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Disclaimer 

T h i s  r e p o r t  was p r e p a r e d  as an a c c o u n t  o f  woPk s p o n s o r e d  by 

the United States Oovernment. Neither the United States n o ~  any  

agency thereof,  no~ ang o~ t h e i r  emplogees, makes any warranty, 

express o~ implied, of assumes any legal l i a b i l i t y  or respons i -  

b i l i t y  f o r  the accuracy, completeness, or usefulness of any 

in fo rmat ion ,  a p p a r a t u s ,  p r o d u c ~ ,  o r  p r o c e s s  d e s c r i p t i o n  d i s -  

closed, or represents tha t  i t s  use uould not in~r inge p r i v a t e l y  

omned r i g h t s .  Re~erence herein to any s p e c i f i c  Commercial p ro-  

d u c t ,  p ~ o c e s s  o r  s e r v i c e  by t r a d e  name, m a r k ,  m a n u f a c t u r e r ,  o r  

o t h e r w i s e ,  does n o t  n e c e s s a r i l y  c o n s t i t u t e  o r  i m p l y  i t s  e n d o r s e -  

m e n t ,  r e c o m m e n d a t i o n ,  o~ f a v o r i n g  by t h e  U n i t e d  S t a t e s  G o v e r n m e n t  

o r  any  a g e n c y  t h e r e o ~ .  The v i e w s  and o p i n i o n s  o f  a u t h o r s  

e x p r e s s e d  h e r e i n  do n o t  n e c e s s a r i l y  s t a t e  o r  ~ e f l e c t  t h o s e  o~ t h e  

U n i t e d  S t a t e s  ~ o v e r n m e n t  o f  any  a g e n c y  t h e r e o f .  
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~BSTRACT 

The o b j e c t i v e  o~ t h i s  uork i s  to examine the e ~ e c t s  o~ 

n i t r o g e n ,  as n i t r i d e  and as a gas-phase  r e a c t a n t ,  on h y d r o c a r b o n  

s y n t h e s i s  r e a c t i o n s  over  i r o n  c a t a i y s t s .  Th is  i s  the t h i r d  q u a r -  

t e r l y  pe r i od  o~ a t h r e e - y e a r  program. P rocedures  ~or p r e p a r i n g  

t h e  pu~e ~ - F e 4 N  and ~-Fe~N bu lk  phases have bee~ r e ~ i n e d  and 

these phases have been con£irmed by M~ssbaue~ s p e c t r o s c o p y .  

A~ te r  ~our hours o~ F i s c h e r - - T r o p s c h  r e a c t i o n  w i t h  a 3 /1  m i x t u r e  

o~ H~/CO at 5~3 K both unsupported n i t r i d e ~  ~orm new phases~ 

presumably carbon i t r ides ,  re ta in ing  l i t t l e  o~ the o r i g i na l  

n i t r i d e  st~-ucture. A pure ~S-Fe4N wa~ prepared ~rom a h igh lg  

dispe~sed iron on ca~bolac. M~ssbauer spectrum o~ th i s  sample 

a~te~ react ion showed considerable re ten t ion  o~ the n i t r i d e  

phase. The s t a b i l i t y  o~ th is  ca ta lgs t  was ~urthe~ re~lected in a 

steady ~eact iv i tg  and se l ec t i v i t g  during synthesis, in cont ras t  

to the gradual a c t i v i t y  loss over the unsupported catalgsts.  

K inet ic  measurements suggest a hydrogen de f i c ien t  surface during 

the ~ i r s t  minutes o~ exposure to synthesis gas. ?hese pre l im-  

inary studies ident i~y the short time behavio~ o~ the ca ta l ys t s  

as uo~th~ o£ mo~e thorough study by t rans ien t  methods. 



2 

~. OBdECTIVES AND SCOPE 

1.1 BACKGROUND 

The ?ea~ ib i l i t g  o? u t i l i z i n g  ~gnthe~i~ gas (CO + H 2) v ia the 

F i s c h e r - T r o p s c h  r e a c t i o n  pathway ~or the p r o d u c t i o n  o~ f u e l s  an~ 

chemicals is well establ ished. The SASOL ventures, ~or example, 

take advantage o~ abundant coal resources to p~oduce both d e s i r -  

able synthet lc automotive ~uels and basic chemical ~eedstocks. 

The a p p l i c a b i l i t g  of these chemical t ransformations is nonethe- 

less l imi tedl  The p~esent p~ocedu~e requires extensive p~ocess- 

ing i~ the p~oductidn o~ non-essential byproducts is to be 

avoided. The discovery and subseRuent usage o~ improved 

ca ta lys ts  would therefore be advantageous. 

Exper imen ta l  r e s u l t s  pub l i shed  in the current l i t e r a t u r e  

show t h a t  n i t r o g e n  a ~ f e c t s  the performance o~ i r o n  c a t a l y s t s -  

ca ta lys ts  which ~ind widespread use in the Fischer-Tropsch sgn- 

thes is  route. P ren i t r i d i ng  o~ the iron ca ta l ys t  has been 

reported to shi~t  the product d i s t r i b u t i o n  to one e~hibi t ing 

lowe~ molecula~ weight ~ract ions and enhanced alcohol y ie lds (1). 

On the other hand, ~imultaneous in t roduct ion o£ ammonia <NH 3) 

with sgnthesis gas p~oduces nitrogeneous compounds. Furthermore, 

~nd probably o~ greater importance, th is  add i t i on  o~ ammonia 

~ f e c t s  a ~educti~~ in the overa l l  chain length o~ compounds in 

the p~oduct spectrum (2,3).  I t  is o~ considerable in terest ,  

therefore,  to study these and other charac te r i s t i c~  of n i t r i ded  

i ron cata lys ts  in order to gain a basic understanding o~ thei~ 
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behavior. Discover~ o$ the new pathways in.iFische~-Tropsch syn- 
,! 

thesis a~o?ded by nitrogen w i l l  add to thei~undamental knowledge 
.i 

f~om which ~utu~e sgnthe'sis-catalgst~ can b=i derived. 

.I 

1. 2 OBdECTIVES 

The scope o~ the program may be broken ~Io~n in to  t~o main 
.¢ 

ar~as O~ concern. F i r s t l y ,  consideration mu~t be given to the 

~ole o~ the su~ace nitrogen in 

a l te r ing  the product d i s t r i b u t i o n  and 

s tab i l i z i ng  ca ta lys t  a c t i v i t y  

o~ the synthesis~reactions- In.._-sit__v.u M~ssbauer.studiest already 

in p~og~ess, ~ i l I  identiSy the various iron n i t r i d e  phases and 

a11ow ~or examination o~ t h e i r  s t a b i l i t y  du~ing reaction. The 

M~ssbauer resul ts  w i l l  ~o~m the basis ~o~ detai led k inet ic  trace~ 

experiments involving t rans ien t  and isotope label ing analgses. 

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

Messbauer and k inet ic  character izat ions.  

The second a~ea o~ considerat ion w i l l  involve the k inet ic  

and c a t a l y t i c  e~ects observed during the add i t ion o~ ammonia to 

the synthesis gas stream. Transient work ~ i l l  be ideal ~o~ 

Qbse~ving i n i t i a l  a c t i v i t g  che~ge~ occu~ing as ~ ~esult oF NH 3 

pulses. Along with u l t rah igh vacuum studies, the t rans ient  

k i n e t i c s  o~ NH 3 addit ion w i l l  help clar i~g which steedg ~tate 

experiments would be most productive. The various ana ly t i ca l  

methods w i l l  de~ine in te rac t ions  between ou~£ace and bulk 



nitrogen, and t h e i r  ~ole in e~ec t i ng  neu react ion pathways. 

The" p~ima~y experiments uhich de~ine out ~oute to under- 

standing uhich parameters inf luence the s e l e c t i v i t y  and a l te~ the 

a c t i v i t y  o~ sgnthesis react ions mag, therefore,  be out l ined as 

~ollous: 

i. M6ssbauer and simultaneous k i n e t i c s  o~ p~enit~ided i ron 

ca ta lys ts  w i l l  be used to determine n i t~ ide  phase s ta -  

b i l i t y  and to correlate these phases to react ion se lec-  

t i v i t y .  The i n i t i a l  p~essure o~ one atmosphere may 

late~ be increased. 

i i .  Simila~ analgsi~ o~ the e?~ects o? add i t ion  o? NH 3 to  

the reac tan t  stream w i l l  be pe~eormed. 

iii. 

iv. 

Transient analys is  and isotope t racer  studies o~ syn- 

thesis ~eactions ove~ p~eni t r ided cata lys ts  w i l l  de te r -  

mine surface n i t r i d e  s t a b i l i t g .  The st0ichiomet~y at  

the surface and influence o~ n i t r i d i n g  on CO d i s s o c i a -  

t ion u i l l  be sought. 

Ult~ahigh vacuum anal~sis w i l l  examine sub,ace 

s to ich iomet ry  and react ion intermediates. I n t e r a c t i o n  

betueen the n i t~ ided phases.and adsorption bond 

strength~ o? C0 and H 2 w i l l  be inves t iga ted .  

The e??ects o? NH 3 add i t i on  to  the ~eactant ~t~eam w i l l  

be s i m i l a r l y  ~olloued by UHV and t rans ien t  t~acer s tu -  

dies to determine possible a l t e r a t i o n s  in reac t ion  



pathwags invoked bg the G, rese~ce of" NH 3. 

Computer modeling will be undertaken to aid in quan t i ta t i ve  

i n t e r p r e t a t i o n  o~ t rans ient  data. 

2. TECHNICAL PROGRESS 

2. 1 LITERATURE REVIEW 

2.1.1 CarbolacLsuppo~ted Iron 

Vannice and co~orkers (4-6) have used carbolac supported 
= 

i ron in t he i r  studies o~ the CO hydrogenation react ion. This 

carbon black, as patented by Hucke (7), re ta ins  many properties 

associated with act ivated carbon and glassy carbon supports. The 

mater ia l  i s  characterized bg a high surface a~ea < ~lO00m2/g), 

good electron conduction and a highly contro l lab le porosity (4). 
t .  

The uniform and narrou pore d i s t r i b u t i o n  o~ t h i s  r:a~bon black 
I 

provides considerable advantage over the polymodaii pore d i s t r i b u -  

t ions  ~ound in act ivated carbons. Ca ta l y t i ca l l y  act ive metals 

may be added du~ing the actual carbolac manufacturing or more 

commonly v ia  i nc ip ien t  wetness or simila~ impregnation tech- 

niEues. 

A p a r t i a l  character izat ion o~ iron supported upon carbolac 

by M6ssbauer Spectroscopy has already been success~ully unde~- 

taken by dung e t . a l . ,  (6) and by Niemantsverdriet' (8). These 

i nves t i ga to rs  have shown by ¢0 chemiso~ption and M~ssbauer spec- 

troscopy that 5 ut% iron on carbolac consists o~ very small iron 

pa r t i c l es  {2.2 nm).. Vannice (4) reports that CO hydrogenation 



over t h i s  c a t a l y s t  y i e l d s  a product severa l  ~old h igher  in  o le£ in  

concen t ra t ion  compared to tha t  ~rom other  Fe ca ta l ys t s .  The 

c a t a l y s t  also:shows a ~our ~old increase in a c t i v i t y  pe~ gram o~ 

irQn over i r on  supported upon e i the~ s i l i c a  or alumina. We are 

i n te res ted  in  whether h i , r i d i n g  o~ such a supported i ron  c a t a l y s t  

would prov ide ang a d d i t i o n a l  bene f i t s .  

2.1.2 Carbu~ization Du~ing Fische~-Tropsch Synthesis 

The Fische~-Tropsch synthes is  has been studied ex tens i ve l g  

over reduced i ron ,  revea l ing  the unique c h a r a c t e r i s t i c  t ha t  i t s  

a c t i v i t y  i s  i n i t i a l l y  lo~ and increases to a maximum (9-12).  

This behavio~ is  undoubtedly due to the ~ormation o~ i r on  ca r -  

bides dur ing syn thes is ,  a process ~hich is analogous to the ~o~- 

mation o£ i ron  ca rbon i t~ ides  £rom i n i t i a l l y  n i t r i d e d  i ron .  

Models t h a t  exp la in  the a c t i v i t y  behavior o~ i ron and the s imu l -  

taneous ~ormation o~ the carbide are there fore  i n s t r u c t i v e  in the 

case o~ i ron  ca~boni t~ ide ~ormation. 

Three exp lana t ions  concerning i~on during syn thes is  have 

been proposed in  the l i t e r a t u r e .  In the "carb ide"  model, i r on  i s  

not a c t i v e  ~or F-T syn thes is  unless i t  i s  " a c t i v a t e d "  b~ a bulk 

carbide s t r u c t u r e .  Raupp and Delgass(2) have shown tha t  the 

a c t i v i t g  o4 i~on can c l ose l y  match the c a r b u r i z a t i o n  o~ the bulk, 

and t he re fo re  suggested tha t  the bulk carbide in f l uences  the 

number o~ ac t i ve  s i t e s  on the sur face.  This model, houever, does 

not exp la in  uhy preox id ized i ron ,  uhich ~es i s t s  carbu~izat ion~ or 

an FeRu a l l o y ,  uhich does not ~orm a bulk carbide, both shou a 



high i n i t i a l  a c t i v i t y .  

Niemantsverdr iet ,  et. a l . ,  (11-12) there fore  propose the 

"compet i t ion"  model, in which an ac t iva ted carbon species p a r t i -  

c ipates in three reac t ion  pathways~ ca rbu r i za t i on ,  hydrogenat ion,  

and deact iva t ion .  I n i t i a l l y  the ca rbu r i za t i on  step dominates the 

o v e r a l l  a c t i v i t y  u n t i l  d i f f u s i o n  o~ carbon i s  i n h i b i t e d  by the 

format ion o~ the bulk carbide. This model assumes the d issoc ia -  

t i o n  of CO to be a ~ e l a t i v e l y  slo~ step or tha t  the carbon cover" 

age is  sel~ l i m i t i n g .  

. r ,  

The "slow a c t i v a t i o n "  model (11-1~) assumes CO d i ssoc ia t i on  

is  ~aste? than subsequent reactions~ thus prov id ing ample carbon 

fo r  a l l  react ion pathways. Hydrogenation occurs only through a 

preferred complex tha t  i s  ~oTmed at a slow rate.~ This mbdel i s  
\ 

not supported by the FeRu and p~eoxidized i ron experiments since- 

there is  no ~eason wh~ these ca ta l ys ts  should p r e £ e r e n t i a l l y  fo~m 

t h e  r e q u i r e d  complex (11) .  

The s e l e c t i v i t y  of hydrocarbon products over ~ron is  depen- 

dent on both conversion and the nature o~ the ca ta lys t .  Pub- 

l i shed data ind ica te  that  as conversion is" increased,  the o l e f i n  

to pa ra f f i n  r a t i o  decreases (10). In add i t ion ,  the type b f  sup- 

por t  e~fects both the d i s t T i b u t i o n  of products and the time 

dependent a c t i v i t y  although t h ~ e  ef£ects could be due p r ima r i l y  

to p a r t i c l e  size changes (9-11). The £actors that  in f luence 

a c t i v i t y  and caTbur izat ion o~ i ron w i l l  undoubtedly also a ~ e c t  

t h e  Fischer-Tropsch synthes is  behavio~ o~ the i ron n i t r i d e s .  We ~ 



have nou begun the process o~ examining these e~ects .  

2 .2  SUHHARY OF RESULTS 

The prev ious  s tudy by H~ssbaue~ spec t roscopy o~ bulk  i~on 

n i t r i d e s  has been expanded to include a carbon black (carbolac) 

supported iron cata lys t .  Preparation procedures ~or two a~ the 

three i ron n i t r i d e  phases have been re~ined to produce near l l  

pure ~'(Fe4N) and ~(Fe2N~ ~rom bulk i ron samples. 'Steadg s ta te  

k ine t ic  analyses o~ these two phases have been undertaken. A 

~earlg pure ~" i ron n i t r i d e  supported upon carbon has also been 

produced. P r e p a r a t i o n ,  M~ssbauer spec t ra ,  and k i n e t i c  ana lyses  

o~ these c a t a l y s t s  are d iscussed below. 

2.2.  1 Catalyst  Preparation 

The preparation p~ocedure ~or the bulk iron nitride 

cata lys ts  has been detai led previously (13>, Preparations d i s -  

cussed below involve s l i g h t  modi£ication o£ these procedures. To 

begin u i th ,  a neu source o~ iron oxide precursor uas prepared 

because our o r i g i n a l  supplg was depleted. Addit ional ~-Fe~O 3 had 

been ~ p p l i e d  by BASF, but these supplies uere determined to be 

c a t a l y t i c a l l y  inact ive.  Scanning Electron Microscopy EDAX 

analysis o~ th is  mater ial  shoued substant ia l  su l fu r  contamination 

o~ tuo ~eparate samples~ S = 0.43 ~ .05 ut% and 0.20 ! .06 wt%. 

1 
These samples shoued no increase in ca ta l y t i c  a c t i v i t y  a~ter 

cgcl ic  o×idatio~ a~d reductio'n ce~ue~ce~ at 723 K i~ ~lowi~g 02 

and H a respect ive lg .  The p a r t i c l e s  probablg ~intered during t h i s  

procedure. The subsequent decrease in surface area combined with 



s u l ~ u ~  contamination account ~or an essential1~ i nac t i ve  sample.  

Thus~ me ~ e s o r t e d  t o  p~epa~ ing  an i~on  o x y h y d ~ o x i d e  p~ecu~-  

~o~ bg p ~ e c i p i t a t i o n  o~ Fe(N~)3.gH20 wi th  ammonium hgdro×idej 

The hgd~oxide wa~ added d~opwi~e to a .17 M FeEN03) 3 NH4OH. 

so lu t i on  (pH ~ 3.5).  The so lu t i on  was kept a~ a temperature of 

348 ~ 2 K under constant mechanical a g i t a t i o n .  The NH40H wa~' 

added cont inuously, p r e c i p i t a t i n g  the dark brown i~on compound, 

u n t i l  the pH of the so lu t ion  reached 7.0 (batch I )  or "10.5 (batch 

2). Ag i t a t i on  was continued at  348 K to ensure so lu t ion  u n i f o r -  

mity. The suspension was vacuum ~i l te~ed,  washed wi th d i s t i l l e d  

water and ai'~' dried at a~bient condi t ions ~or 90+ hours. The 

~ u l t i n g  b r i t t l e  black cake was ground wi th an agate morta~ and 

pest le  and calcined ~or ~4 h o u ~  in  O~ ~ 388 ± 5 K (batch 1) o~ 

in a i r  ~or 4 hrs at 573 K (batch ~). .~ n i t rogen BET at 77 K o~ 

the inact iva ted precu~so~ gave an estimated su~ace area o~ 357 

~0 m~/g ?o~ batch 1 and 123 ± ZO m~./'g ?or batch ~. 

The i r o n  on caTbon s u p p o r t  was p r e p a r e d  ~rom a h i g h  s u b , a c e  

a~ea (950 ~2/g) ca~bolac carbon black ~upplied bg Cabot Corpora- 

t ion .  A 5 ut% i ron on carbolac was obtained ~om M.A. Vannice at 

Penn State, and me prepared a calcul,~ted 8.2 ~t% i~on on carbola¢ 

by using a standard i n c i p i e n t  wetness technique (14). 

2. 2.2 Mb'ssbauer E f fec t  Character izat ion 

N i t r i d i n g  in  an ammonia r i c h  (85% NH 3 in H2> ~tream at 

a t m o s p h e r i c  p r e s s u r e  and b73 K ~or  t h r e e  hou~s y i e l d e d  a n e a r l y  



pure bulk ~"-Fe4N pha~e. The room temperatut.e MS~sbaue~ ~pectrum 

o~ th is  phase is shown in ~igure ta. This spectrum resembles 

clo~elg tho~ei~'-Fe4N M~bauer  ~pect~a reported bg Lo e t . a i . ~  

(15) and b~ @ielen and Kaplow ' l&).  The two outside peaks at 

approximate Doppler ve loc i t i es  of -5.~ and 5.8 mm/s are charac- 

t e r i s t i c  o~ the ~ ~ i t r i d e .  

The i n tens i t y  of these outside peaks is s i g n i f i c a n t l y  

greater that, tha t  ~hown in the mi>:ed n i t r i d e  pha~e (e and ~s ) 

spectrum reportad by us previouslg (13). This indicates prepara- 

t i o n  o? a mo~e p u ~ e  ~" n i t r i d e  pha~e bg the T, eW p~ocedu~e. The 

1ou temperature, 85 K, M6ssbauer spectrum o~ th is  single phase 

material is shown in f igure lb. Essent ia l lg s imi lar  to the room 

temperature spectrum, th i s  spectrum shows the increase in the 

reco i l  ~ree ~ract ion through an increase in the p~ecent adsorp- 

t ion  o~ the observable peaks. The temperature dependency o~ the 

isomer sh i~ t  is also apparent from th i s  ~igure. Upon react ion ~t 

5~3 K £oT- eour houT.$ iT, a 3H~/C:O sgnthe$i$ mi×ture, the room and 

low temperature M6ssbaue~ spectra, ~igures lc and d ~espect ively,  

were obtained. The deer.ease in the quant i tg o? ~'-Fe4N a?te~ 

react ion i~ shown bg a substant ia l  decrease in percent absorption 

o~ the two cha rac te r i s t i c  outer peaks in both the room and low 

temperature spectra. A corresponding emergence o~ new peaks at 

a~ound ~ 2 mm/~ iT, d icate the ?ormation of a new, non-Fe4N s t ruc -  

ture, probabl~ a carboni~ride. Computer ~ i t t i n g  o~ these spec- 

t ra ,  which w i l l  aid in the e luc idat ion o~ structures p~esent in 

th i s  sample, is in progress. 



ll 

i00 

99 
98 
9? 
96 

I00 
[:3 
"' 9 9  

~ 9 8  

"-  97  
7 
cr 96  

~ 1(]0 
I'-- 

LLJ 
~ 9 8  

m 9 7  

96  

I00 

99 

g8 

97 

96 

o, ,~+ + ' + ' +  
o.  . . 0 % ,0% o ,+ _ _  . °o 
O ~) I~ ~ O e 0 

~ @ @ 0 @ A 
O 0 @ C  DO OG O@ 0 

o % 

o+--.+ 
03 io 

£1 

IOO 
0 

@ D ~ 0  0 o @ o 

e o ~ ,  ,~o e ~ . B 
I0~ Oo e q0 

¢0 I0 D 

(P 

o 

0 
O @ 

@ 

0,~ 

-6.0 0.0 ? .0 

VELOCITY IN MM/SEC 

Figure I: M~$$bauer. spectra o~ bulk V~-Fe4N 
a> ~98 K ~pectrum and b) 85 K spectrum 
r e a c t e d  i ~  3 H _ / C O a t  523 K f o r  4 h ~  

c) ~98 K =pec~rum a~d d) 85 K =pectrum' 



12 

We al~o inves t iga ted  the ~ t a b i l i t g  o? ~'-Fe4N ~ i t r i d e  wi th  

~e~pect to  o× idat ion.  A ~1~ 05 in  He ~a~ mixture wa~ ?lowed over 

the bulk i ron n i t r~de  ~or 1 i / 4  hours at ~98 H. The M6ssbaue~ 

~pectra obtained be?o~.e and a?ter the e×posu~e to 02 were i d e n t i -  

cal. Thus, with respect ~o M~ssbauer e ~ e c t  s e n s i t i v i t y ,  the 

e~?ect~ o? tra~',~portation o~ the ~" n i t r i d e  through ambient con- 

d i t i o n s  should be n e g l i g i b l e .  

Fo~ compari~oT, to  the above bulk i ro~  n i t ~ i d e ,  a ~'-Fe4N 

phase w~s also produced ~rom the 5 wt% i ron  on carbolac precur-  

sor. Othe~ i n v e s t i g a t o r s  (4-&, 8) have suggested that  severe 

reduc t ion  schedules are needed ~o~ complete reduct ion.  Such a 

peocedure can lead to s i n te r i ng .  Figures 2a and b show the 

e~?ect o? a~ iT, cr-ea~e o? ~5°K i~ reduct ion temperature. The 

M~sb~uer ~pectrum o? the 16 hour reduct ion in  H~ at 723 K ( ? i g -  

ure ~a) shows only minor existence o~ the s ix  l i n e  pat tern which 

cha~.acte~i~e~ large pa~.t ic le ~-Fe. Figure ~b pc, rt~ag~ the i d e n t -  

i c a l  c a t a l y s t  reduced at 74S ~ and here the existence o~ both 

la'rge and small i ron p a r t i c l e s  is  c l e a r l y  v i s i b l e .  

N i t r i d i n g  o~ the sample shown in ~igure 2b ~or a hours in  

?5% NH 3 in  H~ at 6~3 K y ie lded a ~t~ong ~t ~ i t r i d e  component (see 

~igure 2c). The M~ssbauer spectrum o~ t h i s  ca ta l ys t  a~ter reac-  

t i o n  iT, ~.H2/COiat 523 K £or 4 houT.s i~ ~howT, in  FiguT-e 2d. This  

l a t t e r  spectrum shows remarkable s t a b i l i t y  o~ the small p a r t i c l e  

~'-Fe4N when i t  i~ co~,pa~ed to the ~ ' -  ~pectwum o~ bulk i r on  

n i t r i d e  a~ter react ion.  Small peaks appear to occu~ at app rox i -  

mately -2 .5  and + 3.0 mm/s which may be i n d i c a t i v e  o~ 
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ca rbon i t r i de  ~ormatio~. S l igh t  reduct ion to ~-Fe i s  probable a~ 

can be seen in the -5 mm/~ec region, but most o~ the i ron is 

s t i l l  ~-Fe4N. This s t a b i l i t g  during react ion is  s u r p r i s i n g  con- 

s ider ing the i ron pa r t i c l e  size. Smaller iron p a r t i c l e s  should 

carbu~ize more rap id ly  than bulk i ron at iden t ica l  react ioh con- 

d i t ions ,  but the~ have not. 

A high ni t rogen containing n i t r i d e ,  an approximation o~ 

~-Fe2N~ has also been prepared ~rom unsupported i~on. Figure 3a 

shows the H~ssb~ue~ ~pect~um o~ a reduced ~-Fe wa~er n i t~ ided at 

693 K in 90~ NH 3 i~ H~ For 3 hour~ and then t reated an add i t iona l  

2 hours with pure ammonia at 623 K. A decreased ve loc i t y  ~ange 

has been employed to improve reso lu t ion  and to emphasize the 

doublet peak. This doublet is charac te r i s t i c  o~ high ni t rogen 

containing e/~-Fe2N., but i~ ~o longe~ v i s i b l e  a?ter  carbur iza-  

t ion. Figure 3b shows the M~ssbauer spectrum o~ t h i s  essent ia l lg  

p u ~  ~-Fe~N ~ t e r  4 hou~ o~ ~eactio~ in 3H~/CO ~t 5~3 K. 

A comparison o~ th is  spectrum against ~igure lc,  the spec- 

trum o~ the bulk "~" n i t r i d e  a~ter react ion,  ~how~ several no t ice-  

able di f ferences.  The peaks appearing in the l a t t e r  spectrum at 

ve loc i t i es  -2.5 and 3.0 mm/s a~e e i ther  absent or severelg 

reduced ~n i n t e n s i t g  in the ~ n i t , i d a  ~pectra. Furthermore, £ ig -  

ure lc sho~s a spectrum ~i th a spectra l  area 15-20% greater than 

that shown in ~ n i t r i d e  spectra (~igure 3b>.  Clear lg  a£te~ a 4 

hour react ion period these ca ta lgs ts  s t i l l  have d i f f e r e n t  chemi- 

cal s t ruc tu res .  Computer ~ i t t i n g s  o~ spectra are in progress to 

help ident i£g the cont r ibut ing components in these and other 
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n i t ~ i d e  samples. The in f luence of the d i f f e r e n t  n i t r i d e s  on 

a c t i v i t y  and products on the CO hydrogenation ~eaction i s  con- 

side~ed below. 

TABLE I 

I n i t i a l  a c t i v i t y  Data ~o~ Unsupported Catalysts 

Fe Fe 4 N 

Amt. ca ta lgs t  precurso? . I g  . i g  

?low ~ate H2/CO (mllmin> 60 60 

min. a~te~ i n i t i a t i o n  o~ run 2.5 3.5 

CO co~ver~io~ to  CH 4 (~) 1.35 0.53 

C~H 6 0.15 0.15 

C3H 8 0,12 0.04 

C~H 4 ~.d.  0.09 

C3H 6 ~.d 0.~6 

n . d .  - not detectable 

2 .~ .3  Kinet ic  Results 

In t h i s  stage o~ experimental work, the steady state 

Fi~cher-Trop~ch (FT> sgnthe~i~ behavior o? ~-Fe~-Fe4N~-Fe~N 

and Fe/Carbolac was studied. The resu l ts  o~ t h i s  study can be 

separated into two regions, an i n i t i a l  (.ClOmin) region o~ FT 

sgntKesis and a slow development (~Sh?s) region. In a l l  cases 

the ox id i zed  ca~alg~t p~ecu~o~ was reduced in  ~lowing H 2 at 

400°C ?o~ at lea~t 4 h~s, Sur?ace area determinat ion o? the 
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~educed ca ta lys t  is in p r o g r e s s .  

During the i n i t i a l  minutes o~ FT synthesis ove~ iron and a l l  

o~ the i ron n i t r i d e s  studied, the a c t i v i t g  started lou and 

increased, reaching a maximum during the ~irs~ hour o~ synthesis. 

In the case o~ iron, this behavior could be explained bg the 

"competition" model, uhere carburization competes uith hydrogena- 

tion ~or active adsorbed"carbon. The competition model can also 

account ~or the n i t r i d e  behavior, but a mo~e thorough analgsis oF 

~eactioT, o~ ~ur~ace ~it~.0gen w i th  H~ ITSlmt~t be u~de~taken be?ore 
I 

fiPm conclusions can be reached. 
i . 

I 

Table 1 l i s t s  the C0 conversion to various p~odZucts during 

t h e  i n i t i a l  ~ e g i o n  o~ a c t i v i t y  ~or  t h e  u n s u p p o r t e d  c l a t a l y s t s .  As 

~ound i n  p u b l i s h e d  ~esu l~s ,  uns .uppor ted  i r o n  p r o d u c e s  an abun-  

dance oD' methane iT, thi._=- r.egioT,. In contr.ast, the ~Fe4N p~o- 

duces a u ider  range o~ products. I t  appea~s that the n i t r i d e  

surface is hydrogen de f ic ien t  during the i n i t i a l  minutes o~ sgn- 

thesis, perhaps due to a competit ion ui th hydrogenation of sur- 

Pace nitrogen. Transient experiments mi l l  elucidate th i s  possi- 

b i l i t y .  

Figure 4 shows the conversion and o le~ in /pa ra~ in  ra t i o  

~esult~ ~o~ unsupported Fe and ~-Fe4N. Both catalgst~ we~e 

prepared ~om . I g  o~ the iron oxide precursor, and were subjected 

to the same react ion condit ions. Note that because o~ the very 

low conversion and Small chromatograph peaks, the ~i~st  

o l e~ in /pa ra~ in  data points ~or i ron mere not resolvable. I t  is 
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c.leae, houeve~, that  e~/en at longe~ times the product ion oiF pro- 

p t l l e n e  i s  s i g n i t ~ i c a n t l ~  e n h a n c e d  i n  t h e  n i t ~ i d e  c o m p a r e d  t o  p u r e  

i ron.  

F igure  5 ~how~ the k i n e t i c  re~u l t~  o~ sgnthe~is  ove~ ~'-Fe4N 

made from ~5 mg o~ the i ron oxide precurso~ and ~un in the 

MBssbaue~"~eactor. The data ~'e@lect the same trend as the 

r e s u l t s  ~or the n i t r i d e  in  @igure 4. The ove ra l l  a c t i v i t y  goes 

through a maximum and slo~l~ drops, and the r e l a t i v e  d i f ference 

between the  C3 and C~ ol@~in to  p a r a f f i n  r a t i o  i~  the same. 

Since the conversion in t h i s  sample is less than ~or the n i t~ ide  

in @igure 4, the o le@in/pa~a~in r a t i o s  are accord ing ly  higher. 

The ~ho~t time data pc, i n t~  Fo~ C 3 and C 4 were al~o unat ta inab le  

because o@ the lo~ i n i t i a l  conversion. 

The carbc, lac-muppoT, ted ~'-Fe4N shows both a c ~ i v i t g  and 

s e l e c t i v i t y  trends d i s t i n c t l g  di~@erent ~om.those o@ the bulk 

n i t r i d e s  under ~ i m i l a r  r eac t i on  cond i t ion~.  In  cont ras t  to the 

a~d ~t bulk pha~e r e a c t i v i t g ,  the a c t i v i t g  oF the carbolac 

c a t a l y s t  reaches a steady maxim:um a f te r  the ~ i r s t  ~i~teen minute 

period. This s t a b i l i t y  i s  f u r t h e r  re~lected in  the c a t a l y s t ' s  

product s e l e c t i v i t y .  The time depend~nt Ci-C4 p~oduct d i s t r i b u -  

t i o n  i s  sho~n in f i gu re  6. This comparison o@ s e l e c t i v i t i e s  at 

increas ing react ion times c l ea r l g  sho~s the s tab le  nature o~ the" 

c a t a l y s t  a@ter the i n i t i a l  hal@ hou~ tT'ansient period. We intend 

to i nves t i ga te  t h i s  phenomenon more completely by considering 

Fe/SiO 2 ca ta lgs t~  in  o~de~ to d i F ~ r e n t i a t ~  bet~,een bulk and ~up- 

po~ted i ron  n i t r i d e  k i ne t i c  t~ends. 
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FUTURE RESEARCH 

Our f i r s t  task i s  to complete the s tud ies  o f  the s t a b i l i z e  

and k i n e t i c  c h a r a c t e r i s t i c s  o~ the i ron  n i t r i d e  phases. In  v ie~ 

o~ the r e s u l t s  obta ined f o r  i ron  on carbon, He w i l l  compare the 

behavior of the unsupported i ron  n i t r i d e  phases to t ha t  ~or i~on 

n i t r i d e s  on s i l i c a  and carbon. Studies of the sho~t time 

(minutes) k i n e t i c s  over these c a t a l y s t s  w i l l  u t i l i z e  the t~an-  

s i e n t  k i n e t i c  f a c i l i t i e s .  By using isotopes,  ma te r ia l  balances 

and t r a n s i e n t  ~esponses we expect to e l uc ida te  surface n i t r ogen  

s t a b i l i t g  and e ~ e c t s  o~ the presence o~ n i t r ogen  on the 

s to i ch iomet rg  o~ the adsorbed phase and k i n e t i c s  of the surface 

reac t ions .  . .  : .  

Together these s tud ies  should provide a thorough e v a l u a t i o n  

o@ the c a p a b i l i t i e s  and p o t e n t i a l  o~ the i r on  n i t r i d e s  ~o~ sen- 

thes is  a t  1 atmosphere. With t h i s  in fo rmat ion  secured we m i l l  

decide whether to pursue h igher  sgnthes is  gas p~essu~es o~ con- 

t i ~uous  a d d i t i o ~  o~ NH 3 to the Feed ga~ du~ing reac t i o~  i~  o~der 

to f u r t h e r  a l t e~  product s e l e c t i v i t u .  

I ,  

5. 

. 
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