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ABSTRACT 

The s'.lnthesis of' e-re2 .7N is conf'ir~Mtd b.., Mossbau•r spec-

t rosc or•Y . Carbur i zat ion of' a-iron nitride f'or 2 . 5 hours in 

3H2/CO at 323 K starts the f'OT'ft'tat ion of' a bulk structure similar 

to tha~ ••en du•·ing ~~-iron nitride carburization. Reaction of' 

v~-r.4N in 300/H2 synth•sis gas at .523 K shows a better bulk sta­

bilit'-1 than reaction in 3H2.1'CO. Kinetic analysis of' the product 

distrib~tion at the higher CO ratio confirms greater activitv and 

selectivitv maintainance. 

Th• kin•tics of' denitriding in both He and H2 was studi•d 

with a mass spectrometer. Extremel~ rapid nitrogen loss was 

obs•rv•d f'rom both ~~-Fe4N and e-Fe2 . 7N catal..,sts in H2 at 523 K. 

In both cas•• a initial exposure to H2 produced a signif'icant 

am~unt of' NH3 which w• ascribe to an active surf'ac• sp•ci•s. 

Hvdrogenation of the bulk continued with a slow rise to a maximum 

about 90 second~ af'ter the introduction of' H2 . The denitridlng 

activitw of' the e-Fe2 . 7N ca~alyst was signif'icantlw higher than 

that of' th• v~-re4N catalyst. In contrast, the denitriding rat• 

of' e-r•2 . 7N in He was signif'icantly slower than that in H2 until 

high temperatures (773K) were reached. An overall activation 

energ~ of 41.5 kcal/mol was ob~ain•d for this process. 

Comparison of' the denitriding rate of' virgin a-Fe2 . 7N in H2 

with that of the same nitride after five minutes of carburization 

during the h~drocarbon s~nthesis reaction indicates large differ­

ences in the overall rate. The carburized nitride was some 300 
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tim~• less active to bulk hvdrogenation than th• vi~gin catalvst, 

which is indicative of significant changes in the fi~st 'e~ 

lave~• of the nitride during the initial minutes of the svnthesis 

reaction. 
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~- OBJECIIY£8 ~ SCOPE 

1. 1 BACKQROUND 

The f'easibility of' utili7ing synthesis gas <CO + H2> via the 

Fischer-Tropsch reaction pathwa~ for th• production of fu•ls and 

chemicals is well established. The SASOL ventur••• for exampl•, 

tak• advantag• of abundaut coal resources to produce both d•sir­

abl• svnth•tic automotiv• fuels and basic chemical f•adstocks. 

Th• applicabilit~ of these chemical transformations is non•th•­

loss limit•d. The present procedure re~uires extensiv• proc••s­

ing if th• production of non-ess•ntial b~products is to b• 

avoid•d. Th• discoverv and sub••~uant usage of improv•d 

catalvsts would therefo~• be advantag•ous. 

Exp•rim•ntal results publish•d in the curr•nt lit•ratur• 

show that nitrogen affects th• p•rforma~c• of iron catalvsts­

catalvsts which find wid•spread usa in th• Fisch•r-Tropsch svn­

th•sis rout•. Prenitriding of th• fused promot•d iron and pr•­

cipitat•d iron catalyst is said to shift th• product distribution 

to on• •xhibiting lower molecular weight fractions and •nhancad 

alcohol vi•lds (1,2). Iron nitrides with high initial activitv 

and significant stabilitv o.ver we•ks of exp•rim•ntation ar• also 

r•port•d (1,2>. On th• oth•r hand, simultan•ous introduction of 

am~onia <NH3> with synth•sis gas produc•s nitrog•neous compounds. 

Furthermor•, and probablv of greater importanc•• this addition of 

ammonia •ff•cts • reduction in tha ov•rall chain l•ngth of com­

pounds in th• product sp•ctrum (3,4). It is of consid•rabl• 
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interest, therefore, to study these and other characteristics of 

nitrided iron catalvsts in order to gain a basic understanding of 

their behavior. Discoverv of the new pathwavs in Fischer-Tropsch 

svnthesis afforded bv nitrogen will add to the fundamental 

knowledge from which future svnthesis-catalvsts can be derived. 

1.2 08'-'ECTIVES 

The scope of the program may be broken down into ~wo main 

areas of concern. Firstly, consideration must be given to the 

role of the surface nitroget• in 

i. altering the product distribution and 

ii. •tabilizing catalyst activity 

of the synthesis reactions. In-~ Mossbauer studies, are aid­

ing in th• tdentifi~atign of the various iron nitride pna••• and 

allow examination of their stability during reaction. The 

Mossbauer r•sults are forming a the basis for detailed kinetic 

tracer ••P•~tments involving tran•ient and isotope labeling ana­

lv•••· Ultrahigh vacuum work using SlMS and AES will supplem•nt 

the Mossbauer and kinetic characterizAtions. XRD studies will 

supplement the Mossbauer effect in identifving 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 svnthesis gas stream. Transient work will be ideal for 

observing initial activity changes occurring as a result o~ NH3 



pulses. Along with ultrahigh vacuum studies, the transient 

kinetics of NH3 addition will help clarif~ which steady state 

experiments would be most productive. The various anal~tical 
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methods will ·define interactions between surface and bulk nitro­

gen, and their role in ef~ecting new reaction pathwa~s. 

The prima•·y experiments which define our route to under­

standing which paramete•·• influence the selectivit~ and altar the 

activitv of synthesis reactions may, therefore, ba outlined as 

follows: 

i. Mossbauer and si~ultanaous kinetics of pranitridad iron 

catal~sts are being used to determine nitride ph••• 

stabilit~ and to correlate thasa phases to reaction 

selectivity. 

ii. Similar anal~~is o~ the e~f•cts of addition of NH3 to 

the reactant stream wi~l be performed. 

iii. Transient analysis and isotope tracer studies of s~n­

thasis reactious ave•· prenitrided catalvsts will dater­

mine surface nitride stabilit~. The stoichiometr~ at 

the surface and influence of nitriding on CO dissocia­

tion will be sought. 

iv. Ultrahigh vacuum anal~sis will examine surface 

stoichiometr~ and reaction intermediates. Interaction 

between the nitrided phases and adsorption bond 

strengths of· CO and H~ w i 11 be invest i gat •d . 
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v. Th• •~fects of N~3 addition to the r•actant str•am will 

be si~ilarlv followed bv UHV and transient tracer stu-

dies to determine possible alterations in reaction 

pathwaws invok•d by th• pres•nce of NH3 . 

Computer modeling will be undertaken to aid in ~uantitative 

interpretation of transient data. 

2. TECHNICAL PROGRESS 

2. 1 LITERATURE REVIEW 

2. 1. 1 Iron Nitride Decomposition 

Decomposition of iron nitrides subJected to various gas 

atmospheres has received some attention in the literature. The 

i nt •rae t ion < .. dsorpt ion and desorpt ion) o~ N•13 ~rom sing 1• c rw­

stalline iron surfaces provides an approximation of the behavior 

of nitrogen with polycrvstalline iron surfaces. Qrunze 1.1 Al.· 

(3) studie~ the interaction of ammonia with Fe(111) and Fe<100) 

surfaces wtth UPS, AES, LE~O. TPD and work ~unction measurements. 

Their measurements o~ therm•l desorption of ammonia from 

F•<111) showed three ad!torptio11 sites <Bl, BG! and s3 > at 160., 210 

and 330 K respectivelv. The two lower temperature sites 

<B1 and s2> indicate cov•rage ind•p•nd•nt ~irst ord•r d•sorption 

kinetics ~ith activation energies of about 10 and 12. S kcal/mol 

r•spoctivel~. The s3 stag~ i~ attribut•d to the r•combination o~ 
\ 

NH ad and <3-x> H d The coverag• dependency o~ th• s3 stat• x a . 
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tempe1;ature indicates • second or.der rate process. The activa­

tion energ~ is estimated to be 20 kcal/mol, is agreement with the 

25 kcal/mol estimate b~ Qa~ tl A.l.. (6) for this most tightl~ held 

site. ·The Fe<lOO> surface behaved similarly but uncertainties 

during data ac~uisition precluded definitive numerical assign­

ments. 

Dr•chsler (7) studi•d adsorption and decomposition of NH3 

from F•<110> surfaces at temperatures from 130 K to 800 K with 

SIMS. Exposure of a clean Fe<110) surface to ammonia at tempera­

tures b•twe•n 130 K and ~7~ K produced non-dissociativ• NH3 

adsorption. Am~onia desorption <or complete dissociation> wc~s 

essentiallv complete above 365 K. These SIMS studies showed 

c~dsorbed NH to be significantly more prevalent upon the Fe<110> 

surface than adsorbed Nll2 . Grunz• ~ Al· (5) w•r• unabl• to 

separat• NHad from NH2 ad with UPS 'fingerprints'. 

Ertl and co-workers <9> followed the decomposition of • and 

Y' su~face nitrides <cnemisorb•d nitrid•> and ni~ridw la~vred 

iron foils bV means of AES, XPS and TPD measurements. The pTa-

perties of Y'-re4N and •-Fe
2

_
3

N surfac• nitrid•s should p•r•it 

correlation to the stabilit~ of bulk iron nitrides. The authors 

state that thermodynamic cousiderations allow formation of both • 

and Y' surfac• nitride <ch~misorbed) layers from NH3 provid•d th• 

H~ partial pr.ssure· is suffici•ntly small. AES and XPS spectra 

of irott surfaces. exposed to pressures of ammonia at vaTious tem­

peratures for different durations, show surface nitTogen and iTon 

conc•ntration ·~uivalent to stoichiometric Y'-~e4N and e-F•2 N. 
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An ~-F•-N sample W3S monitor•d by Auger spectroscop~. Th• 

su~face lave~ nitrogen concentration exhibited plateaus1 an ini-

tial e-Fe~N layer giving way to a V'-Fe4N layer and ¥inall~ an 

a-F• lay•~ satur·ated with dissolved N atoms. Thermal d•sorption 

sp•ctra o¥ N~ ¥rom a pol~crystalline Fe4 N samrl• showed single 

b~oad _deso~ption peaks corresponding to 54~3 kcal/mol <flo~· fi~st 

. . 13 -1 t. 1> ord•r desorpt1on and a 10 sec pre-e~ponen 1~ , Ann•~ling an 

i~on sample, baflo~e thermal deso~pti~n, added a second high•~ 

temperature daso~ption peak to the spect~a, a peak att~ibuted to 

N di¥¥using ¥rom the sa~·!"•le bulk. Thermal desorption ¥rom •-F•-N 

on th• oth•r hand produced a N2 d•sorption peak at 700 K rath•r 

than that at approximately 850 K ¥or th• V' nitrid•. An 

A~~henius plot fo~ the fi~st o~de~ decomposition of seve~al 

•-nitrides ~i•lded activation energies o¥ 27~3 kcal/mol. Indica­

tions ar•~ tner•¥ore1 that Fe4N is more stable than •-Fe~N . 

. Qoodeve and ~ack (9) and subse~uentlv ~ack <10> studied the 

kinetics of nitrogen evolution f~om i~on-nitrogen inte~stitial 

allo~s~ particularly e-iron nitrides. Each ¥ollow•d rates o¥ 

d•nitriding o; high N containing •-iron nitride powders in vacuo~ 

in nit~ogen, in carbon monoxide •nd in hydrogen. The iJl VICUO 

expe~iments denote pressures below 20 torr. In both works (9,10> 

Jack conclud•d that the det•itriding o¥ a-iron nitridao proc••d•d 

at al~ost identical second orda~ rates in yacuo, or in one atmo-

sph•~• of either nitrogen or ca~bon monoxide. The ~ate cont~ol-

ling p~ocess would probabl~ be the same in each expe~iment. 

P~aliminarv ~•sults also confirmed that the condition of the 
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•llov surface was an important r•te determining feature. 

Denitriding in a hvdrogen •tmosphere proceeded at rates fas­

t•r~ b~ ~ ~actor o~ 103-104 ~ than denitriding under inert condi­

tions. This increased rea~tion rate in H2 precludes nitrog•n 

diffusion from being the single slow step. ~ack attributed the 

slow r•te of recombination of pairs of nitrogen •toms •t the 

solid surface to be the pr~bable rate controlling step under 

inert conditious. Engelhard and Wagner <11> similarlv concluded 

th•t the r•te for the reaction 

N<dissolvaod in a-F"•> + 3/2H2 <g)->N•I3 <g> 

w•s cor.trolled by the reaction 

N<dissolved in a-Fe) + H2 <g>-> NH2 <a> 

rather th•n bulk N diffusion through the bulk. 

~•ck <10> calculated the activation energv for the hvdrogen 

assis~•d d•nitriding o~ a-iron nitride to be approximate!~ 1~ 

kcal/m~l ~rom initial rates in th• temperature range 250-350°C. 

The second order rate of nitrogen evolution in a non-hvdrogen 

atmosph•r• at 3~0-500°C wa~ associated with an activation energy 

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 svnthesizing and carburizing atmospheres has been 

reported previouslv <12). This section will summarize those 

results and include recent work bv Veh 1.1 u. <13). The authors 

reported on the promotion effects of potassium and nitrogen on 

the activitv and selectivity of silica supported iron. 

R•actions were investigated at 250°C and at pressures o~ 

1.0~ ?.8 and 14.0 atm. At ?.9 atm and 3H2/CO both potassium pro­

moted and non-promoted iron catalvsts (nitrided and non-nitrided) 

showed good stability without carbon monoxide turnover fre~uency 

deterioration between 3 and 12 hours. At approximate gas hourly 

spac• v•locities <GHSV) o~ 250 hr-1 both the iron nitride and K 

promoted nitride showed decreasing ethylene and propylene selec­

tivities whereas the selectivities for unpromoted Fe were roughlv 

constant. The nitride olefin to paraffin ratios did, however, 

remain higher than the corresponding ratio for iron. This ten-

dencv in ethene/ethane ratio ~as maintaind at 14 atm between pro­

moted and unpromoted iron nitrides as against the corresponding 

promoted and unpromoted iron. This trend reversed with the pro-

mated catalvsts at one atmosphere, indicating the pressure sensi­

tivit~ o~ th• C~ selectivities. Veh and coworkers (13) also stu­

died the production of methanol and ethanol during synthesis 

reactions over their silica supported catalysts. Althou9h 

alcohol production from iron based synthesis catalvsts is small 

at one atmosphere, production becomes more prominent at higher 

pressures. At ?.8 atm. with 1 H-/CO~ the unpromoted iron 

catalvst produced almost twice the methanol as the iron nitride 
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cat•lvst. At the· same conditions, the promoted iron nitride pro-

duced more total alcohol <methanol and ethanol> than the promoted 

iron. Nevertheless, the production of methanol by the unpromoted 

iron c•t•lvst was more than the combined methanol plus eth•nol 

produced bv the K promoted iron-nitride. So, along with a lower 

alcohol vield, the nitride (promoted or not> was shown to produce 

a l•rger molecular weight product than iron alone. 

These l•st two obset·vations •re in conflict to worlc bv 

Anderson (1,2> with K promoted fused iron. Both Anderson and 

coworkers (1,2, 14) plus Borghard and Bennett <15) determined th•t 

promoted iron nitride produced lower molecular weight products 

th•n an unpromoted iron catalvst. Furthermore Anderson <1.2.14> 

observed • significant tendencv of the nitride to produce 

alcohols •nd other oxygenated products. Obvi ouslv. sue h 

discrepencies are of importanc• •nd warrant further studv. 

2.2 SUMMARY OF RESULTS 

Unsupported e-iron nitrid• was synthesiz•d and the b•havior 

of th• bulk sample followed du1·ing synthesis reaction in 3H2/CO 

•t ~23 K. Messbauer param~~ers of this approximate F•2 .?N compo­

sition wer• estimated as: r•s <Hvperfine Splitting> •bout 235 kOe 

and IS about 0.3 mm/s. Appearence of an additional ph•••• simi-

lar to that •ncountered in ~~-nitride 3H
2

/CO carburization~ was 

tsol•ted •• evidence of bulk modification. Carburiz•tion of a 

¥'-re4 N sample with 3CO/H2 at 5~3 K proceeded at a slow•r rat• 

than carburization of a ~~-nitrid• in 3H
2

/CO. The r•action in 
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3CO/H~ •xhibited notabl• sLabilit~ with high alk•n• production 

during four hours of reaction. 

Mass Spectrometric studies revealed uni~ue denitriding 

b•havior o~ both the ~~ and the • bulk nitrides in H2 . Evid•nc• 

of two distinct nitrogen containing species appears1 one a fast 

reacting surface species, and the other a slowlv activating 

nitrld• ·~•~i•s. Denit~iding in nelium of e-r•~.?N is coftsid•r­

abl~ less active, and an overall •ttivation energ~ of 41. ~ 

keel/mol was determined. These results have significant implica­

tions to nitride stability during the Fischer-Tropsch reaction. 

At th• onset of s~nthesis gas~ only a small amount of NH3 is 

observed, indicating the stabilit~ of the nitrided catalvst in 

CO/H~ atmospher•s. Additio••ally~ if the carburiz•d nitride is 

th•n expos•d to H2 ~ the denitriding activity is surprisingly 

inhibited. 

~.~.1 •-F•xN Carburization 

A bulk •-iron nitride ~as pr•pared both in the Mossbauer 

cell and in the transient kinetics reactor. Conditions have been 

•stablished fot· e-FexN production from r•duced a-Fe as 6?3 K in 

88.SY.N~3 . We have already determined that at 6?3 K~ 85Y. ammonia 

will produce v~-Fe4N and about 89Y. ammonia will produce ~-Fe~N in 

the Mossbauer cell <12). The present difference in s~nthesis 

conditions is attributed to slightlv different precursor prepara­

tion procedures <12). Figure 1A presents the Mossbauer spectrum 

for th• in~ e-iron nitride. Slight out•r. shoulders at 
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approximatelv +,.6 and -5.3 mm/sec indicate the presence of verv 

small quantities of zero n•arest nitrogen neighbor interstices 

<¥'-F•4N). Comparison o~ this sp•ctrum with one pr•••nt•d b~ 

Firr••·o ~ al· (16> indicates a nitrogen to iron concentration 

~i•lding approximately e-Fe2 .7N 

Our •-i~n nitr1d• sam~l• was carburlzed in 'lowing 3H2/CO 

sunthesis gas •t 523 K ~dr 0.3 And 2. 5 hou~s. The ~oom t•mpera­

ture spectra are shown in Figures 18 and 1C respectivelv. Liquid 

nitrogen spectra are also a~ailable but will not be presented 

he1'e. The original <Fig. 1A) six line pattern is characterized 

bv the outer pe~ks having an isomer shift <IS> of about 0.3 mm/s 

and a hvperfine field splitting <HFS> of about 235 kOe. The 

spectrum afte1' 0.3 hr of reaction changes varv little from that 

of the f1'esh nitride. Rather the morphological changes occur to 

a greate1' extent during the following two hours of reaction. 

Figure 1C shows noticable decrease in outer peak relative inten­

sitv. This decrease is accompanied bV a slight decrease in HFS 

and an apparent increase in the line width of these outer peaks. 

Hvperfine field distributions do occur with variations in the 

number of iron nearest neighbors <17). Prelimarv spectrum 

analvsis of Figure lC shows the emergence of a new six line 

transmission pattern <HFS ~ 1?0 kOe~IS: 0.25 mm/s). This struc­

ture has alreadv been tentativelv isolated during the carburiza­

tion o~ ¥'-r•4N <13). A longer r•action time would permit •••i•r 

identification of this irou site. This planned work and subse­

~uent compute1' fitting of the spectra should allow phase identifl-
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ic::ation either ~u apsilou' ca•·bid•, as pT'oposed ••rlittr C13), or 

as a nitrogen containing phase. 

~.~.~ Lower H2 1CO Ratios 

Preliminarv experiments of nitride stabilitv and sel•ctivitv 

at low•r H~/00 ratios w~r·e conducted for ¥~-iron nitrid•. Figur• 

2A presents the Mossbauer spectrum of a reduced iron ~afer 

nitrid•d in SOY. NH3 <70 ml total flowrate) for two hours at 6?3 

K. Th• sam~l• still contains slight quantities of a-F• as is 

•••n b~ th• assymetry of the four out•r most lines and inn•r 

shoulder on the right most <+ velocitv> peak. Other~ise, the 

majorit~ of iron is in ¥~-nitrid• fcc coordination. Figures 2B 

and 2C sho~ the room temperature Mossbauer spectra of this 

¥~-iron nitrid• carburi7•d for 1? min and for 2.5 hours respec­

tiv•l~. 66 ml/min of 3CO/H~ synthesis gas mixtur• flow•d at S23 

K. The spectrum of a similar ¥~-iron nitride r•act•d for 2.S 

hours with 3H./CO (66 ml/min) at 5~3 K is presented in Figur• aD 
for co~parison. The noticabl• differenc• in th• ¥~ spectrum 

after 2. 5 hours of reaction ~t higher CO concentration over the 

3H2/CO mixtur~ (Figure ~C against ~D) is the maintainanc• of the 

zero "*•rest nitrogen neighbor sites. The intensities of the t~o 

outermost peaks <zero neighbor) and the next innermost pair are 

greater after the reaction in lo~er hvdrogen partial pressure. 

Qr•at•r •xt•nts of carbur·iz•tion in 3H~/CO <4-16 hours) indicate 

that the loss of the more noticabl• outer lines in the 220 kOe 

six line pattern accompauies the incorporation of carbon into the 
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nitride matrix. 

On this basis, as the higher CO partial pressure is not pro-

ducing an increased carburization rate, some factor must be inhi-

biting C incorporation. Two explainations could describe this 

condition. A higher ove~all conversion of svnthesis gas to 

hvdrocarbons Chance greater activitv in ·~ual flow comparisons) 

in th• 3H~/CO •xperiment may pr~duce greater activ• sur~ac• car­

bon deposition. Also, au increased part ia 1 pressure of hvdrogen 

will provide a leaching atmosphere f~r substantial N removal Cas 

NH3 ), th•r•b~ providing carbon with more access to th• nitrid• 

lattic•. Th• Faster rate of denitriding in H2 than other under 

'inert' conditions has been reported bv ~ack (10). 

Kinetic analysis oF the 3COIH2 reaction products show•d a 

hvdrocarbon distribution high in alkenes. No noticable ~uanti-

ties of propane, butane nor pentane ~ere produced during the four 

hour reaction. A larger ethene concentration was produced in the 

75X CO flow than in the 25% CO re•ction. Furthermore, the reac-

tion was noticably more stah.le in 3CO/H~ than it had b•en ¥or 

¥'-iron nitrid• exposed to 25% CO. DiFFerences betw••n carburi-

zation and kinetic behavior of the nitride and unpromoted iron 
' mav become more noticable at higher CO concentrations. We p~an 

to include this avenue in our approach to elucidate the promo-

tional affect of interstitial nitrogen upon iron in the Fischer 

Tropsch pathwalj. 
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2.2.3 T~ansient Kinetics bv Mass Spect~ometrv 

T~ansi•nt denitriding beh•vior o~ both ¥'-Fe4N and e-FeKN 

has been fu~ther investigated bv mass spectromet~v. Figu~e 3 

show• two s•paTate denitriding •xperiments in H~ at ~S0°C, on• o~ 

e-F•xN and t~ other o~ ¥'-re4N. The catalysts wer• both 

p~epa1·ed from 0. 1 g of Fe precursor, which was reduced and then 

nit~id•d ~or 3 1/2 hour• in 1) SSY. NH31H2 at 390°C ~or •-F•xN o~ 

2) ?5~ NH3/H~ •t ~~5°C o' ~'-re4N. 8oth p~~pa~ativ• m~tho~s wer• 

confi~med bv Mossbauer spectrometrv. · After being nitrided, the 

catalyttt watt pu1 ged f'o~ se·./c-ral minutes with helium at 250°C to 

desorb ammonia from the svstem. Hvdrogen, with 20X argon serving 

as a time mark, was then introduced over the catalvst at a flow 

rate of 50 ml/min, therebv h~drogenating the nit~ide as shown in 

Figure 3. Both catalvsts had similar overall denit~iding 

behavior. 

F~om the hydrogenation o~ F•4N, it is appar•nt that th•r• 

a~e two di•ttnct nitrogen species1 a first, active surface 

species reacts to form the first small maximum, and then a second 

slow activating species builds to a maximum aftc~ ~b~ut 100 

secands. Th• i"itial small maximum represents 40~ vf • manu­

lay•~, assuming a surf'ace area o~ 4.3 m~/g reduced Fe, determined 

bv CO chemiso~ption previouslv (12). The large maximum is at 36X 

of the total N in the catalvst. The total moles of N in the o~i­

ginal catalyst is obtain•d by int•grating the NH3 out to t•n 

minut•=· Accordingly, a stoichiometric ~ormula o~ Fe3 . 85N is 

~ound, which is in good agreement with a ¥'-Fe4 N catalyst. 

~ 
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n... h'aldl -og4tnat ion of' e-F e N is a 1 so shou•n in F i gur• 3 . As 
X 

can be seen, the activitv is significantlv hig~er for this 

catalvst. The initial maxi~um corresponds to 1.3 monolavers of 

material, and the large ma•imum is at 39X of the total N in this 

catal'alst. In this case th~ stoichiometric formula is F•a. 66N, 

and is th•r•f'or• in th• a-FexN range as expected. 

If hvdrog•nation is diffusiou limitad; the evolution of 

ammonia is at a maximum at the onset o~ H2 , ther•af't•r d•creasing 

due to longer diffusion paths and decreasing area of the nitride 

core. Lilce~a~ise, if one simple SU1"fac:e reaction limits the 

hvdrogenation, then ammonia evolves at a constant rate. Figure 3 

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

comp\•r model must be proposed. 

The first model considered far this process consisted of a 

series of irreversible surface reactions: 

kl 
N<nitride)+8·~N<wurface) 

k2 
N<su~f)+H<surf)->NH<•urf)+9 

.f'a~ 

NHCs~~~>+~HCsurf') -> NH3<g~s) 

Th• NH species is the precu•·sor of' th• first maximum; af't•r it is 

ctuick l'al hwdrogenated the su.·f'ac• wi 11 be larg•l'al empt'al. A slow 

ris• in N<surf'ace) could presumably •xplain the obs•rved 
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phenomenon. A first appraximatiari far computer simulations of 

this model assumed that H<surf.ce) was constant at 0. 1 of a mona-

Iauer. or 

•0 

Results of this simulation shaw that this model cannot explain 

the extremelv slaw rise to a maximum, and therefore either 

H<surf) is not constant or the model is toa simplistic. These 

studies are continuing. 

The total duration of the· denitriding processes in these 

experiments agrees well with similar hotsbauer experiments con-

c•rning l-F•~ d•nitriding~ pr•s•nted in our last report <1~). 

Whil• ~ollowing denit~tding in H~ o~ l-Fe~N with constant v•lo­

citv "ossbauer experiments, we found that the nitride was essen-

tiallv reduced after 300 seconds at 598 K, which is on a similar 

time scale •• the denitriding of the other twa nitrides shown in 

Figure 3. Future "assba~er experiments will examine the struc­

ture of these nit~ides during the "transition" region of the den-

itriding process. 

Wh•n 3H~/CO is added to the gas stream over virgin •-F•xN at 

~So°C (1~), am~~nia is observ•d as a spike a~ in Fi~ur• 4a. IP 

th• bas• lin. NH3 is subtracted, the total N observed corresponds 

to 1.7 monalavers. which is slightlv more than that observed in 

pur• H~<1.3 monolay•rs), The active sur~ace N spe~i•• s•l•c­

tiv•l~ prod~c•s NH3 ~ and ~urth•r hydro~enation o~ th• bulk 
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nit~ide is inhibited by • surface carbon species. After five 

minut•= o~ Fl S'tll:ltheosis, th• catalyst was •xposed to puT'• H~, and 

th• pT'oduction of' NH3 w•s at a:constant, slow rate, as in FiguT'• 

4b. This is in contrast with the hydroge~ation of viT'gin 

•-F•~. ?N <Figur·• 3>, in u.;hich NH3 was pT'oduced at a much hiQh•~' 

~ate. P~oces••• which have occu~ed du~ing the five minutes of 

synthesis clearlv effect the denitriding activity. 

FiguT'• S shows th• T'eo~ult o~ denitT'iding an e-F•~.?N 

catalyst in helium while ramping the tempe~ature. The plot 

befo~e 30 seconds shows the steady state nitriding conditions at 

390°C <the N: ~ and Ha coracel)trat ions aT'• not shown> and th• cata­

lytic pT'odUc t ion o~ N2 ~rotr. N113 is appaT'•nt . The N~ pT'oduc t ion 
: : -~ -1 c OT'T'•s~ond•d t_o a turnover nutr.b•T' o~ S . 3x 1 0 sec . H•l i um was 

then introduced over the catalyst and the tempe~atu~• was ~•mped 

•• shown in Figure 5. In the fi~st portion of the graph Cto the 

~iT'st maximum at 190 ••conds), N~ •volv•s accoT'ding to a ~iT'st 

orde~ ~el•t1onship and therefot·e •n activation energy of 41. 5 

keel/mol is found. This compares to Ertl a1 Al· '1 value of ~• 

kcal/m~l ~01' an •-Fe~N catalyst <8>. Th• di~feT'•nc• in 

stoichiomet~y could account for the disc~epency. It is tempting 

to assign the s•cond maximum to the •volution of N~ ~T'om ~'-F•4N 

nit~ide fo~med during the denit~iding process, but this needs to 

b• studi•d ~urtheT'. Similar •xp•T'im•nts with ~'-F•4N aT'• in pT'o­

g~ess. Neve~theless, it is clea~ that the epsilon phase is rela­

tively stabl• at t•mp•T'atuT'es b•low 400°C. 
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3. FUTURE RESEARCH 

R••••~ch in the next 3 month pe~iod will emphasize high•~ CO 

<7SX CO and/o~ SOX CO) concent~ations du~ing svnthesis ~•actions. 

Stabilitv of the nitride phases will be compa~ed to iron ~••c-

tivitv unde~ these conditions. Constant velocitv M~•sbaue~ ana-

lv••• will cha~acterize the bulk ~•activitv of nit~ide phases in 

less hvd~ogen rich atmospheres. Steadv state kinetic behavior 

analvsis coupled with computer fitting of M~ssbeue~ spectra will 

aid in •h• identifi,ation of nit~ogen movement in the cetalvst. 

In the transient apparatus.the kinetic denitriding behavior 

o, t-r•~N will be established. The initial and st•ad~ stat• 

behavio~ of all the phases during Fischer- Tropsch will be 

fu~ther established and efforts will be made to alter this 

behavio~ bV pretreatments of the nitrided catalvst. 

BEt.ERENCEB 

1. Ande1"son, R. B., Cat. Rev. - Sci. Eng. il.• 53 <1980). 

;, Anderson. R. B., Adv. Catal. ~ 355 ( 1953). 

3. Oainb~ett, "'· w. end Anvil, B. R. U.S. Patent 4272451, '-'une 9, 
1981. 

4. Anvi 1, B. R. end Penq,uite, c. R. I u.s. Patent 4272452, '-'une 9, 
1981. 

5. o~unze, M. I Bozso, F.' Ertl, 0. and Wei••· "·' Appl. Surf. 
Be i . 1• 241 < 1978 > . 

6. O•v• I.D.,M. Texto~, R.Mason andY. Iwasawa. Proc. Rov. Soc. 
<London), A~, 25 <1977>. 

7. Drechsle~, M., Hoink••• H., Kea~mann ,H., Wilch, H., Ertl. 
0. and Weiss, M.' Appl. Su~. Sci. I a. 217 (1979). 



26 

B. E"tl, Q., Huber, M. and Thiele, N., Z. Naturforsch, 3,! A, 30 
( 1979). 

9. Ooodeve, C. and J•ck, K.H. Disc. Faradav Soc., !• B2 C194B). 

10. Jack, K.H, Proc. Rov. Soc. <London), ~· 41 C194B>. 

11. Engelha~dt, Q. and Wagn•r• C., Z. Phvs. Chem. Bli• 369 
(1932). 

12. U.S. Department of Energv Guarterlv Technical Prog~•s• 
R•port, DO/PC80804-~. 

13. Yeh. E .• Jaggi. N.K. I Butt. J.B. and s~artz, L.H .• Csubmit­
t•d ). 

14. Ande~son, R.B., Schultz,. T.F., Seligman, B., Hall, W.K. and 
Sto~ch, H, J. Am. Chem. Sac., Zi• 350~ <1950). 

15. Barghard. W.Q. and Bennett, C.O., Ind. Eng. Chem .• Prod. 
Res. Dev. .lll<l>• 1§. C12Z!.L 

16. Furrano, D., Rosso, M., Principi, Q. and Frattini, R., I. 
Mat. Sc. , ll• 1 773 c 1982 > • 

17. DeCristofaro. N. arld Kaplow, R., Met. Trans. A., lA, 425 
( 1977). 

-1:l U.S. GOVERNMENT PRINTING OFFICE 1984-746..081/2528 




