
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIII 
DE83011889 

e 

N 
, O n e  S o u r c e .  O n e  S e a r c h .  O n e  S o l u t i o n .  

CO + H SUB 2 REACTIONS OVER 
NITROGEN-=MODIFIED IRON CATALYSTS. 
QUARTERLY TECHNICAL PROGRESS REPORT, 
JANUARY 1, 1983-MARCH 31, 1983 

PURDUE UNIV. 
LAFAYETTE, IN 

1983 

U.S. Department of Commerce 
National Technical Information Service 



One Source.  One Search.  One Solution.  

P r o v i d i n g  P e r m a n e n t ,  E a s y  A c c e s s  
to  U.S.  G o v e r n m e n t  I n f o r m a t i o n  

National Technical Information Service is the nation's 
largest repository and disseminator of government- 
initiated scientific, technical, engineering, and related 

business information. The NTIS collection includes 
almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magneti(: tape, diskette, multimedia, microfiche 
and paper. 

~:::~!i H '!i ~i: ~:,~ 

Search the KITIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Link to Full Text Documents at Government Web Sites 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of thebibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U,S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



DE83 011889 

D E 8 3 0 1 1 8 8 9  " 

I IIIllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

DOE/PC/50804-2 

CO + H 2 Reac~£ons Over 

Ni t rogen-Modi f ied I ron  Cacalys~ 

Q u a r t e r l y  T e c h n i c a l  P r o g r e s s  Repoz '~ 
for the Pero£d J a n  1 ,' 1983 - March 31, 

W. Richolas Delga~s 

Purdue University 
W e s t  Lafzyette, Indiana 4 7 9 0 7  

PREPARED FOR 

U . S .  DFPARTMI~ OF ENERGY 

1983 

DISCLAIMER 

N e ~ =  t ~  Unh~l Stst~ ~ nor any sg=~-y tbm~, .o~ L.y of tl~r 
¢ m ~ c s ,  makes ~my ~m~my,  = p n ~  or ~ p ~ ,  or mmm~ a~y k ~ l  l ~ y  ~ ~ 
b ~ y  fo~ m¢ accum~, compkcco¢~ or m e f ~  ~ a u y  infeemtiou, ~ ~ or 
pt~ocss d~c los~  or ~ t s  ~ ~ me ~ d  no¢ ~afring¢ l~ i~¢ ly  owned ~ h ~ .  ~ -  

umnnfacmr~, o~ ~ does not u~cm~y  ¢ ~ s t i ~  o~ imply i~s ~ r=om- 
me~aio~ m: ~ by tb~ Un~ed Sin= Oo~mucut ¢~ aw~aSm~y ~ T ~  vk~  



Disclaime~ 

T h i s  ~ e p o r t  was p r e p a T e d  a s  an  a c c o u n t  oF w o r k  s p o n s o r e d  by 

the United States ~overnment. Nei ther  the United States no~ any 

a g e n c y  t h e r e o F ,  n o r  a n y  o~ t h e i r  e m p l o y e e s ,  makes  a n y  w a r r a n t y ,  

e x p r e s s  o~ i m p l i e d ,  o~ a s s u m e s  any  l e g a l  l i a b i l i t y  o r  r e s p o n s i -  

b i l i t y  ~o~ t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  o r  u s e f u l n e s s  o~ any  

i n f o r m a t i o n +  a p p a r a t u s ,  p r o d u c t ,  o~ p r o c e s s  d e s c r i p t i o n  d i s - -  

c l o s e d ,  o r  r e p r e s e n t s  t h a t  i t s  use  w o u l d  n o t  i n f r i n g e  p r i v a t e l y  

owned ~ i g h t s .  R e ~ e r e n c e  h e r e i n  t o  a n y  s p e c i f i c  c o m m e r c i a l  p ~ o -  

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

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~ i m p l y  i t s  e n d o r s e -  

m e n t ,  ~ecommendation, o~ Favoring by the United States ~ove~nment 

o~ any agency the~eo~. The views and opin ions o~ authors 

expressed herein do not  necessa r i l y  s ta te  or ~e~ lec t  those o~ the 

United States Government o~ any agency the~eo~. 



o r .  

111 

TABLE OF CONTENTS 

D i s c l a i m e r  

TABLE OF CONTENTS. 

L I S T  OF FI~R~ES 

LIST OFTABLES 

ABSTRACT 

. OBJECTZVE AND SCOPE 
1 . 1  B a :  kg l -ound 
1 . 2  O b j e c ~ £ v e s  

. TECHNICAL PROQRESS 
2 . 1  L i t e r a t u r e  Review 

2. I .  1 Advantages oF N i ~ i d e d  I~on C a t a l y s t s  
2. I . 2  H~ssbaue~ E ~ e c ~  C h a r a c t e r i z a t i o n  

o~ Z~on N i t~¢des  
2 . 2  Summary o~ ResuICs 

2 . 2 . 1  P~eI£mina~g H~ssbauer S t u d i e s  
2 . 2 . 2  Ac~ iv iCg and S e l e c ¢ £ v i t 9  
2 . 2 . 3  I n i t i a I  K i n e t i c  S i m u l a t i o n s  

3. FUTURE RESEARCH 

4.  REFERENCE~ 

. APPENDICES 
5. 1 Repose D i s t r i b u t i o n  L i s t  
5 . 2  DOE Fo~m RA 427 

~v 

~v 

2 
2 
3 

5 
5 
5 
5 

6 
8 

11 
13 

20 

21 

23 
23 
2 5  

- - . .  - 

; ' -"  ' , ,  



";v 

F i g u r e  1 

F i g u r e  2 

F ig  u'r.e 3 

F i g u r e  4 

L I S T  OF FIC, URES 

H~ssbaue~ soec¢~a o f  n i ~ i d e d  and used i ~on  c a C a l v s t s .  

S e l e c t i v i t i e s  o f  n i t ~ i d e d  i ~ o n  c a t a l y s t s  t o w a r d  a l k a n e  
and a l k e n e  p ~ ¢ d u c t i o n .  

= 

S i m u l a ~ i o ~  o f  ~ a n s i e n t  ~esponse  o f  gas phase mole 
~ a c ~ i o ~ , . s  t o  a s t ~ p  ~T,om 3H2/CO/2He ~o H 2 

S i m u l a t i o n  o f  ¢ ~ a n s i e n t  ~esponse  o~ ~ a c ¢ i o n a l  s u b , a c e  
c o v e r a g e  ~o a ~cep fl-Om 3H2/CG/2He ~o H 2 

Page 

10 

12 

18 

19 

L I S T  OF TABLES 

T a b l e  1 

T a b l e  2 

H~ssbaue~ p a r a m e t e r s  o f  i ~ o n  n i t r i d e s  

Va lues  o f  ~ a t e  c o n s t a n t s  f o ~  k i n e t i c  s i m u l a t i o n .  

7 

16 



1 

The o b j e c t i v e  o f  + t h i s  woPk i s  t o  exam ine  t h e  e f f e c t s  o f  

n i~- l -ogen,  as  n i t ,  i d a  and as a gas phase r e a c t a n t ,  on h g 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  o v e r  i r o n  c a t a l U s t s .  T h i s  i s  ~h~ second 

q u a ~ e ~ l y  p e r i o d  o f  a t h r e e  uea~ p rog ram.  P r e l i m i n a ~ u  H E s s b e u e r  

and k i n e t i c  s t u d i s s  o f  b u l k  i ? o n ~ n i t ~ i d e s  s u g g e s t  t h a t  s e l e c -  

t i v £ t y  and s ~ a b i l ~ t y  o f  t h e  c a t a l u s t s  v a r y  w i t h  n i t r ~ d e  phase.  

P r o c e d u r e s  f o~  p ~ e p a r i n g  puTe phases  w i l l  be improved  so t h a t  

t h ~ s  ~ e l a t i o n s h i p  can be s t u d i e d  mo~e c l o s e l y .  Compu~e~ s i m u l a -  

t i o n  o f  t ~ a n s i e n t  k i n e t i c  r e s p o n s e s  has a l s o  been £ n i t i a ~ e d .  The 

r e a c t o ~  and k i n e t i c  d e s c r i p t i o n  i s  s t i l l  o y e ~ s i m p l i f 2 e d ,  b u t  

r e s p o n s e s  ~ u a Z i t a t i v e l y  s i m i l a ~  t o  t ~ o s e  e~pec~ed have bee~ 

a c h i e v e d .  
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SCOPE 

1. 1. BACKGROUND 

The f e a s i b i l i t g  o# u t i l i z i ~ g s ~ / n t h e s i ~  gas ( C O + H  2)  v i a  t h e  

F ische~-T~opsch  ~ e a c t i o n  pathway fo~ the p~oduc t i on  o f  f u e l s  and 

c h e m i c a l s  i s  ~ e l l  e s t a b l i s h e d .  The S~SOL v e n t u r e s ,  fo~ example, 

t ake  advantage o f  abundant  coa l  ~esou~ces t o  p~oduce both d e s i r -  

a b l e  s y n t h e t i c  a u t o m o t i v e  f u e l s  and bas i c  chemica l  f eeds tocks .  

The a p p l i c a b i l i t y  o~ these chemica l  t ~ a n s f o ~ m a t i o n s  i s  none the -  

l e s s  l i m i t e d .  The #~esent  p~ocedu~e ~equi~es e x t e n s i v e  p~ocess-  

ing i f  the  p~oduc t ion  o f  n o n - - e s s e n t i a l  byp roduc t s  i s  to  be 

avo ided .  The d i s c o v e r y  and subsequent  usage o~ improved 

c a t a l y s t s  ~ould t h e r e f o r e  be advantageous.  

E x p e r i m e n t a l  ~ e s u l t s  p u b l i s h e d  in  the  c u r r e n t  l i t e r a t u r e  

show t h a t  n i t~ 'ogen a f f e c t s  the  per formance oF i~on c a t a l y s t s -  

c a t a l y s t s  which ~ ind w idespread  use in  the F ische~-T~opsch s y n -  

t h e s i s  ~oute .  P ~ e n i t r i d i n g  o f  the  i~on c a t a l y s t  has been 

~epo~ted to  s h i f t  the p~oduc~ d i s t r i b u t i o n  to  one e x h i b i t i n g  

Io~e~ m o l e c u l a r  w e i g h t  f ~ a c t i o n s  and enhanced a l c o h o l  ~ i e l d s  (1 ) .  

O~ the othe~ hand, s imu l t aneo~  i~t~oduct io~ oF ammonia {NH3> 

w i t h  s y n t h e s i s  gas p~oduces n i t~ogeneous  compounds. Fu r the rmore ,  

and p~obably of 9~eate~ importance, t h i s  add i t i on  of  ammonia 

e f f e c t s  a ~ e d u c t i o n  i n  the  o v e r a l l  cha in  l e n g t h  o f  compounds i n  

the p~oduct  spect rum ( 2 , 3 ) .  I t  i s  o f  c o n s i d e r a b l e  i n t e r e s t ,  

t h e r e f o r e ,  t o  s tudy  these  and othe~ c h a r a c t e r i s t i c s  o~ n i t ~ i d e d  

i~on ca ta l ys ts  in o~de~ to gain a basic understanding of the i~  
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behavior. D i s c o v e r y  o f  t h e  ne~ pathways in Fische~- -T~opsch  sgn-- 

t h e s i s  a f f o r d e d  bV n £ t ~ o g e n  w i l l  add t o  t h e  f u n d a m e n t a l  knowledge 

~ m  ~ h i c h  ~ u t u ~ e  s ~ n t h e s i s - c a t a l y s t s  t a n  be d e r i v e d .  

I .  2 OB~CTZVES - 

The scope o~ t h e  p~og~am may be b~oken down i n t o  t ~ o  main 

a~eas o~ c o n c e r n .  F i ~ s t l y ,  c o n s i d e r a t i o n  m u s t  be g i v e n  t o  t h e  

r o l e  o~ t h e  s u b , a c e  n i t r o g e n  i n  

i .  a l te r ing  the product d i s t r i bu t ion  and 

i i .  s t ab i l i z i ng  catalyst a c t i v i t y  -; 

o~ the synthesis reactions. I n - ~ M E s s b a u e ~  studies, al~eadg 

in p~og~ess, w i l l  identi~y the ~a~iuus i~on ni t~ ide phases and 

a11ow ~o~ examination .~ thei~ s t a b i l i t y  du~ing ~eaction. The 

Mossbaue~ ~esults w i l l  ~o~m the basis ~o~ detailed k inet ic  t~ace~ 

experiments involving transient and isotope labeling analyses. 

Ultrahigh vacuum work using SIMS and AES ~ i l I  supplement the 

M3ssbaue~ and k inet ic  cha~acte~izationso 

The second a~ea o~ c o n s i d e r a t i o n  ~ i l I  i n v o l v e  t h e  k i n e t i c  
m 

and  c a t a l y t i c  e ~ e c t s  o b s e r v e d  d u r i n g  t h e  a d d i t i o n  oF a m m o n i a  t o  

t h e  s y n t h e s i s  g a s  s t r e a m .  T ~ a n s i e n t  work  w i l l  b e  i d e a l  Fo~ 

o b ~ ; ' ~ i ~ 9  i ~ i t i a l  a c t i v i ~  c h a ~ g e ~  o c c ~ i ~ 9  a ~  a ~ e ~ u l t  c ~  NH 3 

p u l s e s .  A long  w i~h  u l t r a h i g h  v a c u u m  s t u d i e s ,  t h e  t ~ a n s i e n t  

k i~et ic~ oF ~ 3  addit io~ m i l l  help clawing which ~-~eady ~-tate 

~q~e~iments -~oul~ be most -p~oduc~ve. -The -van-i~us -analytical 

m e t h o d s  ~i11 de~ine interactions between sub,ace and bulk 



4 

n i t r o g e n ,  and t h e i ~  ~ o l e  i n  e f ~ e c t i n g  new ~ e a c t i o n  path,~ags. 

The p~ima~y e x p e r i m e n t s  ~ h i c h  d e f i n e  ou~ ~ o u t e  t o  u n d e ~ -  

s t a n d i n g  ~ h i c h  p a r a m e t e r s  i n f l u e n c e  t h e  s e l e c t i v i t y  and a I t e ~  t h e  

a c t i v i t y  o~ s u n t h e s i s  ~ e a c t i o n s  mau, t h e r e f o r e ,  be o u t l i n e d  as 

i .  

i i .  

Mossbaue~ and simultaneous k ine t i cs  of p~enit~ided i~on 

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

b i l i t q  and t o  c o ~ e l a t e  t h e s e  phases t o  ~ e a c t i o n  s e l e c -  

t i v i t q .  The i n i t i a l  p~essu~e o f  one atmosphere may 

late~ be increased. 

~imila~ analysi~ oF the e f f e c t s  o f  add i t io~ o~ NH 3 to  

the ~eactant stream w i l l  be performed. 

i i i .  T ~ a n s i e n t  a n a l y s i s  and i s o t o p e  t~ace~  s t u d i e s  o~ s y n -  

t h e s i s  ~ e a c t i o n s  ove~ p ~ e n i t ~ i d e d  c a t a l y s t s  w i l l  d e t e ~ -  

mine sub,ace n i t~ ide  s t a b i l i t y .  The stoichiomet~y a t  

the surface and inf luence o~ n i tT i d i ng  on CO d issoc ia -  

t ion ~i11 be sought. 

i v .  U l t r a h i g h  vacuum a n a l y s i s  w i l l  examine s u b , a c e  * 

s t o i c h i o m e t ~ g  and ~ e a c t i o n  i n t e ~ m e d i a t e s .  Z n t e ~ a c t i o n  

between ~he n i t ~ i d e d  phases  and a d s o r p t i o n  bond 

~ e ~ g t h s  o f  CO and H 2 m i l l  be invest igated.  

v. The e f f e c t s  o f  NH 3 add i t i on  t o  t he~eac tan t  st1~eam miZ~ 

be s i m i l a r l y  ~ollowed by UHV and t~ansient t~ace~ StU- 

dies t o  d e t e r m i n e  p o s s i b l e  a l t e r a t i o n s  i n  ~ e a c t i o n  
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. .  

~ t ~ ; s  e ~ c ~ e d  b~ ~;he pT~Smce oF HH 3.  

Compute~ mode l ing  ~ i l I  be tmde~taken t o  a i d  i n  q u a n t i t ; a t i v e  

~n te~p~e~a t ion  o f  t ~ a n s i e n t  daCa. 

2 .  . .HN C L 

2. 1 LZ'i'E:R.,4TVRE: REV'rEI4 

2 . 1 . 1  Advantages o f  N i t T i d e d  I~-on C a t a l g s t s  

The t ~ a n s i t i o n  meta I  c o , b i d e s  and h i , r i d e s  can possess c e r -  

t a i n  c a t a l y t i c  advantages  ~ e l a t i v e  t o  t h e i ~  p a ~ e - t  ~ a n s i t i o n  

meta ls .  Recent l i t e r a t u r e  sho~s t h a t  both c a r b i d e s  and h i - - r i d e s  

can sometimes o f f e ~  b e t t e ~  s e l e c t i v i t i e s  and g~eate~ ~es i s~ances  

¢o p o i s o n i n g  b~ c a ~ b u ~ i z a t i o n .  In  a d d i t i o n ,  bet~e~ a c t i v i t y  

main tenance and o v e r a l l  s e l e c t i v i t ~  towards  18~e~ m o l e c u l a r  

~ e i g h t  p~oducts i s  e v i d e n t  i n  F ische~-T~opsch  s y n t h e s i s  ( 1 , 4 ) .  

Examples o f  these g~eate~ a c t i v i t i e s  and a l t e r e d  s e l e c t i v i ~ i e s  

have been ~epo~ted i n  the  p~ev ious  q u a r t e r l y  ~epo~t  (5 ) .  

2 . 1 . 2  Mossbaue~ E f f e c t  C h a r a c t e r i z a t i o n  o f  I~on N i t ,  i d e s  

A d e s c r i p t i o n  o f  ~he n i t r i d e  phases and me~hods fo~ t h ~ i ~  

pTepa~a¢ion have been Tepo~ted (5) .  The de t ; a i l ed  n i t ~ i d e  sC-ruc- 

tu~es,  a l t h o u g h  p a r t i a l l y  c h a r a c t e r i z e d  b~ ~he X- ray  s t u d i e s  ~ f  

Jack ( 6 , 7 ) ,  a~e s t£11 n o t  comprehens ive ly  unders tood .  MBssbaue~ 

e f f e c t  and m a g n e t i z a t i o n  measurements a~e c o n t i n u i n g  t o  add ~o 

t he  u n d e r s t a n d i n g  o f  ~hese c a t a l y s t s .  
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Nozik et a l .  C8) have s tud ied the ~'-;:e~N n i ~ i d e  mhile 

Bainbridge et a l .  C?) and Chabanel et al .  (10) have used 

M~ssbaue~ spectroscop~ and magnetization measurements on the 

e-Fe~N/~-Fe~N n i t~ ide~ .  Work on the ~-FeN ~ i t ~ i d e  ha~ been pe~- 

• o~med b~ v a r i o u s  a u t h o r s  ~o~ v a ~ i n g  n i t r o g e n  c o n t e n t s .  E i c k o l  

and P i t c h  (11) have re.~,.a1".ched t h e  ~-Fe3.2N pha~e mhile Chew et 

a l .  C12) have conc~nt~ate~ upo~ the (-Fe~.69N and $-Fe~.47N 

phases.  The pr ima~U ~ e s u l t s  o~ t h e s e  i n v e s t i g a t o r s  a~e p~esen ted  

i n  T a b l e  One. As a r e s u l t  oF t h e i r  wo~k~ E i c k e l  and P i t s c h  (11 )  

p~esen t  a s t r u c t u r a l  model ,  o ~ i g i n a l l u  d e v i s e d  bU Weine~ and 

Be~ge~ C13), as a~ update on the model #o~ ~-i1~n ~ i t ~ i d e  ~o1~u-- 

l a t e d  by Jack  ( & , 7 ) .  Chen e t  a l .  (1~) have p~oposed a d i f f e r e n t  

model ~or  t h e  same sys tem.  

The d a t a  ~ o m  T a b l e  One i n d i c a t e  t h e  d i s c r e p a n c i e s  between 

the cha rac te r i za t i on  and modeling oF the e-FexN phase .  Ag~eemen~ 

has not been reached on the pos i t i on ing  o# the n i t rogen atoms in 

the n i t ~ i d e  l a t t i c e ,  or on the MBssbaue~ cha~acte~izat i0n oF 

s t r u c t u r a l  a~ ig~me, ts .  Zde~t iF ica t i~n oF the ~ and ~ phases 

does appea~ s t ra igh t fo rward ,  however. Attempts ~o p~oduce these 

pure pha~es ere i~  p~og~es~. Analgses o~ the e phase and po@si- 

ble compl icat ions oF supe~pa~amagnetism ~i11 be par t  of ou~ 

f u t u r e  r e s e a r c h .  

2 . 2  SUI"rlARY OF RESULTS 

Bo th  6 £ r s t  y e a r  ~eseache~s  have now ~ u l ~ i l l e d  t h e i ~  co re  

c o u r s e  and t e a c h i n g  o b l i g a t i o n s  and a~e b e g i n n i n  9 ~ u l l t i m e  
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~esea~ch f o ~  t h e  summe~. The u p g r a d i n g  o f  t h e  M~ssbaue~ 

A p p a r a t u s  has been compZeted and w i l ;  a c c e Z e ~ a t e  ou~ M~ssbauer  

s t u d ~  c a p a b i l i t i e s  s i g n i f i c a n t l y .  He 4 i s c u s s  h e r e  p r e l i m i n a ~ g  

M~ssbaue~ ~esults and i n i t i a t i o n  of ¢ompute~ simulat ions o~ t-ran-- 

s i e n t  k inet ics.  The simulations to date ¢onside~ the sub,ace 

~ e a c t i o ~  oF CO and H2 on a ~ imp l is t i~  l eve l ,  but w i l l  Fo~m the 

basis ~o~ development o~ cuan t i t a t i ve  analyses of ou~ t~ansient  

data. 

2.2.1 P~el imina~ Mossbaue~ Studies 

The b u I k  i ~ o n  n i t ~ i d e  c a t a l g s t s  were  p~epa~ed ~ o m  a p h u s i -  

cal  mi×tu~e oF 30 m~ o# ¢-FeiO 3 wi th  aTO mg o f  SiO 2 as a dilUeT~. 

The mixed powder ~as dampened with dist~11ed wate~ to ~ a c i l l i t a t e  

mechanical p~essing in to  a wafer. The wafe~ was then d~ied in 

the M6ssbauer c e l l  For h a l f  an hou~ at 120°C in  FlowiT~ H~. 

Further ~eductio~ in  pu~e H~ was peT-FO~med ~b 4¢~°C ~o~ an addi -  

t i o n a l  4 hou~s. The n i t ~ i d i ng  p~ocedu~e consisted 0~ exposing 

the ~ r  t o  v~r ious P lo~a te~  of  NH 3 a~d H 2 at temperatures o f  

between 350 and 400°C. Room temperature M~ssbaue~ spectra were 

t h e n  o b t a i n e d  upon c o m p l e t i o n  ¢ f  t h e  n i t ~ i d i n g  s t e p s  and s u b s e -  

q u e n t  ¢ e l l  c o o l i n g .  The F i¢c '~e~-T~opsch  s y n t h e s i s  1 - e a c t i o n s  were  

t h e n  s t a r t e d  ~ i t h  a s w i t c h  t o  an He c a ~ i e ~  gas which c o n t a i n e d  

the Hi/CO ~eactant mixture.  The t o t a l  reac t ion  ga~ Flomra~-e ma~ 

maintained a t  150 ml/min, while t ha t  of CO ~as a t  10% a~ t h i s  

t o t a l .  H~/CO r a t  io~ ~e~e ~ha~ed ~ j  -aLte~-i~g -t~e -~ela~.ive 

amo~nnt~ o-~ H~ a~d He i~ the  i~eed s~ream. AFte~ the ~eactic~n 
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s t u d y  was c o m p l e t e ,  t h e ~ c a t a l y s t  was c o a l e d  and t h e  M ~ s s b a u e r  

s p e c t r u m  a g a i n  ~=coRded. 

The p r e p a r a t i v e  methods used t o  a t t e m p t  t o  p r o d u c e  a pu re  

( - i~on  n i t ~ i d e  were thoseprese~ted  b g ~ u c h a r d  et a l .  (14). The 

~educed ~FeR u~s n i t ~ i d e d ~ o ~  3.25 h r a t  400°C w i th  ammonia and 

hydrogen ~lo~rates at  200 ml/min and at  15 ml/min respec t ive ly .  

We expected to obtain an i ron n i t r i d e  high in n i t rogen content 

(Fe2.2N to  Fe2.5N), but the M~ssbauers1~ect~um o ~ t h i s  catalg~-t 

did not e x h i b i t  the an t i c ipa ted  room temperature magnetic sp l i t - -  

~:~ting. This may be i nd i ca t i ve  o~ the very high n i t rogen contain-- 

i~g ~ -~ i t~ i de ,  o~ mag a~ise #~om small size~ ~upe~pe~amagnetic 

pa r t i c l es .  Figure la shows the appaTent s ing le  peaked spectrum 

obtained ~rom thxs wa~e~. Fische~-Tropsch synthesis condi t ions 

o9 250°C For 6 h ~  in a CO:H2:He = 1:3:6 ~low were then i ~ t i - i  

t u t e d .  The M~ssbauer spectrum, shown in Figure lb, was obtained 

a t  room temperature upon completion o~ the synthe'sis react ion. 

This spectrum sho~s a magnet ical iy  s p l i t  pat tern which may be due 
. +  

to the 9o~mation o~ a ca rbon i t r i de  s t ructure.  The charac ter iza-  

t i on  o~ the ca rbon i t r i de  phases has not yet been star ted.  

A c c o r d i n g  t o  Anderson  ( 1 ) , , c a r r y i n g  out .  t h e  n i t ~ i d i n g  a t  

400°C Fo~ o~I~ o~e hou~ i~ a ~lOW o~.2~D ml NH3/hR and 50 mZH~/hr 

should p~oduce a low-nit~oge~ ~ - n i t ~ i t e .  The ~oom temperature 

MSssbauer spectrum ~o~ the sample ~eceiving t h i s  treatment, F ig -  

u re  l c ,  ~hom~ the ~ese~ce  o~ l i m i t e d  ~uan t i t i e~  o~ the ~-Fe4N 

i ~ d ~ t i o n  to  the ~ pha~e. • The presence oF e - ~ i t r i d e  i~ i ~ d i -  

cared by the sextet  ~ i th  an H = 245 kOe, and two sma11 shoulders 
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Figure 1. Room Temperature MSssbauer Spectra o f  ~Fe203/Si02,  reduced 
4 hrs in H2 at 400°C. A} after 3.25 hrs nitriding at 400°C 

and E] after 6 ~rs FTS at 250°C C] after I hr nirridinE aE 

550°C and D) an additional 2 hr nitridi,g at 40O°C ~Id then 

6 hrs PTS ~t 250©C. 
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at  300 kOe. The approximate n i t ~ i de  phase compositions a~e 

estimated to  be 15-20~ ~ -Fe4Na~d  80-85"~ ~-FexN. R ~u1~the~ 

n i t ~ i d i n g  fo~ 2 add i t i ona l  hours at  ~dent ical  condi t ions p?oduced 

l i t t l e  change in the M~ssbaue? spectrum o~ t h i s  cata lys t .  The  

spec~um a~ te~  FTS, shown i n  F i g u r e  l d ,  d e v i a t e s  o n l y - s l i g h t l y  

~ o m  t h a t  o b t a i n e d  a ~ t e ~  t h e  e x t e n d e d  n i t ~ i d i n g .  C a ~ b o n i t ~ i d e s  

may; ho~eve~, be ~ e s p o n s i b l e  ~o~ t h e  peak occu~ing a t  be tween 3 -  

3 . 5  mm/s i n  t h i s  F i g u r e .  

The M6ssbaue~ ~ e s u l t s  t o  da te  c o n f i r m  t h a t  v a r i o u s  b u l k  

i ~ o n  n i t ,  i d e s  can be i d e n t i f i e d .  The c h a r a c t e r i z a t i o n  o~ t h e  

c a ~ b o n i t ~ i d e s  e n c o u n t e ~ e d ,  d u ~ i n g  F i s c h e ~  T~opsch s ~ n t h e s i s  ma#; 

homered,  be mo~e d i f f i c u l t .  The p ~ e p a ~ a t i o n  o0 t h e  pu~e n i t ~ i d e  

phases  appea~s n o t  t o  be as ~ a c i l e  as ~ e p o ~ t e d  b~ o t h e r s  ( 1 , 1 4 ) .  

Thus,  some a d j u s t m e n t s  i n  p ~ e p a ~ a t i o n  p~ocedu~e u i l l  be made t o  

improve phase pu~it~ so tha t  ~ e a c t i v i t y  studies o~ the i nd i v i dua l  

phases can be undertaken. 

2 .2 .2  A c t i v i t y  and S e l e c t i v i t y  

These i n i t i a l  k i n e t i c  s t u d i e s  have shown t h e  i ~ o n  n i t ~ i d e  

phase~ p~epa~ed to  have di??e~in9 a c t i v i t i e s .  The combined ~ a~d 

~" pha~e- ~ecoT-ded a maximum act i v i t g  o'F" 7.7 x 10 -5 9mo1 CO 

conve~ted/min, g Fe a~te~ O: 65 hours o~ FTS. This late~ decreased 

by mo~e than 50Y. to 3 .6  x 10 -5 gaol CO converted /m i~ .9  Fe aFte~ 

3.55I i~-FTS. -T~-e-C~t-al~-s-t-~b-~a~.e-d a-~te'r a-3.-"~3-hou't" n i t ~ i d i n g  

w i t h  lowe~ H;~ p a r t i a l  p~-e~sul-e al~o appea~ed t o  ~each maximum 

. a c t i v i t y  a~te~ O. a5 hours o~ FTS. This c a t a l y s t  exhibi ted an 
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CZ C2 C3 C4 Cl Ca C5 C4 

2a) 2b} 

C1 C2 C5 C4 C1 C2 C5 CA 

s ~  sb) 

C1 C2 C5 C4 C1 C2 C3 

KEY_..3_: mR -% Alkane ~ -% Alkene 

CA 

Figure 2. Selectivities of hi,tided iron catalysts toward alkane 

and alkene production. All catalysts ~Fe205/$i02 reduced 

-in-H 2 4 hr at-4OO"C, nit,ideal, -then ~ubjecte~ to -3CO/~ 

at 250°C i] nirrided 3.25 hr in 13.3 N~/~ at 4000C then 

PTS for a) .067 hr and b] .65 hr 2) nitrided 4 h~ i~ ~ 

4 NHs/H 2 az 400OC then PTS for a] .067 hr and b) 3.55 hr 

5~ niZrided in 4 NH3[ ~ for 5 hr at 5S0°C and 2.5 hr at 

400°C then FTS for ;a) .067=hr and b) 0.65 hr. 
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a c t i v i t g  oF 3.? × 10 -5 gmol CO converted /mi~.g Fe at that time. 

+ '+ , .  : 

The n i t r i d e  p h a s e s  p r e p a r e d  so ~ a r  g i v e  d i s t i n c t  s h a p e s  ~o~ 

t h e  c o n v e r s i o n  o~ CO v e r s u s  t i m e  c u r v e s .  A mazimum a c t i y i t y  peak  

a p p e a r s  t o  be p r e s e n ~  ~ o r  t h o s e  c a t a l y s t s  c o n t a i n i n g  m o s t l g  

s-FexN. The cata l~- t  characterized as containing mo~tlg ~'--Fe4N, 

on t h e  o t h e r  hand~ e x h i b i t s  an e x p o n e n t i a l  t y p e  decay i n  

a c t i v i t y .  T h i s  a s p e c t  o~ k i n e t i c  c h a r a c t e r i z a t i o n  w i l l  be e x a m -  

i n e d  more  c l o s e l y  i n  ~ u t u r e  w o r k .  

t ions are encouraging as theg suggest the existence 

ca ta l y t i c  properties ~or the indiv idual  n i t r ides.  

F o r  t h e  s h o r t  F i s c h e r  T ~ o p s c h  s y n t h e s i s  r u n s  ~ e p o r t e d  a b o v e ,  

the s e l e c t i v i t i e s  oF the ~-Fe~N and ~'-Fe4N ~i t~ ides appea~ to 

#avo~ 9~eater oleFi~ p~oduction compared to the E-FexN. The 

l a t t e r  n i t r i d e  has a product d i s t r i bu t ion  shif ted towards lowe~ 

hydrocarbons compared to the ~ormer two. These se lec t i v i t y  com- 

parisons a~e detailed in Figure 2, where data was taken at 

approximately e;uivalent  CO conversions. These k inet ic  indica- 

o~ d i f ferent  

2 . 2 . 3  I n i t i a l  Kinet ic Simulations 

I n  o u r  i n i t i a l  k i n e t i c  m o d e l i n g ,  i t  was o u r  p u r p o s e  t o  

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

r e a c t i o n  

CO + 3H 2 ) CH4 + H~O, 

• t h e  s i m p l e s t  o f  t h e  c o m p I e x  F i s c h e R - T ~ o p s c h  ~ e a c t i o n s .  As 

d e v e l o p e d  up t o  now, t h e  p r o g r a m  mode ls •  t h e  r e a c t o r  as  a CSTR ( o r  
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d iFFerent ia l  PFR), an~ determines the concentrat ion oF a l l  

species du~ing a t~ansient  pulse. A number oF CSTRs in ser ies 

can approximate the behavio~ oF an in teg?al  PFR, which i s  mo~e 

appl icable to veT9 ~ast ~eactions such as CO chemiso~ption. The 

next phase o~ oor compote~ modeling w i l l  include th i~  capab i l i t y .  

The current model involves the well-known equations t ha t  

describe a CSTR, with the ~eaction mate modeled by a ser ies o~ 

elementa~ k ine t i c  steps. W~iting e~uations ~o~ the mater ia l  

balance on each k i n e t i c  species generates d i f f e r e n t i a l  e ;uat ions 

describing the time der iva t i ves  o~ a l l  species concentrations. 

These e~uations a~e nume~icall~ integrated on the comp~te~ by 

means oF the ~ea~ method, which is  p a r t i c u l a r l y  useful ~o~ s t i f f  

systems oF diFFe~ential ecuations. 

T h e  d i f f i c u l t  t a s k  o~ t h i s  p ~ o c e d u ~ e  i s  c h o o s i n g  t h e  p a ~ t ~ c -  

u l a ~  s e q u e n c e  o~  m e c h a n i s t i c  s t e p s  ~ o ~  t h e  m o d e l .  B e l l " s  ( 1 6 1  

~eview oF the c a t a l g t i c  sgnthesis oF hydrocarbons discusses v a r i -  

ous methanaeion mechanisms, and he supports the #o~mation c~CH 4 

v ie  successive- a d d i t i o n  o~ su~ace hgd~ogen to  a CH x acL~o~bed 

intermediate. The mechanism is p~oposed as 9ollows: 

CO ÷ S ~ " C 0 $  

COS + S ~ - - - - - - ' -~CS + OS 

HS ÷ OS .~ OHS ÷ S 

+ 

. . CH3S ÷ 3HS .. + 3:5 

( 1 )  

( 2 )  

( 3 )  

( 4 )  

( 5 )  

( : 6 )  
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÷ .s c. 4 ÷ s (7)  

Note t ha t  t h i s  modeZ ~equi~es t h a t  CO d i s s o c i a t e  on the sub-  

. a c e  t o  Zead t o  t h e  CH x i~te~mediate$ a ~tep cons idered  l i k e Z g  

ove~ many c a t a l y s t s  (Fe,  Co, N i )  ( l & ) .  

The ~ o l l o w i n g  a s s u m p t i o n s  we re  used t o  e s t i m a t e  ~ a t e  c o n -  

s t a n t s  FOr the  s i m u l a t i o n  ~ e s u l t s  p ~ e s e n t e d  he~e: 

1. CO a d s o r b s  as  o ~ t e n  as a m o l e c u l e  h i t s  an empty s i t e .  

8. steps (4) and (6) a~e in e ~ u i l i b ~ i u m  

. t he  ~ a t e  oF h y d r o g e n a t i o n  oF C-S i s  a b o u t  e ~ u a l  t o  t h e  r a t e  

0F CO-S d i s s o c i a t i o n .  

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

p ~ e s e n t e d  i n  T a b l e  2. 
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Tab le  

Va lues  o~ Rate C o n s t a n t s  ~o~ K i n e t i c  S i m u l a t i o n  

Th~at____~eeauation$ 

~1 = k1(CO>K5) - k - i ( C O S )  

~2 = k2KCOS)(S) -- k - 2 ( C ~ ) ( O S )  

r 3 = k3(H2>KS)2 - -  k_3KH5)2 

r 4 = k4EHS)2 (OS) / ( 5 )  -- k 4KH20)(S)  

~5 = k~ ( $ ) ( H s ) @ / ( s ) 3  -- k - 5 ( C H 4 ) ( S )  

A l l  v a l u e s  i n  ( ) a~e mole @~act ions o r  ~ a c t i o n s  o~ s u r f a c e  

cove~ed~ a r e  r a t e s  i n  u n i t s  oe 1 /see.  

The r a t e  c o n s t a n t s  

k I : .4 × 10 2 

k _ l  : 2 . 4  × 10 3 

k 2 : 1 .2  x 101 

k_2 = 2 . 4  x 10 4 

k 3 = 5 . 3  x 10 2 

k_8 = 1 .6  x %0 4 

k 4 = 2 . 8  × 101 

k_4~O 

k 5 = 1 .8  x 10 - 2  

k_5~O 
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Ra~es (4 )  and (5 )  c o n t a i n  (S)  i n  t h e  d e n o m i n a t o ~  because o~ 
r 

t h e  a s s u m p t i o n  o~ e R u i l i b ~ i u m  i n  s t e p s  (4 )  and (6 )  i n  t h e  model .  

S i n c e  ¢S) i s  a l w a y s  s m a l l ,  t h e  m e l a t i v e  m a g n i t u d e s  oF c a r e  (2 )  

(CO d i s s o c i a t i o n )  and mate (5 )  ( h y d r o g e n a t i o n  o~ C--S) a~e made 

app~oximatelg e~ual b9 the choice o~ the ~ate co~-t~nt~ k 2 and 

k 5 . Note that  the  acL~o~ptio~ oF htjd~oge~ i~  l i m i t e d  by t h e  

~e~uimement o~ two empty s i tes ;  and i t s  ~ate o~ adsorpt ion is  

small compared to  that  o~ CO. 

F igure C~> ~hows the mesult o~ a ~-tep to  pume H~ ~eed ?~om a 

~-teadg ~-tate ~eact ion mi×tu~e w i th  3:1:~ CO/H~/He ~eed. The p lo t  

shows o u t l e t  c o n d i t i o n s  o~ t h e  CSTR. The ~emoval  o~ He d e n o t e s  

t he  s t e p  change i n  t he  i n l e t  s t r eam.  B e f o r e  t h e  s t e p ,  COS n e a ~ l y  

c o m p l e t e l y  cove~ed t h e  s u b , a c e  (see  F i g u r e  4) .  Wi th  t h e  remova l  

o~ CO ~om the ga~ pha~e, H~ has a~ oppo~tunit~ to  adsorb, thus 

increasing the mate of methane p~oduction untiZ the carbon is  

used up. These mesults ~eglect ~ u a l i t a t i v e l y  what has been 

observed expe~imentally on Co and Rh cata lys ts  in oum labomato~y. 

F i g u r e  (4)  shows t h e  s u r f a c e  covemage v a l u e s  t h a t  a~e a l s o  

pmed i c t ed  by t h e  compute~ s i m u I a t i o n .  Once ~ a t e s  oF i n d i v i d u a l  
o 

s t e p s  ame detemmined v i a  t r a n s i e n t  and i s o t o p i c  expemiments, t h e  

s i m u l a t i o n  can g i v e  q u a n t i t a t i v e  i n f o r m a t i o n  on s u b , a c e  covemage 

and may s u g g e s t  new t e s t s  o~ a p a ~ t i c u l a m  k i n e t i c  d e s c r i p t i o n .  

Gum g o a l  i s  t o  combine c a l ' e f u l l y  p l a n n e d . e x p e m i m e n t s  w i t h  

computem s i m u l a t i o n s  t o  g i v e  ~ u a n t i t a t i v e  e s t i m a t e s  fo~  t h e  mate 

• c o n s t a n t s  i n  a pmoposed sequence o~ e l e m e n t a r y  s t e p s .  Compar ison  



18 

(= 

'\. . l i e  

t 

- G) r~. ..0 Lr~ , ~  n J  , - ,  ° 



19 

! 

0 
0 

D 

I 

0 

0 

u 

~Q o 

1,1 ~ o 
0 

u 

tfl 

0 

~0 
0 
-0 

0 



20 

oF these constants ~o~ diFFerent ca ta lys ts  w i l l  then give an 

i nd i ca t i on  o~ the k ine t i c  consequences oF chemical changes in the 

ca ta l ys t  surface. 

3~ FUTURE RESEARCH 

Research  i n  t h e  n e x t  3 month p e r i o d  w i l l  emphas ize  M6ssbauer  

charac ter iza t ion  o~ the i~on n i t~ ide  phases and deta i led k i ne t i c  

analyses oF FTS ~eactions occurring on these cata lys ts .  In t h i s  

next phase the n i t~ ide  s t a b i l i t y  and k ine t i c  studies w i l l  deal 

i ~ i t i a ! I g  with the ~i~gle phase i~o~ ~i t~ ide~ ¢~', G and ~), 

ra ther  than combinations o~ these ind iv idua l  phases. Exact 

preparat ive p~ocedu~es wi l~ have to be invest igated,  as d iFF icu l -  

t i e s  have been experienced in t h i s  ~ield. We w i l l  u t i l i z e  the 

MSssbaue~ eFFect in both t h i s  charac ter iza t ion ,  and in the subse-- 

;uent  s t a b i l i t y  analyses. The dutat ion oF the FTS runs ~ i l l  be 

increased From the p~esent six hour maximum to provide ~urther 

s t a b i l i t y  determinations. The scope o~ using the MEssbauer 

e ~ e c t  may be increased to include p a r t i a l  charac te r iza t ion  oF 

the ca~bonit¢ide system, as greate~ surface carbon deposit ion is  

e x p e c t e d  t o  occu~ w i t h  t h e s e  e x t e n d e d  F i s c h e ~  T r o p s c h  s y n t h e s e s .  

These ~n s i t u  k ine t i~  measurements w i l l  be supplemented by pa ra l -  

l e l  experiments on the t r ans i en t  equipment. 

The t rans ien t  experiments w i l l  begin with studies oF surface 

n i t r i d e  s t a b i l i t y  and e f fec ts  o f  surface n i t r i d e  sto ichiometry on 

c a t a l y t i c  s e l e c t i v i t y .  Long te~m s t a b i l i t y  studies w i l l  be aided 

by the ~ecent add i t i on  oF a gas chromatograph to analyze the 
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e f f l u e n t  o f  t h e  t ~ a n s i e n t  T e a c t o ~ :  We e x p e c t  t o  c o n t i n u e  and 

e l a b o r a t e  on o u r  c a p a b { l i t y  t o  do c o m p u t e ~  " e x p e r i m e n t s " .  These  

w i l l  a l l o w  us  t o  t e s t  v a r i o u s  a p p r o a c h e s  t o  s t u d g i n g  n~C-P£~e 

c a t a l y s t  s y s t e m s  and w i l l  p e r m i t  a mo~e s t r e a m l i n e d  p~og~am o f  

a c t u a l  e x p e r i m e n t s .  T h i s  c a p a b i l i t y  s h o u l d  be e s p e c i a l l y  v a l u -  

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

s e q u e n c e s  o~ e l e m e n t a ~ u  s t e p s  can  be t e s t e d  t o  s h o ~  t h e  m o s t  s e n -  

s i t i v e  e x p e r i m e n t s .  
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