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A.~i STRAC'J 

The s~-ead,A s+a~e FischeT---T~op.~ch behav ioT"  ove~ t h e  i ' r b n  

h i , r i d e s  at 5.~3 and 458 K ~a~ compared ~o the k i n e t i c s  ove~ i~on 

ai: ~ imi l~"  coT~dit~c,r,.=.. At 523 I<.. 3/1 F!~ICO at ~,tmo~pheT.ic pre~- 

:-Line.. the ~ and .i" n i t ' r i de~  give higheT • o]e.~'i~ to  pal'a~'~in T'atio~ 

a'nd CO~ a c t i v i t i e s  than it.on and the ~L ~" ni tT. ide. At 458 K the 

high ole.~in to pa~.a£~In y ie ld  o~ the higher" nit~.~des is  p~ese~ved 

ag:ter an induct'~on period. Deta i led Mossba.ue~. analBsis o~ the 

ca te lgs ts  used at 45~ K sho,,ed < 20% incorpora t ion  o~ carbon and 

a l lo~  stT.ucturml in~e,~pweta~.:ion o~ cm~bon m~vemen~ in to ,  and 

n i t rogen ~emoval F'r-om., th~ n i t ' r i de  l a t t i c e .  Guan t i t a t i ve  

analg$i~ o~" the NH Ik. ~;r, ecie:~ leaving a ~'re~h nit.ida ~ur-~ace . 

a~'te;, a _=.mltch to B;? gield.s. NH am the average composition o~ the 

su~'~ace n i t rogen-con ta in ing  species. 



L. OBJECT I VE~ £~.N~-;. ~C:L[~?{.: 

1. I BACKGROUN~.I 

The 1:ea~ibiii+..g of" u't:ili:zir~g ~,,j1,Ehe~:i~ ga~. <CO + H~> via the 

Fischer--Tropsch T.~actinr, patht~a.~ ?c~ the product~orf o~ ~uels and 

chemical~_ is  meil ~s't~bli,_--hed. The SaSOL ventuT.es, ~or example~ 

take advantage oF ~bunda~,t c~al r'e~.ource~. to produce both desir- 

able sgnthetic autc~metive fuel~, and basic chemical Feedstocks. 

The app l icab i l i t .4  c~F "these chemical transformations is nonethe- 

less l imi ted.  Th~.~ p~'e~.ent procedure requires extensive process- 

i~g iF the p r o d u c t i ~  oF non--es~.ential bgproducts is to be 

avoided. The discove~'g and ~.ub~:.~,q~,~.t,t usage o~ ~mproved 

catalgst~, would the~'e?~re be advantageous. 

Experimen'tal results published in the c u r r e n t  literature 

~how that nitrogen affects the performance o? iron catalgsts- 

ca'talgsts which ~ind 10idesp'read use in the Fischer.-Tropsch syn- 

thesis route. P ren i t r i d i ng  or the i ron cata lgst  has been 

~epo~ted to s h i f t  the product d i s t r i b u t i o n  to one exh ib i t i ng  

lower molecular weight ~ractions and enhanced alcohol g ie lds 

¢i~2). On the other hand, simultaneous ~ntT.oduction o~ ammonia 

(NH 3) with sgnthe~i~ ga~ produce~ nitroge;~eou~ compound~. Fur th-  

ermore~ and probablg o~ greater importance, th is  add i t ion o~ 

ammonia eFPects a ~eduction in the overa l l  chain length oF com- 

pounds in the product spectrum (3). I t  is o~ considerable 

~nterest, there~ore~ to studg these and other cha rac te r i s t i cs  o~ 

n ih ' ided iT-on catalgst~ in o~de'r to gain a basic understanding oP 



the~ bEhavio~o Discoverg ,~F the ne~, psth~ags inFischer-Tropsch 

sgnthe~is a~?o~ded bg nit°rogen ~i.l] add to the Fundamental 

kn~ledge ~om ~h~ch ~utu~'e sgnthesis-catal~sts can be derived. 

:~E~ 1 .2  OBJECT TM --~ 

The scope o~ the p~og~am mat be b~,o~en down into %~o main 

aweas oF conce~'n. F i ~ t l g ,  conside~.ation must be given to the 

• role o~ the sur?ace nitrogen in 

i. alte~in~ the p~.oduct dis%~-ibut~on and 

ii. stabilizing catalgst activitg 

oF ~he sgnthesis reaction~. '1__nTsitu Mossbauer studies identieg 

the va~iou~ i'ro~ n~t~ide phases and mllo~ Fo~" ex~mine%ioh o~ 

t h ~  s~abi ] i tg during ~eaction. 7he Mo~sbaue~ ~esults Fo~m the 

basis ~o~ detai led ~inetic t~ace~ expe~im÷nts involving ~ans ien t  

and isotope label ing analgses. Ultrahigh vacuu~ ~ usin~ SIMS 

and A~S ~ i l l  supplement %he Mossbaue~ and k inet ic  characte~iza- 

tions. 

The second a~ea o~ conside~mtion ~ i l l  involve the k inet ic  

an~ t a r a ! g r i t  e~ects  observed during the addit ion o~ ammonia to 

%he sgnthesis gas stream. T~ansien% work ~ i l l  be ideal ~o~ 

observing i n i t i a l  activi%g changes occur-~-ing a~ a resu l t  o~ NH 3 

pulses. A~on~ ~i th ul t rahigh vacuum studies, the tTan~ient 

ki1~%ic~ c,? NH 3 addition, will help clari~g ~hich steadg state 

exps~imen%s ~ou~d be most productive. The various analgticml 

methods ~ i l i  de~ine interact ions be%wean surface and buik 
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nitrr.,gen, i~~d i.h.~~, ~,ole it, e~?ecting ne~ T.eaction path~ags. 

The prima~.g e:~.periments ~hich def ine ou~ rc, ute to under- 

~..tanding ~hich parameter_~ . i~ luet ,  ce the se lec t iv~ tg  and a l t e r  the 

a c t i v i t g  o~ s.~thesi~. ~eact~r, ns :nag, theT.ePore, be out l ined as 

i .  Hossbauer and simultaneous k i n e t i c s  o~ pT.enitrided i ron 

cata lg~ts w i l l  be used to deter'mine n i t r i d e  phase s ta -  

b~ l i t g  and to co r re la te  these phases to reac t ion  selec-  

r i v ing .  Ti~e i n i t i a l  pressure uP one atmosphere mag 

l a t e r  b~ ~ n ~ r e a s e d .  

i i .  Simila'r'. a'r,.=-~l,.Isi:=: of" th,-. eg"1"ect~, o9" ~dciition oi:" NH 3 to 

the r-eart~nt stream wil-1 be perPorme~. 

i i i .  TT.ansient analgsis and isotope t~acer studies o~ sgn- 

the~is react ion~ over p ren i t r i ded  ca ta lgs ts  w i l l  de te r -  

mine su1,?ace n i t r i d e  s t a b i l i t g .  The stoichiometrg at  

the surface and in f luence o~ n i t r i d i n g  on CO d issoc ia -  

t i on  ,~,ill be sought. 

iv. Ultl-ahigh vacuum anaigsis u i l l  examine surface 

stoichiometrg and weactior, intermediates. I n t e r a c t i o n  

between the ni t r . ided phases and adsorpt ion bond 

stre~',gth~ o~" CO .~'nd H 2 ,i, i l l  be inves t iga ted.  

The e~~'e_-.tz, o~" ~H 3 ;~dditioT, to  the reactant  stream w i l l  

be simi]aT.l,.j ~ollo~,ed bg UHV and trar,.~.ient t race r  s tu -  

dies to determinE- possible alteT.at ions in reac t ion  
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path,~,a,~, in'.~oked bg the pt-e~.ev~_e oi:" NH 3 . 

Comp~.~te~ ~.ode]ing u i l l  be under.taken to aid in quanti tatsve 

in te rpre ta t ion  o~" t~'an.sient data. 

z_,. TECHNI'CAL .P R__D C..',..R ES.~ 

R. I Su~arg oF Results 

Research during th is  period oF studg has.concentrated on 

steady state k~netics ove~ the n i t r i des  at 5~3 and 458 K and the 

pha~e ~changes at 458 K as monitored bg Mossbauer Spect~oscopg. 
L 

In addit ion, the dedomposition o? a ~-Fe~N t~itt.i¢le i~ ~ was 

analgzed in an eeFo~t ~o i d e n t i ~  a p a ~ i a l l g  hgdwogenated suw-. 

~ace specie~ that might ex ist  duritlg n i t r i d i n g  in NH3. 

The ~-Fe~N decompomition in deuterium experiment i~deed " 

revealed the existence o~ p~wtial ]g hgd~ogena~ed surface N 

~pecie~. Integratiot~ o~ the par t~a l lg  hgdT-ogenated NHx~3_ × 

molecules accounted f'or one monolage~'s ~orth oF hgdrogen sug- 

gesting NH as the average composition o~ ~ the surface species. 

Additionallg0 i t  ~as demonstrated in th i s  expe~eng that c o n t r i -  

butions oF Fragmentations to the mass abundance data can be sub- 

tracted out ~i th computational ~ethods and ~ragm~ntation tables. 

Sgeadg stat~ k inet ic  behavio~ ove~ the separate n~t~des at 

5R3 K i~ ~ I i  H~/CO at atmospheric pressure did hot reveal ~ta~- 

Cling differences between the n i t r i d e s  and i~on. In the case o~ 

~-Fe4N~ a c t i v i t g  and ~ e l ~ c t i v i t g  ~a~ not mea~urablg di??erent 

tha~ that over i~ot, a?te~ eight hours o? ~gnthesi~. The ~-Fe 
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ar, d ..~-Fe.DN cata!gst:'s., l',o,l, ever', pT.oduced ,,c,~-e olef'ins, methane and 

CO~/ at: .=, me, a_~L,r..'-ably highe',-' ..~ctivitg th~n E--Fe. The data ?T'Om the 

? i r s t  ~e~ hou~'~ o9 sgnthesis sho~ed s i g n i f i c a n t  diFFerences 

betmeen a l l  catalgsts. 

The FT k ine t ic  behavior' eor the n i t r i d e s  at 458 K also 

sho~ed highe~ ole~in to para~ein ~atios For the n i t r i d e s  versus 

i ron aeter an i n i t i a l  induct ion period. This induct ion period 

over the n i t ,  ides ~as characterized bg extremelg lo~ a c t i v i t g  

<C:O~ im the o~,lg m:igni{'icant product> and the p~.oduction oe a 

n i t rogen-conta in ing organic species not get i den t i f i ed .  

The Fi t ted MossbaueT' spectra at th is  temperature ~eFlect 

subs tan t ia l lg  less ni t rogen lose. than in p~evious experiments at 

higher temperature. Carbon in neighbors to i ron cont r ibute less 

than 20% o~ the spectral  area a?ter an hour oF sgnthesis, and 

progressively less carbon is incorporated in to  the higher N con- 

t a i n i ng  ~itride.~:. The ideT,ti~' ication o? ¢.-II ~,1,d e - I l l  carboni-  

t r i d e  s i tes mas part o~ the development oF th i s  analgsis. 

~.~.' ~-Fe~N DecompomitioT, 

In our las t  report. (4), we presented the resu l t s  oF a t r an -  

s ient  expeT.iment oT, ~2-.Fes.!N denitr.idi1'tg in deute1.~um at 250 ° C. 

The resu l t i ng  tT-mnsient production oF p a r t i a l l g  deuterated 

ammoT,ia species dur.in9 the I)~ F, ulse qave i l ,d i ca t ion  of" a surf'ace 

NH _~peciem th.~,t ~'or.med ~.'rc, m the decompom.ition o? ammonia during 
.~< 

n i t rzd in9 .  FuT-the~ an~lg=.is o~ th i s  experiment is  depicted in 

~igure 1, in ~h~ch the signal/mass overlap o~ d i f f e r e n t  species 
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-i 

hasbeen subtracted out to gield the true species shoun,~ /Exmmi- 

nat ion d e . t h i s  Figure indeed discloses the existence o~ p a ~ t i a ! I g  

deuter.ated ammonia ~pecie~ iT, the D~, pul~e. 

In order to arrive at the r e s u l t s  in FigUre 1, ~ragmentation 

table~w~s developed ?romNH 3 caiibr~tioT, d~ta. The calibratio~ 

was made immediatelg a?ter the B 2 e×perime~ito F'o~ m masses and n 

species, the experimental data (DAT~, Masses vs. time) and %he 

Fragmentation d~ta (F:RAg~ Mass vs. species) cals be combined %0 

gie ld  the deconvoluted' species r e s u l t s  (DECONV, 

~n matrix algebra te~ms, 

FRAg DECONV = DATA 

< 
species vS mass) .  

mxn nxt mxt 

BECONV :.= <FRAI3TFI;.'.AG>"'IFRAGI'DATA • ' 

nxt nxm mxn nxm mxt 

mhere the superscript "T" re~ers %o %~anspose~-and the supeT.- 

script "-I" r e f e r s  to the inverse. The extensive mmt~i~ algebra 

was readilg done bg computer. 
S 

Interestinglg, the First production oF ammonia is in ~he. 

?orm oF" NH 3, ,~hi,:h is surpT-isirt9 consideT'ing that no gas •phase 

hgdrogen is present. This phenomenon is undoubtedlg dueto 

extremelg rapid H/D exrhange in the ammonia moiecu!e as it 

prog~e_~-es do,i,r, 'the catalg~st bed. Specif'icallg~ the D 2 ,~ave~'7-ont 

arrives et the ~ront o~ the bed, and a deuteT.ated ammonia 

molecule is produced bu reaction at the ca%algst surface. At the 

wave?r.ont., the oaa~ ph.~:-.e D.., concentration is lo~u aT, d is there?oT.e 

Z 
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Figure l Deniitriding of a ¢-Fe~N catalyst in D~ at 523 K. The 
catalyst was prepared=In pure NH 3 at =623 K, followed 
by the argon purge at 523 K. 
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completelu con~.~.~,.~ed b~ reac t ion  An ammonia molecule, the re fo re :  

• t~.avels in a p~.,re argon ga~. pha-~e ~ i th  man~ opportuni t ies to 

~et,J~ %o the catal,,~ ~ur÷'~ce and H/D exchange~ u~ith NH× species~ 

thus pT.oducirfg NH 3 at the e~'~'].ueT, t 09 the T.eact¢,~. As time moves 

on., the D~ ?r-ont moQes down the bed and cor.r.es;.~,ondin~Ig a p~o- 

gressivelg higher D/H T-a%io ex is ts  at. the suT-.Face~ t.SUS.pT'~ducing 

some NH..__, D mole,",Jles '~.l',at c..~n .--.uT-vive to the e1,c! o~:" the bed. 

This ser.ies o~ incweesinglg deute~at.ed stoichi0me%~'ies is seen in 

~igure I, where the NH e s.pike is ?ollo,JJec! bg a NH2D spike, then 

NHD~, ar,,d ~:'inal],.~ NDZ.. cor.r~.z~pondin9 to the changing D/H ~'atio 

alon~ the cat.aigst bed. Another example oF this "plug ~Io~ ~-eer- 

toT-" phenomenon~ ~heTe the len.gth o~ the bed pla~s a ~ole in the 

k ine t i cs  and e~Fluen¢ composition, is  the t~ans ient  step Change 

o9" a CO/H~_ mixture i n to  pure H~ over a ~.educed i ron  ca ta Igs t  (5>. 

CO is adsorbed alsng the ~ave~on%. and %he leading edge .is ~ich 

in Ho~ thus pT'oducir, g .-~ spike o9" CH 4 see~', it, the e~'9"luent. The 

same e~ewiment performed over an i~on ni~ide (5)~ ho~eve~ p r o -  

duces r,o ~pike o~:" CH 4 undoubtedlg due to blockage o~" surface 

species seer, in the D~ pulse expe~-iment s i t e s  bL-4 the same NH%~ 

I n teg ra t i on  oe the p a r t i a l l g  deut.eTated species up to %he 

s~ i tch  to H2 in ~:'igure I ,~ i l l  g i e l d  the _~.toichometrg <value o~" ×) 

in  NH>. In thi.-~ calcul~,t ior,  NHD 2 ,,,as ex t rapo la ted  be uond the 

step to  H2 and c o r r : e c t i o ~  ,i, ere made +"or. the H~ impur i tg  in  the 

D~_ (0.7:~.~ and al:~o the NH..,.~, background in the ma-_-.:-; spectrometer. 

A value oF I_+O. 5 monolager.s ~c,~th oF h~jd~ogen ~as-evo!ved in the 

?,-,rm o~" the am,~,,_-,nia specie.--.: du~ing the D~ pul~e, thu~ tentativelg 
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designat ing the sur~@ce sp. ecies as NH. 

The~e is  considerable uncer ta in tg  in the i n teg ra t i on ,  how- 

ever, and the surface need not contain a s ing le  species but could 

have mo~e than o~e ~ i th  an average concent ra t ion o~ NH. This 

~esu l t  agrees ~e l l  wi th detect ion o~ NH species in ammonia decom- 

pos i t i on  bg Brechsler (6) and gwunze (7),  and ki;~etic isotope 

measurements bg Oz~ki (8). 

2. I. 2 Steadg State Fische__r:.-T_~r~h Reactio.n_ o_v.er, th__ee l~o___.~n 

Ni trides 

I t  is  cleat bhat the ava i lab le  data on the k i ne t i c s  o~ the 

F ischer -  Tropsch reac t ion  over the i l , on n i t r i d e s  is  scant (1,9) .  

In add i t i on  the ava i lab le  data is not consistent .  Anderson 

~epowts a sh i~t  to Io~er molecular weight p~oducts and highe~ 

a c t i v i t g  oveT. pTomoted e-Fe N n i t r i d e  at ~.8 ~tm iI~ sgnthesis × 

gas~ whereas recent studies at No~thwesteT.n (9) show a sh i~ t  to 

highe~ molecular weight p'roducts and comparable a c t i v i t y  at  7 .8  

arm and lower a c t i v i t g  @t I atm over an e-FerN c a t a l g s t .  In an 

e ~ o r t  to clawing some o~ these issues~ steady state data was 

taken ~ow 12 hrs over each o~ the n i t ~ i d e  phases separately.  The 

cond i t i ons  were held at 1 arm pT, emsul.e, 3 / I  H~/CO at ~50°C w i th  a 

Flo~ ra te  o~ 50 ml/min over app~oximatelg ~00 mg oF c a t a l y s t  p~e- 

cu~sow~ thus ~ ie ld ing  u CO conversion oF I - 10% to p~oducts. 

Figure 2 displags the a c t i v i t g  ~esu l ts  ~e~e~enced to the 

~u1"Face area oF reduced Fe <4.3m-/g) as ~ound by ~ET.  I n t e r e s t -  

ing ly ,  the i n i t i a l  a c t i v i t g  is  high Fo~ a l l  three n i t ,  ides, 
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8. E~ 

FT ACTIVITY TO HYDROCARBONS 

• • ." 
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T i ME (M i NUTES) 

Figure 2 Fischer-Tropsch activity to C~ - C~ hydrocarbons over 
iron and the nitrides. Reaction was at atmospherlc 
pressure in 3/I H2/CO at 523 K. 

z 



I Reproduced from I 
bes t  ava i l ab le  copy  

12 

ind icat ing t h ~  ~he ~ni÷.ial state ~F the n i t~ ide  is mo~e act ive 
s 

than Fe metal. ~r~ k i n ~ i c  data l i s t ed  in a previous repor t  (10), 

the ~ i r s t  point ~a~ Io~, zn contrast to the resu l ts  here. This 

seeminglg contrat l ictorg ~e~ult can be c l a r i f i e d  bg examining mass 

spectwometz.ic data ~or the Fi'rst ~e~ min¢~tes oF sgnthesis. These 

resu l ts  shou that th~ hgdrocarbon p~.oduction bui lds to a maximum 

onlg a f te r  the ~emoval oF s~JPFace ni trogen species, le the ei~st  

sample ~as taken dt~ring th is  short period o~ ni trogen removal, 

the ~esult ing FT a c t i v i t 9  uould indeed be Iou. The length oF 

th is  period is p~obabl~; a~ected bg conversion level  and reacto~ 

design (CSTR or" PFR)~ but in ang case m~n~ changes occur during 

the F i rs t  minute~ o~ sgnth~sis. 

In addi t lon,  hgd~,oca'rbon se lec ' t i v i tg  ove~ the n i t r i d e s  i n d i -  

catez that the surface is ~omewhat hydrogen de f i c i en t  during the 

F i r s t  minutes oF sgnthesis. The oleFin/para~Fin ~at io  at 4 

minLttes is higher than at 40 minutes, in spi te oF the Fact that 

the conversion has decT.eased. The products are ~ubstantia11~ 

methaT~e pooT., ea:peciallg ~c,r ,) -F=4N This behavior, i~ perhaps 

ind ica t i ve  o~ a competit ion between carbon and ni t rogen hgdroge- 

nation. I t  must be noted, houever, that  the a c t i v i t g  ~or these 

nitT.ides is high, even though the data ind icate that  surface 

hgdrogen concentration is Iou. 

As Figure 2 shows, a f t e r  e ight  hours oF synthesis at these 

condit ions, a c t i v i t 9  F~)r a l l  the catalgsts reaches an essent ia l lg  

steadg state. The pos i t ion oF a secondarg maximum in a c t i v i t g  

iT~,zT.ea~e~ in tim~, £c,'r. Fe~ ~'-Fe4N.. a~d ~-Fe2.;=N ~.e~pectivelg, 
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cor';-esponding to an incT-ease in nitT-ogen content. A maximum ~ow 

~-Fe2N ma~ e×i~t,  bu~ d.~ta in the 360-540 minute range i~ ~ot get 

avai lable Pot th is  catelgst. 

Table i i ~ t s  ~he a c t i v i t g  and s e l e c t i v i t g  ?esults ~o? a l l  

cataly~t~ a~ter appro>::~matelg I ~  hour~. The TON (CO~ ~e~ )  

values re~!ect the ac~iv i tg ~esults at the I~ h~ point in. ~ u ~ e  

2 .  OlePin/pa~'aP~in comparisons must be tempered bg the t o t a l  

conversion level~ high conve~ion Io~e~'s the olePinZpa~aP~in 

~atio. Also+ t~e se lect i 'v i tg  wesults ~e~ec t  to ta l  CO conve~sien 

~ i th  CO 2 included, the~e£ore the r e l a t i v e  select~vitg beteeen 

h~drocarbons s i l l  seemi'nglg be le~s pronounced £o~'high CO~ 

-" e-Fe 2 conver~lo~ (~,3te the  ~N r esu l t s ) .  

The majoT- overal l  conclusion PT'om Tab3e I is  that the 

behavior o~ the steadg state catalgsts a~e la~gelg the  Same. The. 

a c t i v i t g  of" the e--Fe2.~N aT, d ,~-Fe.:.,N catal,2st~ =~?e ?e~pectively ~ 

and 1.6 time_=. ~---. much a~ that of" Fe and ~-Fe4N., which suggests a 

s ign i f i can t  advantage Po~ the high nitrogen-co;s~aining catalysts.  

Oghew obseT-vagions that can b~ made ~om Table 1: 

<Ib Fe and "~'-Fe4N do not have ~igni?ica~t di??e~ences 

in a c t i v i t g  ow ~e lec t i v i tg  aPteT, t~e!ve.hou~s oF sgn- 

thesis. 

(2 )  The a-.F+ 2 ?N and ,~-Fe2N c a t a l g ~ b s  produce more 

methane and c o r . r e s p o n d i n g l y  l e s s  C~ hydt-ocarbon~ than  Fe 

or  ~'-F¢.4N; r e l a t i v e  ~ e l e c t i v i t g  t o  the  C 3 and h i g h e r  

h~d~oca#bonsdoes not appeaT- to be s ig~iPicant l~ 
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TABLE l 

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

Fe y "- Fe4N e - Fe2.7 N ;-Fe2N 

Total Conversion % 1.2 1.2 3.2 2.0 

TON* I0.2 9.6 22.6 16.4 

TON (CO 2 free) 8.4 7.7 16.6 14.0 

% cO conversion to products 

CO 2 • 17.6 

CH 4 

C 2 

C 3 

C 4 

20.0 26.7 14.8 

33.2 32.3 35.1 39.1 

22.0 20.I 15.3 18.0 

17.7 14.6 14.1 16.5 

8.8 7.4 6.4 8.8 

Oel f i  n/paraffin ratio 

C 2 

C 3 

C 4 

1.03 l.Ol 0.49 0.99 

5.19 4.92 3.66 7.21 

3.22 2.22 1.75 2.93 

* TON = turnover number = CO molecules converted/site sec includes 
al l  hydrocarbons to C 5 
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a~ected.  

(3) The tu~-n over "number ~o COp is increased ova# the e 

and ~ cat:alg~ts compared to Fe a n d ~ ' .  

44) The ole?in/pa~.a??i~ r a t i o  i~ enhaT,ced ~lOr• ~,Fe~N .fo~" 

a l l  caT'bon C P ' | a i r |  l l~.ngth~; a~ compared tc, Fe and •~/¢-Fe4N, 

even conside~-ing the high. conversion level in. the 

g'-~,itrid,-z.. The ~'.at. io f~o'.r e-FeD.pN i~ too ~tT-ong!g 

a F P e c t e d ' b g  the high conve~.sion ~evel  ~ v e ~ . ~ h i s • C a t a l g s t  

to be c.omparable. • 

: These co~clusions a~-e ~nag~-ee~ent with some m~? tho~e liste~ 

b~ the Northwestern group (9),  namel~ hiBhe~ ~leein/pa~•aeein 
ra t io  a~d hiAheT-CO~ production over  an o~ ~-F¢-~N catalg~t.  N~ 

h a v e  ~ound~ ho~ever,  t h a i  the ac t~v i . tg  i s  somewhat h ighe~Fo~-  ~h~ 

high-nitrogen coT~tainin~ catal~s~s~ although ~he difference ~s 

not substantial. 

~.4 Kinetic Behavior m~ 45~ K 

Kinetics rep~esengative oe the single phase nii~ides a~e 

obtained by ?ol loe| i~  CO hgdrogenation iI~ 3H~/CO, 458 K, and a 

total  gas F!o~ ~.ate oF 50 ml/min, measured at ambient condi~ion~. 

The chromatographic mnaigsis compares catalgst pe~ormanc~ on ~he 

bmsi~ o? CO conversion to CO~ and C 1 thT.ough C 5 |~yd~otarbon~. 

Mola~ se le~ t i v i t i es  ate normalized to the tota l  molar-p~oduc~iOn. 

Due to ~mall cc, nceT,trations o? C 4 hgdT.ocaT'b,o;,~, th~ C 4 o•lefin to 

paraS?in  ra~io ~s not included. No alcohol p~oduction ~as 
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d~-tect=-.d .=~'r~d ~h~: io~.~,"--r, m,~.'P.h.~'r.'Ji COTmCeTmtT'.=-d, i o n  l i m i t  i n  3 H 9 / C 0  i ~  

~!xlu ,.~ ]'z~ble ~..+ 9.+ive~; the kin~.'hic ~-e~ult~. ?or the F ischer -  

The ? i r s t  [~'C sample at I0 minutes ¢. 17 hr) a~ter  the switch 

to sgnthesis ga.~ ~ndicates ~, dif~PeT-ence in k i ne t i c  behavior 

between the nJtride.~, and : i ron .  O v e r  the i ron  ca ta lgs t ,  more than 

~"3% o~ the produ~t~, at+, h~drocarbons. No, hgdrc, carbon product ion 

is  detected o:,'e~ ~ ang oP the n i t r i d e ~  catalgsts~ and the carbon 

mor,,z0xide , - o n v e r ~ . i o n ,  ::<CO' i.=. d e r i v ~ d  ~r.om the., Bc, udou-~rd  and wateT. 

gas s h i f t  ~.ea,'i~.~ons. A signi~:icat~t.~ u n i d e n t i f i e d  broad peak wi th  

an approximate "ret.ention t~me of ~ 11. 5 minutes is, however~ 

~resent in the n i t r i d e  chr~<mato.~rams. This peak is  absent ~rom 

analgses aPter the O. 17 h'r .in~:ection. I t  i s  unl~kelg tha t  

ammonia, ~hich has a 10 minute r e t e n t i o n  time in the ser ies Po~a- 

pak q and Po~ap.~k R cc, lumn., is  so le lg  responsib le Pot t h i s  peak. 

The presence o{: other n i t rogen conta in ing gas.~es is  suspected. 

The percentage C0 conversion e x h i b i t s  a trends 1owe~ conver- 

sions occur wi th  i n ~ e ~ i n g  ~tr-og-en- con.te11-t,- ~r~m- ~. I-1G~.- over 

i ron  to  0.066.% ~ ove~ ~.~-Fe2N. T~i~o e.~<planation~, could account ?or 

th is .  The d i ssoc ia t i on  o~ carbon monoxide could evoke a dual 

react ion"  <1) carbon incorpoT:ation i n to  the bulk and (~) sub- 

,ace carbon deposi t ion. An hgdrogenation path,,ag is  minimal at 

I00~( CO 2 ~e lec t i v i t g+  As carbon di?~'usion i~ ~.lowe~ in denser 

n i t r i d e  phases~ a decre~:se in the ~ i r s t  reac t i on  could Iowe~ the 

overa l l  ra te  c,P CO d issoc ia t ion .  However, iP th~ Pormation o~ 

~ur~ace carbon is not ra te  l imited+ i .e .  a t ru~ compet i t ion 
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exists between the t~o path~ags, th is  e~planation is inadequate. 

The CO would dissociate at the same rate~ and more surface carbon 

would accumulate. A ~r~ace nitrogen competition e f fec t  is more 

l i ke lg  to occur i~ nitrogen and carbon d issoc ia t ion (recombina- 

t ion)  s i tes are equivalent. As higher bulk nitrogen compositions 

should correspond to large;', surface N concentrations under 

equi l ibr ium conditioT,~, the ca ta lg t i c  ~i te~ on ~-Fe~N ~hould 

e×peT.ience a ~r-e.~ter. pro×imitg o? N than u,ould those, o? ~-Fe4N. 

In a competition between CO dissoc iat ion and N removal, an 

in~:reased nitrogen content should retard the react ion o~ CO and 

reduce the H a v a i i a b i l i t g .  At suFFicientlg low ni trogen removal 

rates~ N di~Fu~aon ~rom the bulk to the surface would be su~Fi- 

cie¢~tlg rapid tc~ prevent immediate deplet ion oP surface N. 

The second and th i rd  react ion measurement points, are 

characterized bg increasing hgdrocarbon production over the 

n i t r i des .  The lack oF an un ident i f ied  nitrogen compound peak 

implies that  CO hgdrogenation has slowed the N removal rate. 

Although react ion over the e -~ i t r i de  wa~ temporal.Jig ir~terrupted 

bg a s t a b i l i t g  problem with the gC, and the break in react ion 

cont inu i tg  probablg affected the cata lgst ,  the level o~ CO 

conversion is comparable between a l l  Four phases at the second 

i n j ec t i on  and between the n i t r i d e s  at the th i rd .  The s e l e c t i v i -  

tzes oF the n i t r i d e s ,  barring ethglene and propglene, aFte~ 1.3 

hours ere quite simila~ to the iron s e l e c t i v i t g  aFte~ 0.75 hours. 

An induction period over the n i t r i d e s  mag exist~ one in which 

hgdrocarbon production s ta r ts  a f te r  a decrease in the rate oF N 
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i ̧  

T.e~ovai. 

• The remaz~ir,0 di~.~'erence between the i ron and n i ~ i d e s  is  i n  

the oleOiT, to par.~£iT, rai;io~. The meaT, C~=./C, aT, d C3=/C ~at io~ 
" 2 2 3 

ove~ iT'OT, ar'e -'2.8 a'r,d 5 . 0 :  r . e s p e c t i v e l g ,  T a b l e  ~! shote~ C ~ a ~ d  C 3 

~ e l e c t i v i t i e s  to  oiePin.~, a re  h i g h e r  For  t h e  n ~ t r J d e 5 ,  e m p e c i a ! l ~ "  

"(i'.'- a~d ~:- r, itT'Jde. The ir,zT-e..~se is r, ot as--~icj~i£icaT~t o,~e~ the 

~j-nitr-ide av, d mag be due ~o the iT:teT-T'UptiOT~ i~ kinetic analgsi$. 

The etbglene to e~h~ne w~tio, p ~ ' t i c u l a r ! g ,  is at least ~!ce as 

high ove.~' the nltridee. ~,he~ compa;-ed to the iron.. I~ ole~in 

selec%ivitg is i~dic~tive ~ "la'r.ge suT~ace ca'rb'on pools~ "o~ a Io~ 

h~dT-e,_4e~ tc, cai.bor., ~ .~ t io  ~r,, t h~  ~'.u~ Face, t h i s  ~.rend i s  e x p l a i n e d  

a~ the e~ect o~: i#it~al compe$i'tler~ between surface N-H and C-H 

~'eaction~ on the subseqL, errt surface CIH ~atio. L~em hgdro~en 

a v a i l a b i l i t ~  ~o~.~Id .increasF., hgdrocaT-bon unsatu'ration. 

llarT-ing t h e  i n i t i a l  behavior' when the n i t , i d a  ca ta lgs ts  a~e 

~iT.~t expo!~ed to ~.gr~the!:i'...--. ga~., and the higher- r:~=/C~ ra t io~  the 

T, itride sLw.~ace.~ behave simila'rlg to t;he iron sur£ace. Although 

i% is incomT.ec~ t o  e~b~apo-la'te kinetic selec~ivities to higher 

tempe#atu~es~ i t  i_~ nonetheless i~te~est ing to note t h a t  Anderson 

and cowor~e~s ~'.eported enhanced c, leFin p~oduct~on bg p~omote~, 

~used i~on nits, ides (2). 

;2. 5 Phas___.__~.~ ~e~ay_.io~_L a_2- 45B ~ 

The bu~ c ~ t ~ l ~ t  phases are chaT.acteri~ed bg Mossbauer 

spectT-oscopg both be-~oT'e aT~d ab'tev ~gnthesis react ion,  The room 

~.emperatu~e s~ect~:a ~ ind icate the s t a b i l i t g  o~ the cata lgst .  T h i s  
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ana i~s i s  te-~.t~ -~.he ci:~im t h a t  the p~eceding k i n e t i c  r e s u l t s  are 

i n d i c a t z v e  o~ ~he ~nd:,,,'id~al ~ta~-~:.-.ing bulk pk, a.~.es. 

The T.oom hs-,~.,;~eratuT.o Ho=-..~.~.baue~ ' spect~-a oF the Fresh and 

~pent i r o n  cata l .q~t  ar~ p~.e~.ented in Fig~.,T.e 3. Jhe Mossbauer 

~a~.amete~'-~ of tl',e compute~" ~it_~ ar~, given ~.n Table 3. The s t a r t -  

ir,,:_~ cat.--Jlg~-:b t:=.: ,F..,s~.~.e~tig]:[,J ~:.du,:'.~.d c~.-F.e u.,ho~e .'-..ix p e a k ~  c a n  be  

?i't ' ted to  3:~: l" i:~:~3 ir, t e n s i t 4  and eRua], w id th  c o n s t r a i n t s .  

U n c o ' n ~ t r . a l n e d  Fiti: i~q., howeve'r~ shows g r e a t e r  than expected 

_~pectT-ai ar~a ~~ ~!,e t~.,r., inne',";r,o~.~: peaks, "~his. asgmmetrg i s  

a t t~- ibuted to ~'~ e:~:~.de - o~., -,.~hich ~e~si.=.t- ~ a f t e r  ?our hours o~ 
i 

r e d u c t i o n  at  6?3 K. Th i¢ . . i s  mor~ l i k e i g  tf, be ~m unreduced 

spe~.'ies, T.athe~" t:haT~ a ~-.eu'~idized ~ur~ace specie.~ because 

Hossbaue.~ _=.pect'ra o÷ o~] T-~.du~:ed wa~ew~ were taken in  p o s i t i v e  

The spec t ra  oF th: is i,~on catalg_~t~ ~te~"  Po r t g -~ i ve  minutes 

oF sgnthesi~;. (F~gure 3b),  can be ~ i t t e d  w i t h  two d i f f e r e n t  s t r u c -  

tuT-al app~'-oaches. Both method_~ p~.edict an 80% s p e c t r a l  area ~or 

~-F~_ ,i~ith the  ~.~duced ~.:'0.'..: di:-=tv.ibuted a~ ¢.a~bide pha~e~. Thi~ 

T.B_=:idual i:~ a~',algzed .=~.=. e i the r ,  a combina t io~  o~" ~.."- and x ( I ,  I I~  

ar, d I I I >  carbi,3~.~ o~ .'..'.~f:: ~ comb~)at ion o~ ~ " -  av, d FexC c a r b i d e s .  

N~ema~,tsverd~ie.t ~t. ml. ~.~,~.) Favor a n a l y s i s  w i t h  the amorphous 

F~ C c.~rbid~, lheg v,c, t e  t h a t  thi.= t r a n ~ i t i o ~  c.--,v-bide i-= cha rac -  
x 

t ~  ~. .d b~ a hgpeT-?ine ? i e l d  below ~'~75 kOe and t h a t  i t  

~:rans~orm,~.. to  c, theT" carb ide~ ~.oon a f t e r  the d isappearance o~ the 
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,'r.-Fe. ],he F~. u. J'n Fig:.,re 5.~b ,i,o~.:Ic; l"~av~., a me, gnetic s p l i t t i n g  
;:< 

,-~ ~F, pTo'~';imatei~.~ ;~!34 kO,~:. The ::<-F~,~,C~.~, c-~hid~, ~nlalg~i~ approach 

~ i l l  :..u~ic~ .-..~ -,~l l ,  but .th~ small contT.ibution ~om each s i te ,  

~.e.~at-,,'~ a'r~,., do~.~ not permit an a u t h o r i t a t i v e  app;o~imatel~ 5% " - "  , 

assignment oF the carh~d~.. On t~,e assumption tha t  the i~on and 

caT-bi.d~ have e~.~al 'recoi]-~we~ ~ract ions, one concludes, however, 

tha~. the c~-Fe i-=" rougP~lg ~-!,S,X c.~rbidr-d af'tc,~. 45 minute~ o~" reac-  

t ion.  

5 ~ V - - - - ,  
• . ,, h~- 4 

The " ; ' I " -F, .>. ,N , _ - . ~ , t a l y m t  wa:~ prep..~r.ed bg ~ l i t r idJn9 a ~educed 
4y 

. . . .  -,. ,:., K ÷'aT. 6 . 5  l-,c,..rr'--.. T h e ,  T .oom t e m p e T ,  a t u ~ e  ~ a ~ e T .  i n  8,,~.;. r.~H.., a t  : "~" "  

spectrum o~ th~,.~ [at~l: j~.t  .i.~. ~e~e.nt.ed in ;-igLrre 4a and the 

Mos~bat,~.7. p~,r~me..te'r_~ are given in Table 3. T~o superimposed six 

linP. patteT-ns, a zero near~,st neighbor (340 kOe) and a two 

, ~1o  kO~), ~ i t  the spectrum ade~uatelg, but the nearest neighbc.~. ("~ ~" 

g i t  i:.. improve, d b~ cr~n~idering t~o 2nn s i tes  ( I IA  and l IB ) .  In 

lin~: with the th~.owetical ~nalg.=.i~ bg Clausew (12)~ the two ine -  

~uivalent  -~'nn magnetic sit~.s are constrained to have ~e la t i ve  

i n t e n s i t i e r ,  in the r a t i o  ~J.'' I. Ir~ add i t i on ,  i n i t i a l  peak pos i t i on  

a:~.:.ignment:~ a~-~, made -=.o as to bias the F i t t i n g  to g ie ld  ~ ie lds 

~i~.h oppo.~,ite sign ~uadru~ole i n te rac t i ons .  The spectra l  a~ea 

~'atxo in Figu're 4a is  O. 93 1.00"2.00 ¢I: I IB:  I IA ) ,  as compared to 

the, id~.al 1. 1 ";: r..~tio g'o~. ~toichiometwic "~"--Fe4N. I~ £ i t t i n ~  

thi.~ ~i"-~,it~.id~_ ~p~,-trun',, i t  i~ n~,¢e~a~g to  i~,clude a cen t ra l  

doublet ~ i th  ~r~ iso~e'r, sh~Ft oF O. 37 mm/B and quad~upole s p l i t -  

t ing o~ I. 11 mm/s Tb~ doublet, designated Fe-~, accounts ~o~ 
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l ~ .  3~", o~ ~ t~he :.++:~.?~:t::'a+~ ~ ;~ .~ .  Lo~ t~,mpeT.~ture anal~sis should d i s -  

c~rn be~c.er, ~:hi~. corrtr. ibution a~'-ising PT'om a ~m~ll p a r t i c l e  

T~i~.:ride or..~ T,,:,~, m..~gn,z.tic ~.-nit~-id~ ,. The. ~-educing atmosphere of" 

~k,e NH.~.-"H.~ ~,i~-~+~]~!g mi~,.tuT.e pr-eclud,-:;=. "-'.uch a l aT .qe  a m o u n t  of" :_ :+ 

i~on oxide pha~+e. 

The Mo~.~baue~- ch.~1".acterizatic, lf of"  the "~"-Fe4N catalg.~t af ' ter  

80 minutes ~eaction at 450 K i.~ sho~n in Figure 4b and spectra l  

parameters are given in ]ab le  3. Onlg the eighteen peaks ~T.om 

the ~;'-nitT.die.. aT]d th,~ Fe-.Q doublet ,  co,.,ld be determined f'rom 

the com~,uteT. ~'~. ] h e  IS, WS.. ~nd HFS values ~or these three 

s i tes  a~-e in a~:cordance with the s t a r t i n g  catalg.~,t. The ~nn 

sit.es.. ~lthouph ~ t i i l  constrained to a ~:: I r e l a t i v e  area r a t i o ,  

are 10-+15% great,~'- iT+ aT.Ca than tho-~e in the f'1.esh "~-Fe4N. The 

al-ea of ~ the ";:~" OTto ~ i t e  i:~ u~char#ged. A~ add i t i ona l  c a r b o n i t r i d e  

or carbide con t r i bu t i on ,  unT.e~olved at  the present spectrum reso-  

lutic~n, would account ~or t h i s  inc'rea-~ed a~ea FT.action. A be t te r  

s t a t i s t i c a l  ~ i t  i~. given iP ot~e reverses the -~:~ G~ sgmmetrg 

expected in p:.~T-~.., "~'~'--~itT.ide. A ~.imila~ f ' i t t i n g  to  the v i r g i n  

"~'~-Fe4N ~pectT.um ,~,ould not converge. Ev~,T~ du~-iT~g -~gnthe$is #eac- 

tioT~$ at 5~3 K over the ~(f"--T, i t ~ i d e ,  no di?~'ere~mtiation between 

the × I I  carbide ~ i t e  (~:18 kOe> and the ~ - I I  _~.ite~. could be 

made. So, although =~ome "~r'~-carbonitr.ide a~d carbide ~'ormation i s  

exFected, the probable it+hr, mogene.~tg oF the phase prevents i t s  

i d e n t i f i c a t i o n i n  the spectrum ~i t .  Furthermore, a decrease in 

the non-magnetic c o n t r i b u t i o n  is  seen between Figure 4a and 4b. 

The increase i~-~ the quad~.upole s p l i t t i n g  From J. I to 1.4 ram/s, 
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signieies g r e a t e r  charge asgmmetrg at this Fe site. One can 

speculate that  addi t ion o~ carbon in the v ic in~ tg  oF t h i s  site 

can ~eorde~. a ~,ortion o~ the domain as magnetic and ~urther 

polarize the electronic state oe the paramagnetic domain.- The 

degree o ,  ~ carbon incorporat ion mould account ~or less than I0~. o ~  

the spectral area. 

bulk "~'"-Fe4N. 

:5.5.3 ~-Fe N 

the ~inetics a#e representative oe a 
i' 

The e-ni÷.:~-ide c~Jt~ig:~t ,~.,.m~. tgr~the$ized bg ~,~tridir~g a 

T-educed ~i~a£er- i~ :;'.I~'~ NI~:: at 653 K ~:'or. 6 hour.~,. The Ho$$baue# 

parameters ~o~- the computer ~it to the roo~ temperature spectrum 

( F i g u r e  5a) aT-e giver~ ~r~ T..=:ble 3. It, add i t ion  to the e - I i  a~d 

~ - I I I  ~'ield_~, a :~,T,.=~II "i:b" Or, ncoT, t r ibut io~ |  i~  ev~cleT, t .  The ~ma!l 

Spectmal a~ea o~ th is  s i te  (1.7%) is  responsible ~o~ the dev ia -  

t ion ~rom the expected HFS value (~340 kOe). The associated 2nn 

_.ire, ident'Ifi~d~" ~ a~ V'.~. _p.s i lon- I I  i~ Table 5 . ~  although charac-  

t e r i z e d  bg a tgp ica l  ~S" magnetic _~pl i t t ing of" ~14.2 kOe, i s  not 

so le lg  a "~i'"-II s i t e .  Th~ 1 .7% area contT-ibutior, f'T.om ~ ' - I  l i m i t s  

the t o t a l  Fe4N : ~ r e a  to belo,i, 8%. [:on~traininq the a~ea o~" t h i ~  

mix l i n e  pat tern  to thT-ee times that  ot ~ the higher ~ ~" ~ i e i d ,  

T-ather t han  r .educing t h e  b'" ann aT.ea~ iT, cr-ea~.e~ the Onn area 

unreasonab~g. Therefore, we a t t r i b u t e  th is  two nearest neighbor 

contr. ibution to an iT~homogeneou~, mi×tur-e o~" "~" pr .ec ip i ta te~ in 

hcp ~-Fe N. The ~-r, i t r o i de  inhomogerJeitg can be v i s u a l i z e d  bg 

considering a d i s t r i b u t i o n  o~ hgper~ine FieldS. The v a r i a t i o n  in 

s t a t i s t i c a l  placement o~ nitrogen neighbors in the ~iwst 
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(nearest) h~gi~er ~o~rd~r~at~on shells oe each iron atom will .gen- 

erate nonunieorm eields at their nuclei. Chert e~ al. ~13) and 

D e C r i s t o ~ r o  e~d Keplo~ ( i~)  eavor t h i s  d i s t r i b u t i o n  o~-magnetic 

Fields approach. ~he n~nmagnetic Fe.-~ s i t e  should thus 

correspond to underestimated innermost peak i n t e n s i t i e ~  encoun- 

tered ~hen Fi~tX~g e~eld ~roadened spect~a ~ i t h  3:~:~ area con- 

~ t ra in ts .  Yah et al 415>, in add i t i on  to ~i~t~ng ~ i t h  an HFS 

d i s t~ ibu t i on~  also ~e~ui~'e a nonmagnetic doublet in the i~  room 

temperature Mossbauer spectra. 

The e-T~it~ i,d.~, cat.-~!gzed CO hgdroge~atic,~ {"oT: app~o×imatelg 

i .  5 hours. The room temperature spectru~ oe the spent Ca~a~gst 

(Fig,_,~.e 5b) ~t ~ ~' 1 exhib'i,..~. ~ - .~ smal I "b~'-Fe#N co~,tT.ibut ion. A 

major i tg  o~" the ~-~taPting r, i t r i de . ,  -~-I I ,  e - I I I ~  a~'~d F'e-Q~ i~ a l~o  

re ta i r ,  ed. The hgpeT.~'ine ~'ield.-s o~" ~ - l I  a~,d ~--I I I a~'e h i  Qh~.~ than 

those in the star~;ing n i t . r ide,  ~nd~a t i ve  o~ N loss. F u r t h e r -  

more, the ~pectr.al ~re~ o~" the ~ - I I i  ~ i t e  ha~ dec~.ea~ed ~'~.om 3# 

to 20%. 

The computer ~'~tting also identified ~h~ee ne~ magnetic 

species i7~ the carb~ri~ed sample. A Io~ spect?al a~ea and oge?- 

lapping peak positions oe the third site, ho~evew, does not ~m?- 

rant it~ di~cu-_=.~ioT~. The remaining tmo ~_~pecie~_:, ~-II aT~d ~-III , 

ar.e attributed to ~_-carbov~itride ~ite~ having ttllo a~d ~hw~e 

i n t e r s t i c e s  occupied. F o c t e t  el. ( I~)  i den t iF ied  a (CNV) caw- 

bon~t~ide mith a isomer s h i f t  o? 0.30 mm/s and a magnetic F ie ld 

of' ~43 kOe.  The m-Ii ~ i t e  ha-~ ~ i m i l a r  p, al'.ameters:. The actua l  

~denti~cation o.~ these transition cawbonitrides ~e~uires a 
L 
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greater ~-eaction length so that greater definition is given each 

proposed s.ite. One mag sag though, that  ~e si tes ~ i th  carbon 

neighbors acco~Jnt Fo~" roughlg ~0% oP the spect~a] area. 

2.5.4. ,~:-Fe2N 

A .~'--T~itT'ide cat..~lg~t sl, a~ sgT, the;=.ized k,g f'Ic,u, iTJg pure NH 3 at 

673 K ~o r  8 ~c,,,r's o',/e~- a r e d u c e d  i~.on pounder. The c o m p u t e r  P i t -  

t e d  room tempe~'.at.u~e Hossbauer spectrum is given in Figure ha. 

The Mossbaue~ parameters ( ]able 3) Po~ th i s  ~ i t  ind icate a single 

pha~e p.=~ram.s~gnetic .i;-Ff~.~N. The ~pectrum of" tho c atalg-zt a~ter 80 

minutes oF rea~.tion (Figure 6b) exh ib i ts  magnetic o~de~ing in 

add i t io~ to pure ~.'-nitT.i,de. ~:g ~ubtract ing the ~?-+Fe~N cont r ibu-  

t ion and e~panding the spectrum scale, the background becomes 

substant ia l lg  more clear (Figure 6c). 7a, o magnetic ~ields and a 

single doublet a~e predicted in ~ i t t i n g  t h i s  ~ e s i d u a l '  The tuo 

magnetic s i tes have hgpe~Fine s p l i t t i n g s  cha rac te r i s t i c  oe iron 

with ~ and 3 neaT.e_~.t n i t rogen neighbors. The louer eield s i te  

has a quadrupole s p l i t t i n g  oe -0. 30 mm/s, and could not be F i t  

u i th  a phgsical lg meaningeul zero quadrupole s p l i t  six l i ne  pat-  

te~.n. No~ could a separate magnetical lg o~de~ed s i te  be i n t r o -  

duced in to  the ei t .  This 108. I kOe Pield is  a t t r i bu ted  to ove~- 

lap, bet~eer~ at, e - I l l  ~it,.~ and a les~ inten~.e e-ca~.bor, i t r i d e  ~ i te ,  

probablg oP NNC structure. As a spectral area oF ten percent oP 

mo~.e is  normallg detectable, the carboni t~ide con t r ibu t ion  to 

~pectral area o~" the reacted .-_':-Fern mag be e~timated a~ le~s than 

10%. This uould be less than the spectral  areas oF carbon phases 

in iron,, ,:~"-nitT.ide.. +-~,d e - n i t r i d e .  
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3. Fu tu're Re sea-r.r, h 

Research in the n~.~t 3 r;~onth pc, r.iod ~ i l l  emphasize the com- 

puter ~2tt i~g r.,~ comp]'~cated carboni t~ ide peak.~ in Mossbaue~ 

spectT.a. ]T.aT~.ient ma~s spectral  aT, a lgs i -  ~. o£ the decomposition 

in hgd~ogen o~ p~'e--nitT, ided ca ta lgs ts  a£te~ Fi~cher-T~opsch sgn- 

thes is  ~ i l l  give add i t i ona l  in£ormation on the stoichiomet~g o£ 

the bulk phase during react ion.  The e££ect o£ p#e-caT.biding a 

n i t r i d e  on the subse4t, e~t s unthesis reac t ion  ~ l l  also be inves- 

t igated.  
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