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The activity and selectivity of catalytic conversion of coal into liquid products by either
direct or indirect Hquefaction processes may be better understood if the catalysts used in the
processes are well characterized in terms of their phases and particle size distribution. In the
case of iron-based catalysts, Mossbauer and EXAFS experimental techniques can provide much
valuable information for characterization of the catalysts. We have carried out both Mossbauer
and EXATS characterization of some ircn-based catalysts used in direct liquefaction of cozal as
well asin Fischer-Tropsch (F-T) synthesis. The present presentation gives preliminary results
on some of the F-T and DCL catalysts studied.

BASIC PRINCIPLE OF MsSSBAUER SPECTROSCOPY

The basic principle of Méssbauer spectroscopy lies in the observation of nuclear
resonance absorption / emission of gamma rays in certain nuclei like Fe, Sn, some rare-earths,
etc. embedded in any solid matrix . The above phenomenon enables one to experimentally
measure various nuclear transitions. It is well known that the nuclear {ransitions are in turn
governed by the nature of the nucleus and its surroundings. The major three factors which affect
the nuclear transition are (1) the charge density at the nucleus which is related to the valency
of the atom, (2) the electric field gradient at the nucleus which in turn is dependent on the
symmetry at the nucleus and (3) the presence of maguetic field at the nucleus which is in turn
related to the magnetic nature of the atam.

An iron atom in any given material has a finger-print in terms of the charge density,
electric field gradient and the magnetic field at the nucleus and hence a Mdissbauer
measurement would enable one to identify the various iron phases present in any given
substance, It is also possible to have relative quantitative estimates of the different phases
present,

The magnetic moments associated with small particles of the order of a few tens of
Angstroms are subjected to changes of their direction and this in turn leads to characteristic
Relaxation Spectra ’ of the particles. In the case of iron particles, study of these relaxation
spectra enables one to get valuable information regarding the particle size distribution in the
samples.
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EXTENDED X-RAY ABSORFPTION FINE STRUCTURE STUDIES (KXAFS):-

The EXAFS is now a well established technique to idenentify the mnature of the
surrounding atoms around a probe atom and to determine the distance of the neighboring shells
and their eoordination numbers. In the case of iran it ia possible to stady the radial distrihotion
and the coordination numbers up io three or four <helle. The EXAFS measurements supplement
the Magchaner results by providing the additional information noted ubove. With {hisin view
we have carried out EXAFS measurements 6n S0me F-T and DCL catalysts.

We have studied the following samples:

LAY F-T catalysis:-

(1) 100 Fef5 Cu/d.2 K% Si0, unused

(2) 100 Fe/h Cu/d.2 used FBR

{3) 100 Fe/b Cw4.2 K8 5ily, used FER

{4) 100 Fe/5 Cu/4.2 K16 5i0, nsed FER

¢5) 100 Fe/b Cu/d 2 K24 8il used FIR

(63 100 Fe/fi Cu/4.2 K/8 Si0, slurry {reduced with H, at 220 K for 1 br)
{7y 100 Fe/s Cu/d.2 /8 8i0, sharry (reduced on stream for 400 hrs)

() 100 Fe/b Cufd.2 K24 510, mapnetically separated

(9) 100 Fe/5 Cuw/d.2 K/zd 510, poxhlet extraction
(B} TRON BASED DIRECT COAL
LIQUEFACTION (DOLY CATALYSTS:
1] Fezda on carbon black
(2) Fe0430,
(2 Bl Canyon + Fe,0/50,
t4) Wyodak eoal + Fe(COl
(5) Til # € conl + Fe, 0,30,
{6) Iron-Carkides -
The iron-based catalysts were prepared hy Dr.D.B.Bﬁkur of Texas A & M University by
centinuons co-precipitation of Fa and Cu, followed by ineorporation of 5i0, from the soiutiom,

and impregnation of potassium. These eatalysts were utilized m the Fischer-Tropsch studies
enrried out at Texas A & M University. Some of the DCL catalysts studied were supplicd by
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Dr.Irving Wender of University of Pittsburgh, Dr doseph Shabtai of University of Utah,
Dr.P.C.Eklund of University of Eentueky and Dr.Malvina Farcasio of DOE.

We have recorded Mossbauer gpectra heth gt room temperature and for some samples at
12 K using a conventjonal Masshaner spectrameter, The spectra were analyzed using & pon-
lineur fitting program developed al CFFLS, University of Kentucky, Lexington.

EXAFS measurements wers carried out at the NSLS facility of the Brookhaven
Labozratory, Upton, N.Y. and the datg were anglyzed using the RXAPLT ant EXAFIT PTOgrams,

RESULTH :

THE SALIENT FEATURES OF THE ANALYSIS OF THE VARIOUS MoSSBAUER SPECTRA
RECORDED ARE AS FOLLOWS:

(1) Unused calrined catalyst was found to consist of fine partieles of a-¥eQOIT of aboul
82 A or less in diameter. ‘The Mdsshauer spectra of the catalyst at 300 K and 12 K are shown
in Fig.1 and Fig.2 respectively. The room temperature spectrum of the catalyst is very similar
to ihe room temperature spectrum of Rubr-Chemie catalyst supplied by UOP, {Fig. 3.

{2]  All the used ecalalysts obtained from fixed bed reactors were found to conzist of
magnelile in the range of 40 -80 %, lesser amounts of carbidea and unreacted oxides,

(1) The samples obtained by magneatic extraction showed much mere magnetite (Fip,
4) , as compared to the sample obiained by soxhlet extraction {Fig. 5.

(4) The slurry sample ( Wax + catalysts ) shtained ufter reduction with hydrogen at 220
G, 100 psig, 7500 {ecfmin) for 1 hour contained fine particles of a-FeOOH (aboat 85 A or less)
The Mtssbauer specira of the catalyst at 300 k and 12 K are shown in the Fig.6and Fig. 7. As
compared {6 the above cataiyst, the slurry samply obtained after 400 hrs. an stream contained
esscntislly magnetite and carbides (Fig.8.)

{3) The support material of Si0, incorporated in the catalyats does net seem Lo pxhibit
any systematic correlation on the phases that were formed in the used catalyats. Two of tha
used catalysts from the fixed-bed reactor revealed Lhe presence of siderite (FeCO,} besides
magnelite and some carhides. One used catalvst showed 18 much as 19 % of FeCQ, (Fig. 9.
EXAFS measurements on these samples are planned to conlirm the presence of the siderits
phase io these catalysts,

It is interesting to note that one of the nsed catalyst from a Fxed bed-reactor centaining
24 5i0, showed the presence of abuut 10% unrescted surface oxide. Low temperature
measuremenis are undersay to confirm this result,

The theoretical relaxation spectrum for Fe 3, on earbon black at 300 K compared with
the experimentally determined spectrum indicated the presence of g distribution of particles,
The theoretical and experimental spectra are shown in the Fig. 19). These spectra indicated that
15% of the particles have particle sizes greater than about 85 A and the remaining 85% of the
particles have a particle size of less than 85 A  FPurther detailed estimates of the particie
distributions are in progress.
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The Mbsshauer speelra of two samples of suifated iron DCL calalysts Fe,0,/50, (sampie
1} and Fe, 0,50, (sample 2J ar¢ shoewn respectively in the Fig. 11a and Fig. 11p. The spectrum
of sample 2 copsists of large paruicles greater than sbout 100 A while the speetrum of the
cample I containa both small purlicles of less than about 65 A and large particles of size about
100 A The same kind of catalyst may have different particle size distribution depending en how
it is prepared.

Two of the Mossbauer speetra of Blind Canyen coal with Fe, 050, catalysts after 5
winutes and 1 hour liguefaction are shewn respectively in the Fig. 12 a and Fig 12 b. The
spectram of the § minutes run shows a wiixture of magnatite and unreacted Fe, 0,550, while
tnat of the t hour run shows predominantly the presence of magnetite and relatively small
ampunls of the unrearcted oxide.

The Miasbauer spectrum of the IOM-11 # &/Maya coal with Fe,0,/30, and TOM-
WyodakMaya coal with Fella; are showm resnectively in ihe Fig. 13 a and Fig.13 b. The IOM
JFTil # 6 showa the presence of mostly pyrrhotite while that of Wyodak coal shows the prescnce
of both pyrrhotite and some fioe particles of sume oxidehydredde.

'The Mosshauer spectra of Fe carbides madc by laser pyrolysis are shown in the g, 14,
5 and Fig.14 b The spectra reveal the presence of Fe-metal, cementite and not 8o commenly seen
phase of iren-carbide, Fe, Oy

The size distmbutions for the varices as-dispersed iron DCL catalvets have been
determined from the Mossbauver relaxation speetra recorded and the theorelical estimates of the
critical volumes of the catalysts at various temperatures. These size distributions are oW In
the Fig.15

In-gity iron K-edge HXAFS messurements oo sulfated Fe,(, heated with
hexahydropyrene up to 400 G were carried out. Both bulk and 30 A samples of Fe (), were
ulilized in the experiments. The EXAFS spectra for the hulk Fe (3, and 30 A Fe,O, are shown
reapectively in the Fig.16 and Fig. 11. Both 1he spactra clearly show lie growth of pyrrhotite os
the temperature is increased.

EXAFS spoctra of Rubr-Chemie sample and that of the scxhlet exiraction were recorded
and both are seen to be very similar to each other eonfirming the results of Mussbauer
mensuremeants (Fig.18 a end Fig.18 b). In both the cages the ratio of nearest oxygen peak to the
nearest irgn peak is found to be larger as compared to that found in the case of bulk o-FeQOTI
as can be expected for fine paruicles.

Conelusions:-

Miissbater and EXAFS measurements are very useful m characterizing the catalysts
used in the Hquefaction of coals. The Mossbauar spectruscopy pravides information regarding
thae different phoses present and also the particle size distribution in the calalysts . The EXAFS
technirne allows one to follow the in-sita chemical reactions, besides identifying and giving the
radial distribution of neighbaring atems and their eoordinslion numbers.
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Phase HO .S, Q.5. Wdth | %Fe
kGauss | mm/s | mm/s | mmy's
A -FeOOH 504 0.49 | 0.003 | 0.81 31
o -FeQOK 480 0.48 { -0.0t | 079 | 55
o -FeCOH 447 0.37 -0.06 0.82 i3
Spm-Oxide 0.88 118 | 0.27 3
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Phase HO LS. Q5. | Wdth | %Fe
Kaauss | mmfs | mmfs | mmys
Magnetite-A site 482 0.31 0.00 0.43 25
Magnetite-B site 455 0.65 C.00 0.56 35
Magnetite-sub | 422 0.68 | 0.00 | 0.54 8
Carbide 201 0.3 0.00 0.81 5
Spm-Oxice 0.37 | 0.93 | 083 | 23

Misgbaver ron MIO8AS an gampla 501 af 100 K

MEOE?? CFFLS #5061 FB-99-1588/H 2 Magnelic segaration
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Phase

HQ 1.5. Q.5. Wdith | %Fe
kGauss | mm/s | mm/s | mm/s

Spm-0Oxide 0.37 1 0.71 0.56 86
| Magnetite 281 | 026 | 000 | 0.63

Magnetite 461 .73 0.00 0.63 3

Carbide 177 0.24 0.C0 0.63 5
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Massbauer spectrum of a catalyst: 100Fe/5Cn/42K/235i0,
obtained by soxhlct extraction.
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Phase HO LS. Q.S. | Wdth | %Fe
kGauss | mmis | mm/s | mmys

Magnetite A-site 474 0.34 0.00 0.41 5

Magnetite B-site 430 0.71 0.00 1.24 18

A -FeQOH 035 | 082 | 062 | 77

Méeszauar run MKO753 2n samp'e 462 at AT

SR -SURSrPRIBMaY Setic
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Kig. 6 Méssbaver spect. um of a catalyst: 100Fe/SCw/4.2K/38i0,

2 slurry sample after reduction with hydrogen at 220 C, ~
100 psig, 750 {ec/min} for 1 h-2.2 g, The SPECLILM was
recorded at 300 K,
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Phase HO LS. Q.8. | Wdih | %Fe

k(Gauss | mm/s | mm/s | mm/s
 -FeQOOH 504 047 | 005} 079 | 59
« -FeQOH 477 na3z | o007 | 078 | 23
o -FeCOH 452 0.58 | 012 | 079 | 12
Spm-OxidesHydroxide 0.18 0.97 { .61 B

Massbeuer run MAO75& an sample 463 at 12 K
4 -FeQOH includes 23 % of Fe as magnetile (see RT spectrum LIKDOOS)

MKO759 SB-63-1910 160 Fes5 Cusd.2 Kiafter red, 12K, CFFLS#463
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Fig. 7 Vosshauer specirum of a catalyst: 100Fe/5Cuf4.2K/8SI0),

a slurry sample after reduction with hydrogen at 220 C,
100 psig, 7500 (ce/min) for 1 h-2.2 g, The spectrum was
recorded at 12 K,




FPhase H{ 23, Q.8. | Wdih | %Fe
KGauss | mm/s | miove | mevs
Magnetite A-sile 480 0,29 0.00 .41 G 6
Magnetile B-zite 453 0.64 0.00 0.62 27

Magnetite-sub. £09 J.72 0.CO 1.03 12
£.Carbide 170 0.24 | 0.03 | 0.48 28
Spm-Oxides P 0.36 0.79 (.79 16
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Fig 8 Mdssbauer spectrum of used calcined catzlysi:
1Fe/SCu/4.2Kf at the end of the run.
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e ¥/ 1.5, Q.3. | Wdih | %%Fe
kddauss | mnvs | minfs | mnds
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