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THE C H A R A C T E R I Z A T I O N  OF IRON BASED Fe- -M ULTRAFINE 
PARTICLE (UFP) CATALYSTS. II. EFFECT OF S E C O N D  METAL 
C O M P O N E N T  ( M = M n ,  Zn,  Mg) 
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The  e f f e c t  of second meta l  c o m p o n e n t  on the  s t r u c t u r a l  c h a r a c t e r i s t i c  of 
Fe M U F P  c a t a l y s t s  was i n v e s t i g a t e d  by in s i t u  Mossbaue r  spec t roscopy.  The  

inco rpo ra t i on  of second meta l  c o m p o n e n t  h inder~  t he  r educ t ion  and  

carbur izaLion  of iron c o n t a i n i n g  phase  in t he  p re sence  of H.~ and CO, and the  

degree  of h i n d r a n c e  is in t h e  order  of  M I z " M n  -Zn due  to t he  i n t e r a c t i o n  

be tween  iron and  t he  second meta l  componen t .  C o n s e q u e n t l y ,  t h e  fo rma t ion  of 

l i gh t  o l e f in i c  p roduc t s  is in t h e  order  of  Fe Mg . .  Fe-  Mn �9 Fe- Zn c a t a l y s t s  

c o n s i s t e n t  wi th  t he  F T s y n t h e s i s  p e r f o r m a n c e .  

1. lt~ t~ t~duct lo t l  

One of t he  r e c e n t  t r e n d s  in F T s y n t h e s i s  is t he  deve lopmen t  of  new c a t a l y s t s  wi th  

h i g h e r  l i gh t  o l e f in s  se lec t iv i ty .  M any  t r a n s i t i o n  me ta l s  l ike T i ,V ,Mo,W and Mn etc.  have  been 
s h o w n  to se rve  t h i s  purpose  in c e r t a i n  e x t e n t / l / ,  w h e r e a s  t he  c f f e c t s  of Zn and Mg have  trot 

been  well i n v e s t i g a t e d .  In t h i s  paper ,  a t t e n t i o n  is fcmuscd on t he  re la t ion  he'-;~,~c:, :i.-" 
chemica l  ~tat.e of iron in IJFP Fe M cata ly~t~ ~nd t he  behav ior  nf  r educ t i on  and en'~',tri',n *i~'~ 
in Lhe pt'e~eLlee of 8ynl~as and  the c a t a l y t i c  p e r f o r m a n c e .  

"i'he r e s u l t s  i nd i ca t e  t h a t  t h e  second  me ta l  c o m p o n e n t  ha s  a s t r ong  i n f l u e n c e  on i.he 
chcmica i  ~t.ate ,~f iron in 1he catalyfd, s, g iv ing  a d i f f e r e n t  behav io r  of  r e f luc t io l l , ca r l ' ~ ; i :Mi , - ,  

as  well as ca t a lys i s .  

2 . F . x p e r i l ~ e n t n l  

All of  t h e  s amp l e s  were prepared  by a special  dr ;gradat ion method  ]2[ a t  'i%}K from 

o x a l a t e  p r ecu r so r s .  Fe :M i~ 3 for  all c a t a l y s t s ,  and  a "pu re  w Fe ~:ataty~t is ~ e d  ~.~r 

r e f e r e n c e .  The  a v e r a g e  pa r t i c l e  sizes of p r inc ipa l  phase  as measu red  by smal l  ang le  X ra) 

s c a t t e r i n g  a re  12.8, 9.9, 8.5, 11.3 nm for "pu re*  Fe, Fe Ms.  Fe Zn, Re- Mg eatalywtm 
reetmci.lvely. The  use of M ossbaue r  spec t roscopy  and XRD has  been  descr ibed in the  fleet part.. 

�9 Resul ts a n d  d i s c u s s i o n  

Mo~Bhauer ~pec t ra  of t h e  c a t a l y s t s  a re  shown  in Figml 4. The  s | le t ; t rual  of #pLJre N ~'e 

c,~t.~lv~ll: is f i t t ed  to a s e x t e t  w i th  h y p e r f l n e  f ield(H) of 509KOe w h i c h  i~ typical  

*'['his wgrk wa~ sup~,mrtcd t:y the Nal loaal  Natura l  Science Foundation of China 

�9 J.C. Baltzcr A.G., Scicmific Publishing Company 
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Fig,2 Mo~.sbauer spectra or Fe-Bn 
IIFP caLalysl a) as-prepar(~; 
b,c) l.r~31;ed in syngas at 573K, 
633K sequentia] ly. 
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Fbr Mr spectra of Fe-Zn 
IIFP calalysl; a) as-prepared; 
b,c) lr~3lccJ in syngas al 573K, 
633K s(.~uenlial ly. 
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Fi~;.4 l~sbauer speclra of |:e-Hg 
UFP catalyst a) as-prepared; 
b,(') tre~t~ in syngas at 573K, 
633K sequential ly. 
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cha rac te r i s t i c  ~d bulk an t i l ' e r romagne t i c  ,i Fe~O./a/. wherca~ the: r~:lative ~mal ler  I t  value 

suggests t h a t  the Fe( l [ ] )  oxide is in a h igh ly  dispersed statel41. XRI)  pa t te rn  indicates t ha t  

thi~ catai~L ~on.~ist or u F~.~O.- and a trace amount of "~ [;e.fl).. 

~a~p~nu~.r ~p~ctrn or Ire M catalysts (M~Mn, Zn. Ms) are quite dii'ferm~t fr:m~ lhnl of 

HpureV lie catalyst. Al] of thenl consist of a doublet. The spectra of |;e Mn and l"e Mg 

Catalysts contain also a small contribution of n nix line componpn~ with Bmailer H vnhi~ ~()7 

, ,"J '~9(~ we.: re~peet lvely)  . The ]Vln~ohatler po.rameters of  both dounlet  and Beat,e{ ~re 

(~'Flrrl~'t~'ri~tie nf hi.fib Rain Fe ~I ions in h igh ly  diBperm~d , tnt~B/4/ .  Igor g ,  7,n (~r l~e MP:) 

cata lys t ,  Xl{.l} shows tha t  it is in the form of ZnFe=(3. ( M t ,  I : ,~ . . 04  ) m '  " l;e,.~O., with ZnlMF) 

dissolved in ita lattice. They canno t  he differentb~t,~d hy JKRII ,hm. the oxides ar~ hiHbiy 
,1;, ,,,,i'~..] ~'p }r,]lesB Of the  form. 

The resul ts  ind ica te  1.hHt the in ( :o rpora tmn or a Hecoed metal Colnponellt in to iron based 

l ~ r '  ,.v. lnI ~l w i l l  marked ly  m,~dify it~ s t r u c t u r a l  charac ier i r ,  tic~ ILy lhe chanl~e ~f l.he 

chemica l  ~nvlronment ~f iron ntom~, aS evidenced by the remnrknb]~ chan~e cF ~o~slmuer 
parameters .  In "pure"  Fe cata lys t ,  iron atoms are magnet innl l )  ordered, and the ~i or thp-,- 

cceupied arc s lh ;ht ly  deviated from cubic symmetry  , as indicated b) a ~mali t4S va|u'.' . :~.s 

rr,~,~.i~ned above , the par t ic le  size of ~pure ~ iron ca ta lys t  iB v~ry r,m,qll. The incnrpr. .ntion 

of manganese ,  zinc and magnes ium makes the par t ic le  size even still smal ler  by negregati~la 

iron c tmta in ing  crystal l i te~ . a~ is mani fes ted  by the (]ecre,*se of 14 value of maFn,,~io 

sextets  ~nd the em~',',,,~ve ~(" eupeI'i?ar~lmagnetic doublel.~. Xr,,n ,*, ,  ~, i,~ th~se cal.fflyHtH /Ir~, il~ 

nnn , 'ohio ~ymm,'i:riCl~l sireS. 

Uuder [l:,~ ~,'~:nl-mcnt uf ~ynga~;, (d| caLalyut~ un(i(:~go reduction a~.| carhurizaLi(m ~ 

m~fi,mpd m the f i rst  part. At 573K, ~[,ure" Fe catalyst is /~Jduce{i exdiUHiV/lly LO zero valour 

iron and then transformed to / Fe.C~. whilst most of Fe ~' present in Fe Mn and Fe MIz 

cc.tal..Bt~.' i~ converted to Fe ~' by synthesis gab and (rely a mm~ll amuu~ of Fe:' l ~ r~d~m~,.~ ;.,, 

Fe".  h, :"~ Zn cal, al~st,  exptmure of  the ca ta lys t  to Bynt.hc~i~; gas at. FFlLIK leads I.o the 

reduc t ion  uf mu~t of Fe ~  to Fe ~ wh ich  is t rans fo rmed to / Fe,Cv. and a small  amrmni  ,'.' 

Fe ~'' to Fe a '  . The Mossbauer parameters  of  the fe r rous  i ron,  I ~ I . 0 5 ~  0.0ammlB a~d 

(~;-U.T!(? U.lSmm,,':~ are cha rac te r i s t i c  e f  h igh ~pin Fe~' /5/ .  

The f i na l  t r e n t m e n t  o f  the  ca ta lys ts  was car r ied  ou t  nt tS33R in presence o f  synga~ for  ,5 

hou,.~. ' rhe spectrum of ~pure ~ iron ca t0 lys t  remains the same aF i, hat t rea ted at ~7;IK , 

confirminlx the  fact  t ha t  the reduct ion  and carhur iza t ion  of the ca ta lys t  are completed at 

5'13K . T r e a t m e n t  of Fe IVln , Fe Zn anti Fe Mg ca ta lys t s  at this  t e m p e r a t u r e  leads ~.(~ f u r t h e r  

r , . tuc l ,  i(m and ca rhu r i za t i on  of  the cnta lys tm I t  goe~ wi~bol~f ~nying thai  t.h~ ~,~*en~ or 

carhuri~u~tinn is co inc ident  w i t h  the  reduc ib i l i t y  o f  the ca ta lys ts  , both of  them are in the 

order of "Inure ~ ge Fe Zn Fe Mn ..[,'e Ms. 

The above remdtB demons t r a t e  clearly t h a t  the incorpora.tion uf Zn. Ms.  Mg I~im'r,'~ ib,: 

reduct ion and carhur iza t ion  of tim iron con ta in ing  phases  in the ca ta lys t s  Thi~ i~ an 

indicat ion of the in te rac t ion  hetween iron and the  second metal component  in the catnl)~qr. 

Fur example,  Fe and Mg exhibi t  s t r a n g e s t  in te rac t ion  and thu~ the c a t a l ~ t  is mc~t dit'f~cult 

to reduce and carburize.  All iron con ta in ing  erystal l i ten conta in ,  or at !east . ~ r o  R~ 

con tac t  w i th , t he  second metal component  as evidenced by the  d i f fe rence  between the huha,,,io~ 

of reduct ion  and carhur iza t ion  of Fe M ca ta lys t s  and tha t  of = pure # iron catalyst .  

The 1" T act ivi ty  select lvi ty  pat tern~ of the ,:nfaly~,t~ , re in good agreement  with ~h,, 

M o ~ h ~ u c r  resul ts .  The format ion  of  carbide ie most d i f f i cu l t  for Fe MI ~, ca ta lys t  fbuR n 

sh i f t  to l igh ter  products  is expected few thi~ eatal?,st hecaunc lira carbide i, regs.rd,:d t.o he 

reepoll~ilfi~; fo r  the fOl l l la t lon uf heavier  hydro,~'arh(m plodu,.:~,. ~l~'(. :Uldi l lg[y, i.{It! Curluailutl t,l" 

l ight  olef inic  pr(nlucl.s in i~, I.hc ,,rd,:r or Ye ~'([~.. F,~ ]~]t~ Ire Zv, cltLa]jstlt. Aitlcnl~ them Fe MI~ 

c~tt.~41vgl p ' i v~  ](lw ~ I m ' f i v i t v  t:t~ nl;hylm~ in t:h~ prod~:L. 
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