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THE CHARACTERIZATION OF IRON BASED Fe—M ULTRAFINE
PARTICLE (UFP) CATALYSTS. 1. EFFECT OF SECOND METAL
COMPONENT (M=Mn, Zn, Mg)

Xinguo LI', Jianyi SHEN?, Bing ZHONG', Yi CHEN’, Shaoyi PENG',
Qin WANG' and Dong WU'

i . . . .
2['151!!1416 of Coual Chemistry, Chinese Academy of Sciences, Taiyuan 030001, PR. China
Chemistry Department, Nanjing University, Nanjing 210008, PR. China

The effect of second metal camponent on the strucltural characteristic af
Fe M UFP catalysts was investigated by in situ Mossbauer spectroscopy. The
incarporation of second metal component hindere the  reduction  and
carburization of iron containing phase in the presence of Hy and CO, and the
degree of hindrance ig in the order of Mg > Mn -Zn due to the interaction
hetween iron and the second metal component. Congequently, the formation of
light olefinic products is in the order of Fe Mg~ Fe- Mn - Fe- Zn catalysts
congistent with the F-T synthesis performance.

1. lotroduction

One of the recent trends in F-T synthesis is the development of new catalyrts with
higher light oleling selectivity. Many trangition metals like Ti,V,Mo,W and Mn etc. have heen
shawn to serve thig purpoge in certain extent/l/, whereas the cffects of Zn and Mg have nut
been well investigated. In this paper, attention is focused on the relation between le
chemieal state of iron in UFP Fe M catalyats and the behavior af reduction and aenrhurization
tn the presence ol syugas and the catalytic per(crmance.

‘The results indicale that the vecond metal component has a strong inlluence on ibe
chemicni stale of iron in ihe catalysts, giving a different behavior of reduction,carbiizuiion

as well us catalysis.

2. hoxperimantnl

Al of the samples were prepared by a speciai degradution method [2f at V73K lrom
oxalate precursors. Fa:M is 3 for all catalyste, and a *pure” Fe catalyst is wwed Tor
reference. The average particle sizes of principal phage as wmeasured by small angle X ray
gcattering ara 12.8, 9.9, 8.6, 1.3 nm for “pure” Fe, Fe Mn, Fe 7n, Fo- Mg catalyeig,
respeciively. The use of Mossbauer spectroscopy and XRD has been descrilied in the fiest puri.

<. Results and discussion

Mossbauer epectra of the catalysts are ghown in Figs.l 4. The spectrum ol "pure” Fe
cntalvat is fitted to u sextet with hyperfine field(H) of §09KOe which ir typical
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Fig.] Mosshauer spectra of "pure”
iron UFP calalyst a)as-prepared;
b,¢) trealed in syngas at 573K,
633K sequentially.
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Fig.3 Mossbauer spoctra of Fe-Zn
IFP  calalyst  a) as—prepared:
b.¢) trealed in syngas al 573K,
633K sequentially.
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Fig.2 Mossbauer spectra of Fe-Mn
UFP  catalyst a) as-prepareds
b,¢) treated in syngas at 573K,

33K sequentially.
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Fig.4 Mossbauer spectra of Fe-Mg
UFP catalyst  a) as-prepared
h,¢) treated in syngas abt ST3K,
633K sequentially.
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characteristic ol bulk antilerromagnetic o Fe,On/3/, whereas the relative simalter H  value
suggests that the Fe(lll) oxide is in a  highly dispersnd state/4/. XRD pattern indicates that
this  catu!,or wonsist of v TFel,O and a2 trace amount of v Fe,0),,.

Merghauoer spactrs off e M catalyste (M-Mn, Zn, Mg) are quite diffarent from that of
“pure” e catalyst. All of them consist of a doublet. The spectra of Te Mn and Fe Mg
catalyste contain also a small contribution of a six line component with ematler 0 value 1507
and Aty KOs regpectivaly) | The Mosshauer parameters of  both dounlet and eexicr  are
characteristic  of high anin Fe?' iona in highly digpersed atatesfd/. For Fe 7Zn  (ar Fo M)
catalyst, XRD showa that it ig in the (orm of ZnTFe 0, Mgle 00 or - Te,O, with  ZniMg)
diveolved in ite Inttice. They cannot be differentinted by XRD bhut the oxides are  highiy
Aicnerend repnrdlass of the form.

The rerults indicate thut the incorporation of a wecond weial component into iron  hased
TFP cadalyet will markedly modify ite etructural characteristics by the chanpge of  the
cheminal epvironment of iron atoms, as evidenced by the remarkable change c¢f Mossbauar
parameters. In "pure” ¥e catalyst, iron atome are magnetically ardered, and the riter they
cecupied are  elightly deviated from cubic aymmetry , as indicated by u small 5 value . As
meitioned ahove | the particle size of Ypure” iron catalyst is  very amatl. The incarperntion
of manganese, zinc and magnesium makes the particle size even atill amaller by segregating
iron containing  crystallites | as is manifegted by the decrense of W wvaiue of mapnetie
gextete and the ewerpence of superparnmagnetic doublets, Tron wivmp o these clulysis are in
nnn enhic gaymmetricn) sirep,

Uunder the wreetinent of gynpae, ail colalyste undergo  reduction and  carbdriwalion  as
metinned 1n the [irst part. At 673K, “pure” Fe catalyst 1a reduced exciusively Lo zera valent
iron and then transformed to , FeaCp. whilst most of Fe®' present in Fe Mn and Fe Mg
catalyste v converted to Fe?' by synthesis gas and only a emall it of Fe'l s roduced
Fe?. T, "y Zo calalysl, exposure of Lhe catalyst to synthesie gas at 673K leads to the
reduction of must of Fe®' to Fe® which is transformed to , FeiCo and a small amnani of
Fe*' to Fe*' . The Mosshauer parameters of the ferrous iron, 1S-1.051 0.03nm/e and
-0 30 0hmmfy ure characteriptic of high spin Fe™' /i),

The (inal trentment of the catalysts wae carried out nt 633K (n presence of syngas for 6
hourg.  The spectrum of "pure” iron coetalyst remaine the same we that treated at 573K,
confirming the fact that the reduction and carburization of the catalyst are completed at
513K . Treatment of Fe NMn , Fe Zn and Fe Mg catalysts at thie temperature leads o Turther
reduction  and carburization of the catalysts. Tt goes withoot eaying that the extrnt af
carhurization e coincident with the reducibility of the catalysts , bolh of them are in the
order of "pure” Fe Ve Zn Te Mn -Fe Mg,

The nbove resulis demonstrate clearly that the incorporation of Zn, Mn, Mg hinders ihe
reduction and carburization of the iron cantaining phases in the catalysta . This is an
indication of the interaction between irun and the second metal component in the cuatnlyste.
Four exumple, Fe and Mg exhibit strungest interaction and thus the catalyst is moest ditficult
to reduce and carburize. All iron containing crystallites contain.  or at leagt are in
contict with,the second metal component as evidenced by the difference between the behavior
of reduction and carburization of Fe M catalysts and that of 7 pure” iron catalyst.

The F T activity seleclivity patterng of the cutalusts ave in good agreement with the
Moasbaucr cegutts. Tha formation of carbide ig most difficult for Fe My catalyst

ghilt to lighter products is expecied far this catalvat because the carbide is rvegarded to he

. thus o
regpongibin for Lhe forwation of  beavier hydrocarbon produces. Accotdingly, the {ormuauon ot
light. olefinic products is iv the vrder of Fe My Te Mo Te Zn catalysts. Ainong them Fe Mg

catnlvel givep low malactivity to othviena in the prodact.
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