while ramping the temperature. The plot
befors 30 seconds shows the steady stqto nitriding conditions at
390°c (the Nily and H, concentrations are not shown) and the cata—
lytic production of N2 from N”3 is apparent. The N2 production.
corresponded to a turnover number of 5.3»:10"2 sec’l. Helium was
then introduced over the catalyst and the temperature was ramped
as sthn,in Figure 5. 1In the first portion of the griph'(to thql
first maximum at 190 soconds),vﬂa evolves according to a first
order relationship and therefore an activation energy of 41.5
kcal/mol is found. This compares to Ertl g%t al. ‘s value of 26
kcal/mal for an e—FeQN catalyst (8. The difference in
stﬁichiomotru couvld account for the discropéncu.' It is tempting
to assign the second maximum to the evolution of N2 ?rom-v'-Fo4N
nitride formed deing the denitriding process, but-this needs to
be studied further. Similar experiments with U'-F04N are in pro-

gress. Nevertheless, it is clear that the epsilon phase is rels-

tively stable at temperstures below 400°¢C.,
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3. FUTURE RESEARCH

Research in the next 3 month period will emphasize higher co’
(79% CO and/or S0% CO) concentrations during synthesis reactions.
Stability of the nitride phases will be compared to iron reac-
tivity under these conditions. Constant velocity Mussbaver ana-
lyses will characteriie the bulk reactivity of nitride phases in
less hydrogen rich atmospheres.” Steady state kinetic behavior
analysis coupled with computer fitting of Mossbauver spectra will

aid in the identification of nitrogen movement in the catalyst.

In the transient apparatus, the kinetic denitriding behavior
of ¢-Fe_ N will be established. The initial and steady state
“behavior of all the phases during Fischer— Tropsch will be
further established and efforts will be made to alter this

behavior by pretreatments of the nitrided catalyst.
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