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The steady =*ate Fischer-Tropsch hehavior over %hé irbﬁ
nitrides at 523 and 358 K was compered to the kinetics over iren
at zimilzr conditions=. & S23 K, 241 Hgftﬂ at =ztmospheric presz—-
?uréé the ¢ and & nitrides giwe highsr olefin io paraffin ra#ics
and L0, actiwvikies than iron snd the ¥ O mitride. At 458 K fhe
high eclefin to paraifin uyield of the higher nitrides is ﬁresefveé
after an inductron period. Deteiled Mossbauver snalusis of tﬁe
catealysts veed st 45338 K showed < 2074 incorperation of carben and
allow structural interpretavien of carbon movement into, and
nitrogen Temoval from. the nitride lattice. Quantitetive

analysis of the MR D, spscies leswin fresh nitride surface

I
1]

after & switch %o D, gields HH as the average romposition of the

surfare nitrogen-containing species.



1.1 BACKGROUNG

The fessibility of obilizing syntbesis gas (OO 4+ Hgb via the
Fischer~Tropsch Teaction pathway for the production of fuels and
themicales 1s well ectabliched. The SAS0L ventures, for example,
take advantage of abundant coal resopurces to produce both desir-
akle synthetic avtometive #vels and basic chemical feedstocks.
The aspplitability of these chemical transformations is nonethe~
less limited. The present procedure requirves extensive process-
ing if the producticn of non-essential bupreducts is to be
avoided. The discovery snd subsequent ussge of improved

catalysts wouid therefpre be advantageous.

Experimental results published in the current literature
show that nitrogen affects the performance of iron catalysts-
catalysts which find widespresd use in the Fischer-Tropsch syn-—
thesis route. Prenitriding of the ivon catalyst has been
reported to shift the product distribution te ane exhibiting
ipwer molecular weight frasctions and enhanced slcochol yields
{1,2). ©On the other band, simultaneous intfoduction of ammonia
CNHS} with sunthesiz gas produces nitrogeneous compounds. Furth-
ermore, and probably of greater importance, this addition of
ammonia effects a reduvction in the overall chain length of com-
pounds in the product spectrum 433, It is of considerable
interest, therefore. to study these and other characteristics of

nitrided ivon cataluets in order to gain s basic understanding of



thear behavior. Discovery né the new pathways in Fischer-Trepsch
sunthesiec afforded by nitragen will add to the Fundamental

snwliedge From which Puture synthesis-catalysis can be detived.

1.2 OBJECTIVES

The scope ©of the program may be broken down intc Pwo main
sreas of cencern. Firstly. consideration must be given to the

role of the surfece nitrogen in
i. a!teriné the preduct distribution and

ii. siebilizing catalyst activity

in~gity Piosshauver studies identify

————

uf the synthecis reactions.

the wvarious iTon nitride pheses and =llow for examination of
their stability during reaction. The Mossbauer results fForm the
besilecr deteiled kinetic trécer ézperiments invaiving transient
and isotope lebeling enalyses, U}tréhigh waTBLm w§?k>using BiME
and AES will cupplement the Mossbauver ané kinedic characderiza-

tions.

The second avea of consideration will invelve the kinetiﬁ
ang cataluytic effects observed dﬁring the =ddition of ammonia %o
the sunthesic gas streanm. Trensient work will be ideal fer
Qbseréﬁng initial sctiwity changes coourring 85 & result of NH3
pulses. Along with vidrahigh vacuvum studies, the transient
inetics of HHS addition will help clarify which steady state
gyperiments would be most pradué%ive. The various analgtiéal

methods will defipe interecitions beiween suvrface and bulk



nitrogen,

and hrir role in effecting new reacticon pathuways.

The primary e:periments which define our reute to under—

ctanding which parameters influence the selectivity and alter the

activity of synthesic reactions may, therefore. be sutlined as

follows:

ii.

iiid.

iv.

Mosstauer and simuiltanecus kinetics of prenitrided iron
ratalyste will he used to determine nitride phase sta~

h2lity snd te correlate these phases ta resction selec—
tivity. The initial pressure of one atmosphere may

later by increassed.

Similar anzlysiz of the effects of addition of NH3 to

the teactant stresm will be performed.

Tranzient analysis and isotepe tracer studies of syn—
thesis reactione over prenitrided catalysts will deter-
mine surface nitride stability. The stoichiometiry at
the surface and influence of nitridﬁng on CO dissocia-

tiorn will be sought.

Ultrahigh vatuwum anaiysis will examine surface
stoichiometry and reaction intermediates. Interaction
between the nitrided phases and adsorption bond

et rety

T}
o

he of 00 snd Ho will be invesiigated.

The effectz of NH, additiom to the reasctant stream will
ke zimilariy Followed by UHY and trawncient tracer stu-

dies tu determine poseible alterations in reaction




pattazays ireeoked by the presence of HH.

Computer. modeling will be undertaken teo aid in quantitative
interpretation of transient detas.

JECHMILAL PREGRESS

ipa

2.1 Gummery of Hezulte

ﬁesearch during thés pericd of study has_cnncentréted on
steady stste kinetics over the nitrides ét 523 and 858 K and the
phase %hanges at“458 A Bs manitareé by Mosshauer Spectrcsce@g. '
In-additien, the defomposition of o f-Fe N nitvide in I, was-
anzlyzed in an effert to identifg a partisliy hudrogenated sur—

face speciesz that mighd exist during nitrviding in WH,.
. e

- -

Tﬁa g;FeQN decompozition in deukerium experiment indeed:
revealed the existence of partialBg‘hgdragenated surface H
specieé. Integration of the partizlly hudrogensted Nﬂxbééx
mole:ules'accaunteé for one monolauer’s worth of huydrogen 5u§—
gesting NH =28 the average cumpnsitﬁcn pf the surface species.
Additionaily. it was demonstrated in this experimeét that centri-

butions of Fragmeﬁtatiens to the mess sbundence dats can be sub—

tractéd out with computationzl metheds and fragmentation tables.

éteédg»stat; kinetic behsvior over the separate nitrides at
523 K ﬁn 251 HEHED at afmazwheric pressure did not reveal skar—
tlinpg differences between the nitrides and iron. In the case of
#r-Fe N, activity and selectivity was not measurably different

tinan that cosr iton after eight howurs of syunthesis.  The e-Fex’

03



and g-Fe M catalysts, hopswer, produs ed more clefins, methane and
at @ measurably higher activity than a-Fe. The data from the
first few houre of synthecis showed significant differences

between all catalysts,

The FT kinetic behavior ¥#or the mitrides &t 458 K also
showed higher clefin to paraf#fin ratios for the nitrides versus
irpn after an initial induction period. This induction period
over the nitrides was characterized by extremely low acbtivity

KCO. iz the only significant productl snd the production of a

(M

nitrogen—containing organic species not yet identified.

The fitted Mossbaver spectra at this temperature reflect
substantislly less nitregen loss thsn in previcus experiments at
higher temperature. Carbon in neighbors to ivon contribute less
than 20% of the spectral area after an hour of eynthesis, and
progressively less cerbon is incorporated inte the higher N ton-
taining nitrides. The identification of e-11 znd e-111 carboni~

tride sites was part of the development of thic analysis.

2.2 Q—FEEH Dacomposition

In our last report {4), we presented the results of & tran—
gient experiment on £-Fe N denitriding in deuterium at 250° C.
The resulting transient preduction of partially deuterated
anmonhisy species during the Dg pulse gave indication of a surface

MH

o

n

peciss that formed from the decomposzition of ammonia during
nitriding. Further analysis of this experiment is depicted in

figure 1, in which the signal/mass overlap of different species



has been subtracied cut to gie}d the tTrue species 5homnj "Exami-
netion of thies figure indeed discloses the existence of partisily
deu%érated amnomisa species it the DE pulse. |

in order to orrive at the Tesulis iﬁ figure 1. Fragmentaiien
table waz developsd Ffam-HHS calibration dats. Thé :;Iibraticﬁ_
was made immediately aFtér the IJ2 experiment. For @ mésses and-n
species, the sxpevimental dats (DATA, Messes vs. time) and the
Fragm?ntétién data iFR&T, Mass vus. species) can be cqmbinéd id
yield the deconvoluted species Tesults (DECORY, spe;igs-é%.massx

In matrix slgebra terme,s

FRAS DECONY = DATA

men nxt mrt

sT |
DECONY = cFRac FRecs T FRac DaTe
nit TR MmETN n3m meT

where the superscvipt "7" refers to tranepose.  and the super—
script "-1” refers to the inverse. The extemnsive matrix algebra

-

was veadily done by computer.

Interestingly, the first production of smmonia is injthé--
fora ﬁF HHg, whickh is surpriszing consideving that ne oas phaée
hudregen is present. Thic phenomenon is undoubtediy duét¥d
extremely rapid H/D exchenge in the smmonis molecule as it
prooresses down the catalyst bed. Specifically, the Dg wave?fcnt
arTives st the front of the bed, and & deuvterated aﬁmania
mplecele is pruduced hy reaciion at the cetalyst surFace.i A§ the

wavefront, the gas phaze 0. concentration is low and is therefors



STEP FROM Ar TO D, THEN H, OVER FeZN 523K
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Figure 1 Denitriding of a ¢-Fe,N catalyst in D, at 523 K, The
catalyst was prepared”in pure NH3 at "623 K, followed
by the argon purge at 523 K.



anple+elu consaomed by reaction An ammonia molecule, therefore.

travels in & pure argon gas phase with many cppﬁrtunataes te
return ta the oa f%l; =¥ aurface and HSD exchange w;th NHxvspeciesb
ths prodocing NHQ at bthe efflusnt of the reaclor. Az dtime mowes
aTi, tﬁe Dg front mowses down the bed and correspondingly a3 pro-
éressivelg higher D/H vatio evists at the sunrface thus-prééucing
Foms HHg I aoleculss that can swurwive Lo e etdl of the bed.

This series of incressingly devterated stoichiometries is seen in

Figure 1, whete the NHS spike iz Followmed bay & HHED spike, then
NHT, snd Fimally NI, cérr@spmnding to thé cheanging I/H ratio
sleng the catsliust bed. Another example of this Yplug Piow Teasc—
tnr“'pgennmenon; where the length of the bed plsaus & role in the
binetics and effluent composition:. is the trapsient step ?hangeA
-

T8 is adsorbed alsng the wave?raht.and'the ieading edge 'is Pich

of & II:D.r‘H;J mixture into pure H. owver a veducsd iven catalyst (55,

of CH# sesn i the effluent. The

same experiment performed pver an 3ran nztrade (5):; howevers pro—

in HE’ thus producing 3 spik

bl

duces ne spike of CH, undoubtedly dus ¥0o blackage of sur?ace

zites by the sane MH A species seen in the Dg pulze experzment.

integration of the partizlly deutersted species up to the
switch to H2 in Figure 1 will gield the stoichometry (value of =0
in NH . In this calculstion NHIL, was extrTapolated begoﬁd the

stap to H, and corrections were wmade for the HI depurity in the

2
D,.‘ {0, ea-.:' a1d

=

lzx the H background in the maszs spectromster.

iy

& value of 1405 monclagers marth of huydrogen was-evelved'in the

form of the ammonia species during the Dg pulze, tThus tentatiwvely
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designating the surfsce species as NH.

There is considerable uncertainty in the integration, houw-
ever, ant the surface need not contein a single species but could
have more than one with an average concentration of NH.  This
result agrees well with detection of NH speciec in ammonia decom—
position by Drechsler {6) and Grunze {7), and kinetic isotope

measurements by Ozaki (8).

.2 Steady Sitate Fischer-Tropesch Reaction

2xEE0H 29k L kel Wi 2yel kRE
)

It iz cleasr that the available deta on the kinetics of the
Fischer- Tropsch reaction over the iron nitrides is scant (1.9).
In sddition the svasilable date is not consictent. Anderson
reports a shift to lower molecular weight producte and higher
activity over pronched E"FE%N nitride at 7.8 alm in synthesis
gas. whereas Tecent studies at MNorthwestern (9) show a shift to
higher molecular weight products and qomparable activity at 7.8
atm and lower ackivity a2t 1 atm over an eergN catalyst. In an
effort to clasrify some of these issuves, steady state data was
taken for 18 hrs over sach of the nitride phases separately. The
conditions were held at 1 atm prezsure, 371 HQICU at 250°C with a
flow vate of 50 ml/min over approximately 200 mg of catalyst pre—

cursor, thus yielding o L0 conversion of 1 ~ 104 to products.

Figure 2 diesplauye the activity results referenced to the

11]

surface area of T

rdusces] Fe {4.3mafg} as found hg‘BET. Interest-

ingly, the initial activity iz high For all three nitrides,




FT ACTIVITY TO HYDROCARBONS

g. 83
8.69 .
4,88 |

2.68 1

MOLEC. /SITE/SEC #10%x2

g | 183 P 549
TIME (MINUTES)

Figure 2 Fischer-Tropsch activity to C, - C. hydrocarbons over
iron and the nitrides. React%en wgs at atmospheric
pressure in 3/1 H,/C0 at 523 K. :

728
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indicating that the inmitial state of the mitride is more active
%han Fe metal. {n kinetic data listed in & previous report (10),
the first point was low, in contrast to the Tesulis here. This
seemingly conmtradicteory recult can be clarified by examining mass
spectrometric data for the First few minutes of synthesis. These
results zhow that the hydrocarbon production builds to a maximum
only sfter the rtemoval of surface nitrogen species. 1§ the first
cample was taken during this short periocd of nitrogen removal,
the resulting FT activity would indeed be low. The length of
this period is probably affected by conversion level and reactor

design {CSTH or FFR)., hut in any case many changes occur during

the Firet minutes of synthesis

In additaon, hudrocarbon selectivity over the nitrides indi-
cates that the surface is somewhat hydrogen deficient during the
first minutes of synthesis. The clefin/paraffin ratio at 4
minutes is higher than at 40 minutes, in spite of the fact that
the conversion has decreased. The products are substantially
methare poor, ezspecially fFor K“-F@4H. Thiz behavior is perhaps
indicative of a competition between carbon and nitrogen hydroge-
nation. It must be noted, however:. thet the activity for these

nitrides is high, even thouph the data indicate that surface

hudrogen concentration is 1low.

As Figure 2 shows, after eight hours of synthesis at these
conditions, activity for all the catalysts reaches an essentially
steady state. The position of & secondary maximum in activity

increasss in time for Fe, ¥'~Fe,M, and e-Fe, M Tespectively,
= .7

4



corresponding to an incresse in nitrogen contend. A maximum for

e=Fe M may exisht, bt data in the 260540 minwte range is not ged

2

available for this castaiyst.

Teble 1 licts the sctivity and selectivity results for all
catﬁlggts after approximately 12 hours.  The TOM (CGE freel
values reflect the activity Tesulte at the 12 kT point in:Figure
2. Dipfin/peraffin compsrisons must be tempered by the total
conversion level;s high conversion lowers the oie?ia?para??in.
ratic. Alse. the selectivity resulis reflect total CO conversion
with EDE included, therefore the relshbive selectivi#g bstwesen
hydrocarbons will zeemingly be lzss pronounced For'high CQQ

comwersion (noke the e-Fe, M resulisl,

!

i

The major overall conclusion from Table 1 is that the

13

behavior of the steady state catelysts are lergelg'the same. The.

activity of the e-Feg ?H ared P-Fe N catalgstsaarﬁ respectively 2
and 1.6 times as much a= that of Fe and ﬁ’—Fe4H, which suggests a

cignificent advantage for the high nitreogen—containing cstsiysts.

Dther obeervations that ctan ke made from Teble i

Cl2 Fe and ﬁ’mFegH o not have significant differences

in activity or selectivity after twelve hours of sun-—

thesis,

{2 The e-Fe_, M and —Fe_N cataluysts produce more

. methane and correspondingly less C_ hudrocarbons than Fe

IR

o7 ﬁ’—Fe4H; relative s=lectivity to the CE and higher

hudrocarbons. does net asppear to be sighificantly



TABLE 1
Activity and selectivity results after 12 hours of synthesis at 523 K

Fe y’-Fe4N e-Fe2.7N c-FezN
Total Conversion % 1.2 1.2 3.2 2.0
TON* 10.2 9.6 22.6 16.4
TON (CO2 free) 8.4 7.7 16.6 14.0

% CO Conversion to products

CO2 ‘17.6 20.0 26.7 14.8
CH, 33.2 32.3 35.1 39.1
C2 22.0 20.1 15.3 18.0
C3 17.7 14.6 14.1 16.5
C4 8.8 7.4 6.4 8.8
Qelfin/paraffin ratio
C2 1.03 1.01 0.49 0.99
03 5.19 4.92 3.66 7.21
C4 3.22 2.22 1.75 2.93

* TON = turnover number = CO molecules converted/site sec includes
all hydrocarbons to C5
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a??ectqd,

(3> The turn over number to Eﬂz'is increased over the e

'énd.g catalysts compared to Fe an#'?’. 

e ‘The dle?iﬁﬁp&raFFin';atio is enhanﬁ@d.?er'gf%eéﬂ-Fcr
glilcarbon chain lengths, as campared,to Félépd"H}—Feéﬂ,
even considering the high,cénversien Zevel_iﬁ-theiu
F-nitride. The ratiq for E”FEE.?H i= ﬁoﬁ s?fcnglé‘
~\a£Fect$d‘hg the high conversion level avef-thiS'ééééigst

te ke comparsble.

These cenclﬁsiuns_are in é§réeméy§ with séme é§ those 3##?@8
by the Nsrthwéétérn group {95;'namelg kFigher aieFin(pa?éff&n
ra#ia aﬁd highﬁ% Eﬂg_praduttion 6wer-an ey §~F92H:cétalgs?. He
héve’Péund: however: that the sctivity is somewhat-highe?'Fc? the
highﬁﬁitrogen containing cataluysts: although the diFﬁere;;e ig

noet snbstantia&

2.4 HRAinetic Behavier st QSSVE

tr 3

Einetiés representative of the single phasé nﬁtriées‘aré
cbtainsd by following CO hudrogenation in SHEfGG; 458 K, and 2
éptsi gas flpw 7ate of 50 ml/min;.measured 2t ambient cnpéi%ians.
The chromatographic enalusis compares catalgst'per$ormanté én the
basiz of ] conversion to CDQ and Ci

Moler selectivities are normalized ¥to the total mclar-prcductibn.

through Cg hdrocarbens.

Due to z=mall concenktrations of E4 hudrocarbons, the C:4 elefin to

paTaffin ratio_vs'nnt inciuded. Mo slcphel proeduction was
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dotected znedl fhe Iower aethanol concenkralion limit in 3H°/CU is
(=4

- W - . - . ; . . .
Sl Cw Table 2 giwes the kinetic resultz for the Fischer-

-

Tropsch reaction aver iveon znd ower -, e-, auwl S-iron nitrides.

The first G0 campie at 10 minutes (.17 hr) after the switch
to synthesies gas indicates a difference in kinetic behavior
between the nitrides and iron.  DOver the iron catalyst, more than
83% of the products are hudrocarbons. No hydrocarbon production
1s detected owver any of the nitrided catelysts, and the carbon

monoeicle covweTSion, iz deriwved From the Boudovard and water

o’

gas shift Teactrans. A significant, unidentified broad peak with
an approximate retention time of 11, % minutes is, however,
present in the nitride chrumatwyrems., This peak is absent from
analyses after the O.17 hr ingection. It is unlikely that
ammonis, which has & 10 minute retention time in the series Pora-
pak 4 and Porapak R celumn: is solely responsible for this peak.

The presence of other nitrogen containing gasses is suspected.

The percentage CO tonversien exhibits a trend; lower conver—
signs eccur with incressing nitregen contents from ©. 110% over
iron to O, DEEN oneer g-Fegﬂ. Tuwe explanations could account for
this. The diccociation of carbon monoxide could evoke a dual
reaction: {1} carbon incorporation into the bulk and (2) sur-—
face :arb&n deprsition. An hydrogenation pathway is minimal at
1O CUE zelectivity. As carbon diffusion iz zlower in denser
nitride phases. a decresse in the first reaction could lower the
vverall rate of OO dissociation. Howsver, if the formation of

surface carboen is not rate limiteds 1. 6. a true competition

16
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existe between the two pathways, this explanation is inadequate.
The €O would discotiate at the =zame rate, and more surface carbon
would accumulate. A surface nitrogen competition effect is more
likely to occur if nitrogen and carbon diescciation {(recombina-
tion) sites are equiwvalent., As higher bulk nitrogen compositions
shouvld correspond to larger surface W concentrations under
equilibrium conditionz, the catalytic zites on g»FegN should
experience 5 gréatef proxXimity of H than would those of H’~Fe4N.
In a competition between OO dissecistion and N removal, an
increased nitrogen content should retard%the reaction of CO and
reduce the H availability. At sufficiently low nitrogen removal
rates, M diffusion Ffrom the bulk to the surface would be suffi-

ciently rapid t¢ prevent immediate depletion of surface N

The second and third reaction measurement peints, are
characterized by increasing hydrocarbon production over the
nitrides. The lack of an unidentified nitfogen campound peak
implies that CO hydrogenation hac slowed the N removal rate.
ﬁlthnugh reaction over the e-nitride was temporarily interrupted
by a stability problem with the ©C, and the break in reaction
coentinueity probasbly affected the cataluyst. the level of CO
conversinn is comparable between all four phases at the second
injection and hetween the nitrides at the third. The selectivi-
ties of the nitrides, barring ethylene and propuylene, after 1.3
hours are quite similar to the ivon selectivity after 0.75 hours.
An induction ﬁerind over the nitrides may exist; one in which

hudrocarboen production starts after a decrease in the rate of N
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Tempval.

‘“The rema:ning difference bebween the irom and nitrides is im

=3C ratios

the wlefin to parsffin ratios.  The mean Cgmfﬂp and C

3 3
ot

and 5.0, respechively. Table shqws‘ﬁg'and 63

2y

ower irTon are 2.
seleétivities to piefine are higher for the nitrides{_eé§eéiallg
Y- and - nitride. The incresse iz nob as_signi?i:aﬂt'ﬁuér the
 é~nitride and may be due ko the interruplion in kin&tic:aﬁalgsis.
The ethylene t; ethane retio, particulaerly. is a% 1&35% %mice as
‘£1gh over the nitrides when compaved to the ivon.. If olefin
seiectivity is andicetive of large surfsce carUan~paeis;'c?Va ipw
hydruegen o catbon ratin on the sur Faces tb;s trend is explained
85 the effect of Initial :ompytit;eﬁ between surfece N-H and $-H
resctione on the subsequent surFace'CfH ratin. Lower hgdrnéen

svailability would increass hydrocarbon unsaturation.

Barring the initial behavior when t%e nitride cétalgsts are
First ewpozed to synthesiz gas,. and the higher E2=f02 ré#io; the-
nitride surfaces behave similarly to the iren sufFacel élthaugh
4% 18 incorrect To evirapolate kinetic selectivities ta.ﬂigher
temperatures, it is nonetheless interesting to nate'thai;énderscn
angd cowerkers repo;ted enhenced clefin preoduction Eg pfcma?ed;

fysed iron mitrides {5).

2. % PEhsse Hehavior st 453 K

The bulk catzlyst phases are characterized by Mossbauer
spectroscopy both before and after synthesis reaction. The Toom
temperature spectra indicate the stahility of the tataiuyst. This
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snaiysis tests the claim that the preceding kinetic results are

indicative of the individual starting bulk phases.

{3
]
Py

w~-Fe

The Toom temperature Moscbhaver spectra of the Ffresh and
cpent iren catalyst are presented in Figure 3. The Mossbauver
parameters of the computer #its arTe given in Table 3. The start-

img czbalyst iz eszenti=zlly Tedured w~Fe whose six peaks can be

Fitted to 201 1.5 anteneity and equal width constraints.

Unconstrained Fitting, however, shows greater than expected
srectral area in the Ywe innermest peaks, Thic asummetry is
sttributed to en veide — one which persists after four hours of
reduction ot &F3 K. Thie is mere likeig‘tn ke sn unreduced

speries, rather thaw a vestidized surfsce species because

Mossbauver spectra of a1l redured wafers were taken in positive

The spectrs of this iron catalyst, sfter forty-five minutes
of synthesic {Figure 3k), can be fitted with twe different struc-—
tural approasches. Both methods predict an 80% spectral area for
a~Fe with the reduced 20% distributed as carbide phases. This
rezidual iz analyred az either 3 combination of e7- and »x (I, 11,

amd 1112 carbidaez

i

r m% @ combination of €/ and Fexc carbides.
Niemerntsverdriet gt al. {11) favor analysis with the amorphous
FQHE carbide. They note that thiz transition carbide is charac-
tes r1ed by 8 huperfine field below “275 kOUe and that it

yransforme te cther carbides zoon after the disappearance of the



PERCENT TRANSMITTED

-§.0 0.0 7.0
VELGCITY IN MM/SEC

Figure 3 Missbauer Spactra of a-Fe Reacted at 458 K.

a) a-Fe
b} treated in 3H2/CO for 45 minutes

21
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w-Fe. The Fe o Loan Fargure 5.2 would have & ssonetic splitting
afF mppTosimately 234 Kl Thee w-Fe . carhide snalysis approach
. —t ‘::(

will suffice as well., bul the small contribution from each site,
approzimately 5% relative srea. does not permit an authoritative
sgsignment of the carbaide. Un the sssumption that the iron and

carbide have equal vecoil-Free fractions, one concludes, however,

that the o-Fe i

Y]

roughly 208 carbided after 45 minvtes of reac~

tion.
2.5%.2 ¥Vi~Fe
] i kr-q
The W'-Fe M catalyst was prepsred by nitriding a reduced
¥
warer in S0X MH. at SR E for &5 boors. The room temperature

el

spectrum of this ratslyst is presented in Figure 8a and the
Mosshauer peremeters are given in Teble 3. Two superimposed six
line patterns. & rero nearest neighbor (340 kDe) and a two
nesrest neighbor (215 klel, ¢#it the spectrum adequately, but the
fit ie improved by considering twe 2nn sites {1I1A and IIB). 1In
line with the theoretical amalysis by Clavser (12), the two ine-
quivalent Znn magnetic sites sre constrained to have relative
intensitier in the ratie 2:1. In additiowm, initial peak position
aseignments are made =o as to bias the fitting to yield fields

with opposite sign guadrupcle interactions. The spectral area

ratic in Figure 4

m

is O 73:1.00:2.00 (1:11IB:11A), 3% compared to

the dideal 1.1:2 rati

for ztoichiometric H’“FE4N. In fitting

thiz ¥ -mnitvide zpectrum, it iz necezsary to include = central

7

doubklet with an icomer shitt of D. X7 mm/s and quadrupole split-

ting of 1.311 mm/s. The douvhlet, designated Fe—-3, accounts for
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Figure 4 Mpssbauer Spectra of y'—Fe4H Reacted at 458 K.

a) Y. "Feéﬁ

b) treated in 3H2/CO for 85 minutes
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18, 9% of the wyportrsl srese.  Low temperature snalysis should dis—
cern between thic contribotion arising from a small particle
mitride or s Ton magmelic g-nitride. The reducing atmosphere of

nitriding mixture precludes zuch a large amount of

(]

L

the HH,H

r

iron oxide phace.

The Mozsbsuer characterization of the H”~F94N catalyst after
80 minvtes reasction at 458 W is shown in Figure 4b and spectral
parameters are given in Table 3. Only the eighteen peaks from
the ¥-nitrdis, and the Feed) doublet, could be determined from
the computer £i11. The I8, WS, and HFS values far these three
sites are in sccordence with the starting catalyst. The 2nn
sites. asltheuoh =zti11l constrsained to a3 2:1 relative area ratio,
are 10158 greater in area than those in the fresh V’*F94N. The
aresn of the ¥ Onn =ite iz unchanoged, An additional carbonitride
or carbkide coentribution: unresolved at the present spectrum reso-—
lution, weowld sccount $or this incressed area Fraction. A better
étatistical fit iz given if one reverses the =3:2 O35 symmetry
expected in pure ¥ -nitride. A zimilar fitting Lo the virgin
Hf—Fe4N gpectrum would et converge. Ewen during synthesis reac—
tiomz at S22 b over the ¢ ~-nitride, no differentiation between
the ®I11 carbide site <218 kOed and the ¥'~-11 sitez could be
made., So, slthough zome ¥ -carbonitvride and carbide formation is
expected. the probable inhemopgeneity oF the phase prevents its
identification in the spectrum fit. Furthermore, & decrease in
the non-magnetic contribution is seen between Figure 4a and 4b.

The increase in the quadrupole splitting frem 1.1 to 1.4 mm/s,
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éignifies grester charge aszummetry at this Fe site.-ﬂﬁné!éan
speculate that additien of carbon in the vicinity 0? thi% site
cén reoréer a8 portion of the damaiﬁ as magnetic-ané Fur?%gr_
polarize The Elactrqgic stzte of the paramagnetic'éqmainf ?he
kd;g%ee of carban‘incorpnratiﬁn would account for less tﬁan 10% of
the spectral area; #4s such. the kinetics are vepresentative B#IE

.ﬁulk ﬁ“«Feqﬂ.

2. 5.3

~Fa M

>

i

The e-nitrids tétalgat was sunthesized by witriding 2
reduced wafer in F1% HiH., at 852 K for & howrs.  The Mosshbauer
parameters for the computer £it to the voom temperature spectrum

(Figure Sad are given in Tsble 3. In addition %o the e-11 and

e—I11 fields,

s

zmall W Onm ocondributicon is evideni. The‘S;all
spectral area of this site {i.7%) is responsible for tﬁe devia—
fion from the expeéted HFS value (™330 kBel). The éssocia?ed £nn
gité,_identiPiéd az ¥ Sepsilon—-11 in Table S.Q, aliheugh ;hérac—
terizéd by = typical ¥ magnetic splitiing of 214.2 kGe,_is'nat

plely 2 ¥W-11 site. The 1.7% ares contribution from ¥/-1 limits

1]

e total Fe, M ares %o below 33 Cnnstréining the area of this

b

4
i lins pabttsrn to three dtimes that of fthe highsrlﬁ’ field,
rather than reducing the ¥’ 2nn eres, increases the Onn ares
vnreasenshly. Therefore, we attribute thic tuwo nearest neighbor

contribution o an inhomogensou

i

mixbure of ¥ precipitates in
hocp s=Fe M. The e-nitride inhomogeneity can be wvizualized by
coneidering @ distribution of hypevrfine Pields. The varistion in

- staztigtical placement of nitrogen meighbors in the firsi
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Figure 5 M§ssbauer Spectra of e-FexN Reacted at 458 K.

b) treated in BHZICO for 85 minutes
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{nearest) higher coordination shells of each iron atom will gen-
erete nonuniform Ffields at their nucleid. Cheﬁ Bt ai. ?iB)IQnd
DeCrictofarn arnd Keplow (14) favor this distribution a¥~magnetic
fields approech. The nonmsgnetic Fe-8 site should thus
‘carreépand to underestimated innermost pesk intemsities ENCBUR—
tered when fitting #1pld broadened spectva with 3:2:1 ares con-
- straints.  Yeh et a3l 115). in addition te fitting with an HFS
‘distributicn. also réquire s nonmagnetic doubklet in their voom

temperature Mussbauer spectra

The e-nifride catsluzed (0 hgdfcgenatian for aspproximately
1.5 hours. The room temperasture specirum of the spent éatalgst
(Figure Sby stiil exhibits s seall ¥7-Fe N cowtribution. A
hajnritu of the starking nitride, &-11, =111, and Fe~@; iz a3lso
retzined. The hygperfine Fields of e=1T zmd e~111 zve higher than
those in the steriding nitride, indicative of N Icss;. Further~
maTe, the spectrsl ares of the &-I111 zite has decressed from 34

to 20%.

The computer fitting also identified three new magnetic
SpELIES iﬁ the carburized sample. & low spectrael e?eavénd ovep—
lepping peak positioens of the thiré site, however:; does not war—
rant itz discussiom.  The remzining bwo species, e-1I1 anﬁ e—-I111 ,
aTe stivibuted to e-carboniiride mites having tws and three
interstires ccocoupied. Foci é 1. {1&) identified o {CMY) car-
bonidride with 8 isomer shift of O30 mm/s and & magnetic field
has similar paramsters.  Ths actual

mf 242 ks, Th —11 =i%

D
W
3

identification of these trensition carbonitrides reguirtes a
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greater vreaction length so that greater definition is given each
propresed site. Une mey say though, that Fe sites with carbon

neighbors account Fer voughly 204 of the spectral area.

;'..TI

4. g-Fe N

B

g f-nitride catalyst was sunthesized by flewing pure HH3 at
573 ¥ for 8 hours over a reduced ivon powder. The computer fit-
ted room tempersture Mecsshaver spectrum is given in Figure 6ba.
The Moschauer parameters {lable 3) For this fit indicate a single
ﬁﬁaze paranagnet 1o ¢~FGZH. The spectrom of the cataluyst after 80
minutes of reaction {(Figure &b) exhibits magnetic ordering in
addition to pure ¢-mnikrTicde. By subdracting the §~Fe2H contribu-
tion and expanding the spectrum scales, the background becomes
substantially more clear {(Figure &c).  Tuwo magnetic fields and a
single doublet are predicted in Fitting this ‘vresidual’. The two
magnetic sites have hyperfine splittings characteristic of iron
with 2 and 3 nearest nitrogen neighbors. The lower field site
has & quadrupole splitting of -0.30 mm/s, and couvld not be fit
with a3 physicelly meaningful zero guadrupole split six line pat-
tern. Nor couvld & separate magnetically ordered site be intro~
duced into the fit. This 108.1 kOe field is attributed to over-
lap betwesn an =-I111 site and a less intense ge-carbonitride site,
probably of NND structure. As a spectral area of ten percent of

mere is normallu detectable, the carbonitride contribution to

1

J

pzctral ares of the reacted £-Fe_H may be estinzsted az less than
10%. This would be less than the spectral areas of carbon phases

in iron, W -nitride, snd e-~nitride.
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M¥ssbauer Spactra of ;-Fezm Reacted at 458 K.

-a) z-Fe N

b) treated in 3H,/CO for 85 minutes
c) as above Tess non-magnetic components
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Future Besearch

Recesrch in the next 3 month period will emphasize the com—

suter fitting of complicated carbonitride peaks in Mossbaver

spectra. Transient mass speciral analysics of the decomposition

in hudrogen of pre-nitrided catalysts after Fischer-Tropsch syn-—

thesis will give additicnal information on the stoichiometry of

the bulk phese during reaction. The effect of pre—carbiding a

nitride on the suhsequent synthesis reaction will also be inves-—

tigated.
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