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ABSTRACT 

The obJeCtive o~ this work is to examine the e~ects "o~ 

nitrogen, as n i t r i d e  and as a gas phase reactant, on hgdrocarbon 

synthesis react ions over iron c a t a l g s t s . . I n  t h i s  ~ i r s t  ~uarter lg 

period o~ a three qear program, two students have been assigned 

to the project  and have begun a s s i m i l a t i o n  o~ the l i t e r a t u r e  and 

upgrading o~ equipment, i n i ~ i a i  Mossbauer spectroscopic and 

k ine t ic  experiments on bulk iron n i t r i d a s  show our a b i l i t g  to 

prep.=,re aT, d identi.F'L-: the "~J-Fe4r-~ ph~J~.e and i~'ollow its. ~ . t a b i l i t g  

during Fischer--TT'opmch synthesis. K i ne t i c  and cha rac te r i za t i on  

experiments w i l l  be the major "emphasis o~ th i s  ~ i r s t  ph~,se ol ~ the 

wor I;. 
.' 
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~." OBJECTIVES ~ND SCOPE 

1. 1. BACK-~R OUND 

The %easibilit,.j c,? utilizing sgntD',esis gas <CO + H~> via the" 

Fischer-Tropsch react ion pathwag 9or the production o9 @uels and 

chemicals is ~el l  establ ished. ]-he SASOL ventures~ ~or example, 

take advantage ~ abundant coal resources to produce both d e s i r -  

able sunthetic automotive ~uels and basic chemical ~eedstocks. 

The app l icab ' i l i tg  oF these chemical t ransformations is  nonethe- 

less l imi ted.  The present p~ocedure requ i res  extensive process- 

ing i~ the production oP non-essential bgproducts is to be 

avoided. The discoverg and subsequent usage of improved 

cata lgsts  would therefore be advantageous. 

Exper:imental r e s u l t s  published in the current ] . i te ra tu re  

show that nitrogen aSPects the performance o, ~ iron catalgsts- 

cata lgs ts  mhich ~ind widespread use in the Fische~-Tropsch syn- 

thes is  route, P r e n i t r i d i n g  o~ the i ron ca ta lgs t  has been 

reported to shi?t the PToduct d i s t r i b u t i o n  to one exh ib i t i ng  

loE~er molecular weight Fractions and enhanced alcohol g ie lds ( i ) .  

O~ the other haT,,'~., ~im,_,it.~,~_ou-T. ir, tr,-,d,,,-ti~m ,:,I: ammonia <NH 3) 

with sgnthesis ga~ produces nitrogeneous compounds. Furthermore, 

and probablg o? greater, importance~ t h i s  add i t i on  o~ ammonia 

e~Pects a reduction in the overall~ chain length o? compounds in 

• " 3 ) .  the product spectrum (~, I t  is  of considerable interest~ 

therefore, t~ studg these and other c h a r a c t e r i s t i c s  o~ n i t . idea l  

i~on catalgsts in o~der to gain a basic understanding o~ t h e i r  
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behavior. Discoverg o£ the n.aw pathwags in Fischer-Tropsch sgn-%. 

thesis ar?orded bg ni trogen w i l l  add~to the ~undamental knowledge : . 
~m 

~rom which ~uture sgnthes is -ca ta lgs ts  can be derived• 

1. 2. OBdECT IVES 

The scope o£ the program mag be broken down into two main' 

areas o? concern• F i rs t lg~ considerat ion must be g~ven to the 

role o~ th~ surface ni t rogen i'n 

i) altering the product distribution and 
• ~.-' . 

~I) stabilizing catalgst activ~bu 
• .o. , . 

o P the sgnthesis reactions. In_-y.itu Mossbauer studies, alreadg 

in progress, will identi~g the various iron nitride phases and 

allow ~or examination'o? their stabilitg during reaction. The 

Mossbauer results will ,~orm the basis ~or detailed kinetic tracer 

experiments involving transient and isotope labeling analgses. 

Ultrahigh.":vacuum work using SIMS and AES w i l l  supplement the 

Mossbauer and k ine t i c  character izat ions.  

The second area o~.: considerat ion u ; i l l  involve the k ine t i c  

and c a t a l g t i c  e~ec ts  observed during the add i t ion  o? ammonia to 

the sgnthesis, gas stream. Transient  w grk w i l l  be ideal Fo~ 

• c,b~,:,T.vinq i ~ i t i a l  ac t i v i t6 j  cF-,ar,~e~ O,:CUT'T-iT, g a~ a r e s u l t  o? NH 8 

pulses. Along with u l t rahigh vacuum studies, the t r a n s i e n t  k i ne t -  

ic~ o? NH._, .addition w i l l  help c l a r i ? g  ~,hi,:h ~.teadg _~tate e'~peri- 

ments would be mo~t productive. The various ana lg t i ca l  methods 
L' 

w i l l  de?ine in te rac t ions  between surface and bulk ni t rogen, and 
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t he i r  role in a~Secting new react ion pathuags. 

The p r i m a r g  experiments w h i c h  de~ine o u r  ~ o u t e  to u n d e r -  

standing which parameters inf luence the s e l e c t i v i t g  and a l t e r  the 

a c t i v i t g  o~ sgnthesis reaction~ mag, therefore, be out l ined as 

~ollows: ' 
~]' // 

i )  Mos~ba'ber and simultaneous k i n e t i c s  o~ pren i t r ided i~on 

catalgstS w i l l  be used to determine n i t r i d e  phase stabi l ' : i tg  

and to corre la te these phases to react ion s e l e c t i v i t g .  The 

i n i t i a l  pressure o~ one atmosphere mag la te r  be .increased. 

ii) Similar- ar,.--,l,jsi$ o÷:" the ei:'E'e,zts ,:,f" addition cd:" I'qH~. t.c ¢}~e;, 

reactant stream w i l l  be performed, 

7 

i i i )  Transient analgsis and isotope t~acer gtudie.s o~ synthesis 

~eactions over pren i t r ided cata lgs ts  w i l l  determine surface 

f~:' ni~': ide s t a b i l i t g .  The stoichiometrg at  the surface and 

inf luence oS n i t r l d i n g  on CO d i ssoc ia t i on  tu i l l  be.sought. 

iv )  Ultrahigh vacuum ana lgses 'w i l l  examine surface stoichiometrg' 

and r e a c t i o n  i n t e rmed ia t~ ' es .  I n t e r a c t i o n  be tmeen t h e  n i t r i d e d  

phase~ ar, cl ad~oT-pti,-,n be!hal st~eT, gth~ o~: F30 and H~: w i l l  be 

investigated. ~ r  

V) The e ? ? e c t s  O? NI-I~. a d d i t i o T ,  t o  t h e  T.eactaT, t ~.=..T-ea,T, m i l l  be  

s im i la r l g  ?ollouJed bg UHV and t r ans ien t  t~ace~ studies to 

determine possible a l t e r a t i o n s  in react ion pathwags envoked 

bg th e pr-e~ersce o'F" NH 3.  
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Computer ~odeling mag be undertaken at several .stages,  pa~ ~ ~ 

t i c u l ~ I g  t o  ~ i m u l ~ t e  t h e  o?~ec t  o? NH3~ir, t e r ' ~ c t i o n  a~ d i s c u s s e d  ' 

a b o v e .  

2. TE_CHNICAL PROGRESS 

2. i. LITERATURE REVIE~J 

2. i. 1. ..~eneral PropeT't.ies o~ Nitr'ides 
o .  

The t 'ransition metal carbides and n i t r i d e s  can possess cer-~. 

rain cata lgt ic  advantages r e l a t i v e  to the i r  pa~rent t~ansition" 
• . d 

metals. Recent l i t e r a t u r e  shows that these, carbides and n i t r i d e s  

~ometime~ ha~b higher levels  o~ a c t i v i t y ,  bet ter  a c t i v i t y  mainte- 
~.~ .: 

nance and ove?~)l s e l e c t i v i t g  to lower "molecdlar weights, and a 

greater resistance to poisoning in Fischer-Tropsch sgnthesis (4). .  

Anderson ( I ) ,  ~or example~ ci tes examples o~ greater a c t i v i t i e s  

and al.tered s e l e c t i v i t i e s  o~ iron nit'rides. This resul t  is@:.' 

p~esented in greater de ta i l  below. 

Both n i t r ides  and carbides exhibi t  high melting points (5) 

and are extremel.y b r i t t l e  and hard. When subjecged to mechanical 

a t t r i t i o n ,  there~dre, t'hese materials exhib i t  low weight losses. 
C 

In addit ion, the n i t r ides  show £he tendency to conduct electrons 
b 

and react to magnetic ~ields :in a ma~Iner similar,  to t rans i t ion  

metals. = .. 

The actual mode o~ bonding, subject o~ mang bond theorg t a l -  
c 

culations (6 ,7) ,  i s ~ s t i l l  not adequatelIj described. Sop,.histicated 
' 

t~i. 
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t heo r i es  ,~ i l l  be reRuired to explain t h i s  complex subject. The 

: ~o]lowing section discusses the s t ruc tu ra l  aspects o~ the . i fon-  

nitrogen sgstem. 

2. I. 2. I ron-Ni t rogen Phases 

Studies o~ the i ron-n i t rogen phases b;:j Jack (81 and Anderson 

(9) have gield%d well documented charac te r i s t i cs -o~  the sgstem. 

Inves t iga t ions  o. ~ the i ron -ca rbon i t r i des  have not b'een so suc- 
'2 

cess~ul. Table One out l ines the ~our ma.lor i ron n i t r i d e  phases 

p~e_--,er,t Bt inw'-e..emper~:,e.uT-es. (h~lou, n .. . . . .  # '~O-C) ' .  T h e  t a b l e ,  . . ~  

J • :. - °  

'~.resented bg A n d e r s o n :  (9), provides for  each primarq phase the 

a s s o c i a t e d  nitrogen weight %, atomic r a t i o  N ( r a t i o  N atoms to Fe~: 

atoms) and the Expected u'~it ce l l  arrangement. A repre~.'_~ntation 

el ~ the un i t  ce l ls  is  provided in Figure One, showing bodg- 

centered-cubic (bcc), ~ace-centered~c.ubic (.~cc), and hexagonal-. 
I i . 

. ~ - _ _ _ L  
close-packed ( h c p )  arrangements. ~ -~ 

°: 

TABLE ONE: LOW TEMPERATURE PHASE9 OF IRON NITRIDE 

Approximate 

Phase Stoichiometrg N u t  % N, atom r a t i O *  Uni t  ce l l  

or. Fe ..C O. ~ ~ O. O0~J bc c 

~'" Fe4N 5.7-6.1 . ~'41-. 25.~ ~'cc 

Fe.IN 7 . . ~ : - 1 1 . 1  .314-. 498 h,z I 

#. o- . .=, ,  ,~' oT'thoT-hombic Fe . ,N  11 1 - 1 1  ~ 9 ~' 

* N is defined as the ~at io o~ ni t rogen atoms to i ron atoms. 
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The actual loca t iohs  o~ the n i t rogen atoms are the i n t e r -  

s t i ces  between the i ron posi t ions.  Exact s to ich iomet r ies  a~e not 

dePined, although the thT'ee pha~e~ ~ ' , e  a~d ~ re~pect ive lg 

correspond to  appro×imatel g Fe4N, 'Fe3N and FerN. The composi- 

t i ona l  dependence oF the i~on-ni t rogen sgstem is presented~'in 

Figure T~o. 'I This phase diagram cove~s compositions up to 1~ ~t % 

N <~-n i t r ide> and temperatu~-e~ ~rom 800°C through 700°C. Some 

analogias mau be dra~n erom the i ron-carbon sgstem, pa~-ticular]'V 

?or Io~ concentrat ions o? the non-metal. 

The nit~ogon, as:~hown b'g Figure 3~o, exh ib i t s  lo~ s o l u b i l -  

i t g  in the cubic bodg--CeT~tered ~-i~on, reaching a maximum o~ 0.4 

atom ~ N at 15~0°C. ]'he ~o lub~ l i t g  i~crease~ markedlg in V--iron 

(?¢c) at temperature~ above 900°C. i#ith les~ than one n i t rogen  

atom per ten iT'on atoms, a 90% por t ion o~ octahedl-al holes, in the 

~cc i~on l a t t i c e  remains avai lab le ~or i n t e r s t i c i a l  occupation bg 

the ni trogen. "" 

Continual increasing o? the n i t rogen conter~ at these 

~leva~,~ tempeT.~L,T-~ <~boVe ~O0-C., ~ ' i l l  ~i~ld ~-pha~e iro1~ 

n i t r i d e ,  having a hexaoonal-close--packed a~angement. ]'he n i t r o -  

gen is d i s t r i bu ted  among the octahed~al holes once again. SlouJ 

equ i l i b r ium cooling at  approx~matc~ly 20 atomic % nit1"ogen w i l l  

cJield ~%"--IT'OTI nztrid~, a~ t,~.m:,c-T-atuT-es belo,i, 6:3u ID. "Thi~ im the 

F_I~-~ -' . . . .  pl-,a:e., .3nd e~..:hibit~ ~ ~ubi,: <i='cc) aT.T~.--,ngelT, ent ~It l~,ll, er 

nitr-o,~c.n co1~.erLt~, belo,i, ~0:-. ~ get abo',.-e 590°C, aT~ e¢[uilibT-ium 

beF..,i,e,--,n "@ and ",':" F.,hasem u, i ll exist. 
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]'he T, itr.oqeT, ma?tensite C,:¢<: pha~:e> ~,ill be ?ormed bg ~apid]~ 

cooling th,~ ~:;--pha~.e (,i, hich is termed nit~'o,~eT~ auste~'~ite in an~l- 

ogg to the Fe-C compound). This N ma~tensite w i l l  i~orm a %we 

pl-,as.-, s o l u t i o n  ,~,ith ~- i~on.  Th=., malted, s i t e  has i ron  atoms 

az~'anged tetzahed4al lg and is  reported to contain up to a maximum 

9.4 N pe~" I00 Fe a~oms (7). 

OccuTring at epproximatelg 33 atomic % nitrogen is th~ 

OT'thOT'P, OiT, bic .~.-F, hase. This is s'l;@ble at "bemperatu~es belo,~, .=_,O0°C 

and zepresents the nitl-ide phase uJith the greatost nitrogen con- 

ter, t, corT'esponding to the -F',-,~'muia Fe2N. The r~arro~l! t,.,o ph.=.'se 

<.'2 ar, d ~> r-egior, ~epara~,-.s this or-thozhombic ph.~se ~:'rom the hop 

m_-phas--.e. -Fhe unit cells ,,,ill be simil[-zr in ~'o~'m except the .=>. 

phase ~'xhibits an elongated ~xis in the c direction t~ansgorming 

the o~th0hexagonal cell to o~thozhombic. 

tqitriding o~" ,-.~.-iT.or,, .-_-,t sag 45,3°C, ~1,ould e>~hibit thes,m ?OLn" 

distiT, gui~.h~ble nits-idi~ ph,-~ise~. The o:-T, itride phase wc.uld occur 

immediatelg upon N addition, but tdould yield to a mixture oF 

~. ar, d "~.:" a~'ter- appro:<ima%elIj O.,z,5 ~tom % r~itrogen had beer~ .=,dded. 

The pu~e ~:f"-r, itroqen ,J.,o,_,id onl 9 then be encountered at ~/0 atom ~-.~ 

as mentioned p~'eviousig. Fu~'theT" nit~'iding would 9orm the 

e and .~. phases plus %h~.ir T'e:~l:,m-.C~.:ive %:,~0 pha~.e r'e,.~ions. Thus, 

nitridir,,:l at 400-450°C would er~able the ?our ma.jo~ phases to be 

accessible. The nit~iding p1"ocedures us~.d'in this u~o~k t~ill be 

at these and lowez tempel'atu~es, and uiil be discussed below. 



I I  

2 .1 .3 .  Preparat ion o~ I ron N i t r i d e s  

The preparation oD iron nitrides ,has been considered b g 

Bouchard et el. i(13), duza (12), Jack (8), and bg Anderson (9). 
I ,  

• ~ ° .  . . . . .  . 

The i ron  must ~ i r s t  b'b<reduced be,~ore s i g n i f i c a n t  n i t r i d i n g  can 
J,, 

proceed. Thus, the n i t ' - i des  are prepared bg passing ammonia 
/ 

~ha~ an unreduced sample is  onlg o v e r  r e d u c e d  i r o n .  duza  shomed ~ ~ 

slo~;Ig reduced bg the passage o~ ammonia, with l i t t l e  or no 

take-,-,p c,I:" n i t rogen .  Anderson repor ted t h a t  the o~tF',o~hc, mhic 

p h a s e  (F,-~.31'4.'., car, be a c h i e v e d  a t  t e m p e r a t u r e s  l e s s  t h a n  350°Cb ~ t  

a space ve l oc i t g  09 750 volumes o~ ammonia (STP) per volume 

ca ta lgs t  per hour. Anderson reported the ~astest  ra te  o~ n i t r i d -  

i'ng at .:,5,.".,' ~' ::-'6, a, :h iev in~ the l i m i t  o? the 2 ph.-~se iT, I r,. hc, ur-s. At 

hi,_-,l',er- te,t, pe~'atc,'re_~ cd:" T d t ; ~ i d i ~ g ,  o ~ l g  t h e  e p h a s e  ( F a x  ~.I~ 

2 { X _~3) can be obtained. A highe~ l'~mit o~ N:Fe r a t i o  ran be 

obtained at higher space v e l o c i t i e s .  An a l t e r n a t i v e ,  method o~ 

n i t r i d i n g  is  to pass ammonia and hgdrogen over "the reduced 

ca ta lgs tJ  The presence oS hgdrogen iomers the e ~ e c t i v e  p a r t i a l  

pressure o~ n i t rogen,  t h u s  producing a lower N/Fe r a t i o  n i t r i d e .  

In ~his maTer, aT'., l"" - Fe4N CaT, be pr.oduced h,j pa~iT,~ a 7:1 mi×-- 

tUT'e r_,~" NH 3 ar, d H~ over" redu,_-ed ir0oT, at 350C'c. T.-~ble Tsl, o ~umma~-- 

izes.prep~'l'ation methods. • .. 
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F ' I . - ~  ~. ,_=. 

~" - Felon 

~-FeN × 

e-FeN 

~.~-" - ,  Fe4N 

TABLE TWO: 

i2 

PREPARA;rIDN OF IRON NITRIDES 
f 

i 

Temp.°C Time H r .  Rel ~. 

Fe/NH 3 350 10 (9> 

FelNH3/H ~ 350 < I0  (13)"  

Fe/NH 3 >350 :. > I0  (9)  

Fe/NH311-12 350 3 (13> 

~ . I . 4 .  C a t a l g t i c  P rope r t i es  o~ I ron  N i t r i d e s  

Stud ies o~ the Fische1'-Tropsch s.~n~hesis over i r o n  n i t r i d e s  

a're ra~'e. Anderson, dur ing the 1950 's  (9) and in  rev iew in  1980 

(1)7 concluded t h a t  i r o n  n i t r i d e s  are more a c t i v e  than conven- 

t i o n a l  i~on c a t a l g s t s .  In a d d i t i o n ,  he ~ound grea te r  s e l e c t i v i t g  

toward sho~ter cha in  hgdroca~bons, and an increase i n  the y i e l d  

o~ a lcoho ls .  Bennet t  et a l .  ( I ! )  r e c e n t l g  i n v e s t i q a t e d  syn thes i s  

over manlj ca ta lgs ts~ ~ncluding i r o n  n i t r i d e s ,  and reached s i m i l a r  
• ; r  

conc lusions. 

J 

Andel-son conducted expe~.iments at a pressure ol ~ 7. B atmo- 

~pheT-e~. oveT- ~ ~-,J:-~ed iT.on c.~t.~:i,j~.t .'--~t ~40°C., ~i,i~h ~ 1:1 H.:_,/C0 

i=eed. His resu l t -~  shou almost no p roduc t i on  o~ high mo lecu la r  

weight hg,dT.o._-ar.bon~. ( :> 464°C b .p .  > over the T,i'b'rided e-Fe N 
X 

c a t a l u s t ,  wh i le  10-20% o~ the hgdrocarbons are high mo lecu la r  

weight in  the exper iment  ove'r .~educed i r o n  ( I ) .  The a c t i v i t g  For 

the n i t r i d e  ~,as tw ice  t h a t  o~ the reduced c a t a l y s t ,  and the 

n i t ; i d e  c a t a l y s t  did not lose a c t i v i t y  s i g n i ~ i c a n t l ~  over 10 
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weeks o.P tes t i ng .  In con t ras t ,  the reduced i~on ca ta lgs t  

s t ead i l ~  decreased in a c t i v i t g  over the ~ame period. The 
/ .  

n i t r i d e ~  also remained remarkabl~ stable over weeks o?; . test ing in. 

sgnthes is  gas, in which n i t rogen was s lowlg replaced bg carbon 

du~-ing the sgnthesis,  ~orming i ron ca rbon i t r i des .  

Sgnthesis ove~" the n i t ~ i dcd  ca ta lgs t  g ie lded s i g n i f i c a n t  

amounts o~ alcohols,  up to 30% o~ the condensed phases, or ~0% o~ 

the t o t a l  product exc lus i ve  o~ water and carbon d iox ide.  The 

a lcoho ls  we?e la~gelg prima'rg and s t r a i g h t  chain, ~with ethanol 

the most abundant (40%) o? the t o t a l .  

From thermodgnamics, the low molecular weigh.t a lcohols are 

less f"avored than the longer chain products. Methanol.-sgnthesis 

~"rom C.O and H 2 has a F,o~ i t ive  chaT, ge uP ~t;~nd~rd ~:'ree er, er-g_u at  

~30c'c (..'..C ° = + 5.1 kcal.,"mol;, .=.rid i~ the~e~'o~e no~.. 1"-'avored -~:_. 

m l ° p~oduct. Eth.-~nc, l~ hc,,iLever~ i~ f'avored, .',.@" = - 6. ° ~cal/mol 

AndeT-_~on:~ e:-z.periment~., at ::'4C,-C indeed ~e~lect a preference ?or 

the longer chain a lcohoIs,  since methanol was a minor product. 

In add i t i on ,  the sta~da~-d ~ e e  ene~gg change increases w i t h . t e m -  

perature, causing product ion to become less ~avorabie at h igher  

temperatures .  

Bennett i nves t i ga ted  mang ca ta lgs ts  ~or Fische~-Tropsch sgn- 

t hes i s ,  inc lud ing ~used i ron ,  i ron n i t r i d e s ,  cobal't, i ron/coppe~ 

a l log  and lathe tu rn ings  ( I i ) .  He concluded tha t  "n i t~ ided  fused 

i ron  ca ta lgs ts  look most promising". The n i t ~ i d e d  ca ta lgs ts  p~o- 

~,= C 2 duced ~i~niFic-~nt qu.~mtiti~., o~ ° alcohol-_--.~ the ~ d  C~ alcohol_~ 
.% 
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notablg most abundant, as expected ~rom the thermodgnamics. 

Nitrided iron has be-=n largelg ignored as a Fisch~r-Tropsch 

catalgst, although it 1.~as proven to be worthg o~ interest. The 

behavior o~ the iron nitrides i'n Fischer-Trop~ch synthesis, 

namel V the reason5 behi'nd the selectivity, the increased activity 

and the unusual stability, is not at present given in the litera- 

ture. F, eus to predic~oing this behavior are in the determinations 

o~ the catalytically important nitride ph~se_~ and examination o~ 

their chemical and surface properties. 

2 . 2  SUNi~IARY OF RESULTS 

The main e~or 'b  in t h i s  f i r s t  quar ter  o~ the grant  period 

has been assignment and o r i e n t a t i o n  of personnel ,  i n i t i a t i o n  o~ 

e~uipment upgrades > and p~el iminarg Mossbauer s tud ies  oF the . 

bulk n i t r i d e s .  Tuo e x c e l l e n t  ~ i r s t  year s tudents ,  A i b e r t  Hummel 

p 

and Alan Wilson, jo ined the p r o j e c t  - l a s t  ~ a l l .  Both are corn- 

pleting the core course seRuence this spring and have begun 

research. Albe'rt Hummel ~±II emphasize kinetic studies o~ the 
L" 

i r on  n i t r i d e s .  Alan N i l s o n ' s  mork will centel- on Mossbauer s t u -  

dies oF the catal~i~ts. :-: 

Several modifications and upgrades of eRuipment are 

described in the original proposal. The power supplg For the 

axial electron gun for Auger spectroscopg has been ordered and 

delivered. Because o~ rapid changes in the computer market we 

have reevaluated our p~oposed computer upgrade. The general 

approach and specific main hardware items proposed still seem 
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optimum and the o~.de~'s ~ i l l  be w r i t t e n  shor t lg .  Funds F~om 

anothe~ grant have permitted us to ~eplace the old mul~ichannel 

analgzer mith a ne~ and moze sophist icaeed data ana lgs is  system 

~o~" the Mossbaue~ spectrometer. The s~stem is being checked out 

nora and ~ i l l  improve the ~ e l i a b i l i t g  o~ the Mossbauer experiments 

undertaken in t h i s  ,,,ofF. 

r : 

t 

We have i n i t i a t e d  experiments on i ron  ni tr ide.~ with a se~'iels 
' , . . .  

o'P Mossbauer and l ' i n e t i c  ~uns on pren i t ' r ided i ron powder. The 

catalg~t=: ,i, eT'e pT-epared bg mixir, q 30 mq o? r.(-Fe203 ,i, ith ~'70 m~ c,f" '. 

-~iC, c/ al-,d p r e ~ i r ,  g the mi×ed pc, u*der.s i ~ t o  a sei1: s,.,ppo~ing wa?e~, t',.: 

The u,~1='er was T-educ,=-d in tl',e ;.Ic, s~.baue~ c,=ll in H~ at l~w L. ?o~ 

o 
one hal? hour and at 400 ~ ~'of 4 hou, r'~.. The ~.ilica ~ted-- =-s a" 

diluent 1"-0r the ~educed izon powde1". The catalgsts weze then 

exposed i:o H 2 /NH~a~ mixtu#es to 'pr.,-,duce the ,Jezir.ed nit~ide~. 

A~ter the Mossbaue~ spectum o~ the n i t ~ i d e  was T'ecorded at  ]'oom 

temperatu~'e, a Fischez-T~opsch sgnthe=-is experiment was s ta r ted .  

TI',~'. catil,=Ist ,lia~ ~'ir.~-t }-,e~te,d to ~'5,.'., C it, the ~I~H 3 and I-I 2 mix-- 

tu~e. A ~u, itc[', o-F the ?Ic,,i, in 9 gas to a H2/CO/He mixture ~ta~ted 

the sgnthesis zun. A,~ter s ix hou~-s el ~ zeact ion, the c a t a l y s t  ~as 

cooled in ~eaction ga~ and then another" Mossbaue~ spectrum ~as 

taken. 

, • *0 t = 

Attempi:-m to, make the e r, itr.ide gave unexpected T-e~ult$. The 

Mossbauer spectrum the the n i t r i d e d  c a t a l g s t  has a strong "" 

single~, "--u,2~,..-~es~ive el:" tl',e ~ rather, th.--,r, the ~_ nit~ide. Theme 

exper~ment~ need {:urther evaluation. 
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? 

TP,~ee ho,Jr" treat.mer, t o? the reduced catalg~.t iTi 4/I NH3/ H., 

~=. o _Fe4N at o.:,u C w.-',s expected to prod,.,,=,., the "~;" phase <13). The 

Mossbauer spectrum showed that ~/3 o9 the iron was still in the 
I--| 

met.-~llic state a~'i:er, thi~ treat,neTtt. Fu~tF-,e~ nit~-idin_q at 400"C 

~or ~l. 5 hours gave spectrum A in Figure Three. The s p l i t t i n g  o~ 

the outermost l i nes  in  t h i s  spectrum i d e n t i ~ i e s  the major phase 

a,~ "~J'", but tlne r b l a t i v e  iT,~en~itie~ o~" tF-,e it,~,er- line~- suggest 

that other n~tride phases are present as ~uell. Spectrum B, taken 

a-Pier- the Fis,zher'-Tr'oF-,scl's reaction, s}-,o,i~, loss 09" ~ome of" the ~C-" 

phase (decrease in the intensitg o[' the outer peaks) and the 

growth o~ a new phase ~hich is probablg a ca~,bonit~ide. Complete 

analgsis o. ~ these spectra will require ~urther experiments. Com- 

p@rison OS these ~'esults to those {:or the other" nitrides prepared 

iT, thi~. Qr, oup sugge~-t that the ";i" v, it'r.ide is. the most stable at 

the reac t i on  cond i t i ons  used. 

3. Future Research 

Experiments have .begun as planned in the original proposal. 

In this #irst phase o~ the work, the nit,ida stabilities and the 

kinetics will be the prime areas oF studg. The stability studies 

will relLj heavily on the Mossbauer e. Pect as a method o~ phase 

identification. As =npp~opriate, x rag di~graction L~ill also be 

used. We w i l l  cont inue wi th the bulk n i t r i d e s ,  but expect a lso  

to evaluate nit;'iding effects in supported iron egstems. The 

kinetic studies will begin with steadg state experiments to 

evaluate s e l e c t i v i t g  changes associated wi~h n i t r i d e  ~ormation. 

We are eager to begin tT-ansient .~ine#.ic analg_~is also ,however, 
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and intend %o~ s t a r t  u}ith studies o~' the surface n i t r i d e  

s'toichiometrL.I. Cln preparat ion ~or those and other t r a n s i e n t  '-" 

. . . . . . .  _. : = . -  , . . . . . .  • . . , . .  

. . . .  ~e.Xperimen~-~3 E~_a:-q-(~.r.'-~:6~"inn'ing at tempts to model the t~-anslent 

behavior of the s.?ii~tem on the computer. We expect that  i~he corn- 

purer "experiments" ,will allow us "to "best various approaches to 

studying ~he s~jstem and permit a more streamli.ned program o~  

actual  experiments. -This  c a p a b i l i t y  should be espec ia l lv  valu- 

able in mechanistic studies where" the responses o~ t ~ i a l  

seEuences o~ elementa~.g steps can be tested to show the most sen- 

sitive experiments. 
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