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ORJECTIVES:

The primary objective of this work is w dovelop methodolopy for
determining the perticle size disuibution of catalysis wsed in cosl liguefaction
(zsince Ihe cfficienzy of a catalyst depends oo the patticle size), We shaw iba
for paricics in the tange of 10A to about 300A, line broadening of the Brage
peaks in x-ray diffraction (XRDj provides &n accurate detcrminatien of the
particie size.  For caralysts which exhibit superparsmagnetic behavior {such as
ithose based pn Fe. Co mnd Ni), a doecrminacicn of the panicle size distribution
using magnctemciry i5 possible.  Compangon of the rosulls oblained on an
EezQa-based catalyst wsing x-ray diffraciion, magnelometry and Mdasshauer

speclrogcopy are  presenied.
EXPERIMEMNTAL DETAILS;

The sample of a-FexO3 based catalyst emploved in this work {Sample 1)
was provided by Pr G. P, Huffman on which sone Missbaver wed XATS swudies [1]
and gatalydic studies {2] nave besa reporied recentdy.  This sample is partially
sulfated o0 0-Fead3/504 (ap to 6%) For XRD stodies, 3 Rigaru D-max
diffraciometer available in our laboratory was emplaved. For mamels
meamaremenis, 3 SQUID magnelometer (Quantum Tresign Model MPMS} was wsed,
employing about 19 mg of sample, tempersture rapge of § K - 400 K and
magnatic fields up 1o 55 kOe. For comparison purposes, measuremsonts on 4 hulk
semple of o-FezD3 obrained by pawderiog a single crysual, are also repored.

ACCOMPLISHMENTS:

Details of ihe theory wsed For determining she particle 3ize disirdbuion
from the XRD and magnetomerry data have bocen given in a resent publication
[3]. Heme we vepen only som: major resulis and conclusions.

o Fig. 1, we show the z-ray diffractograms of the powdercd o-Fealy
satnpie and the n-FeaDsa/50y caalys {before and afier the liguefaction
experitaeat). It is obuiows ihn the Brapg lineg are broadsr for the a-Fex043/304
sample as compared 1o the powdered FeyOa sampie.  This broadening is due te

smaller panicle size. Using the Schormer equelipn for line breadening of Bragp
peaks in XRD, particle radii varying bewween 7SA and 11DA usicg difierent peaks
are obtained.  After ligeefaction, XRD dara shows that the saniple has convertcd

primarily Lo pysehotite {Fig. 1.
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Locrminaticn of (e panlicle ziz: from magnetlc measurcmests is more
gomplizawed and iavolved althouvgh in favorabic cases, this techrigue aliows
determination of not only che overage ponicie size Bul also & panticle size
distibuion (for delails sce Eef, 300 In Fig. 2, we show four seis of yraphe. 1In
Cig. 2Ma} magnetic susceplibiity ¥ for FegQqf504 is ploied againsl (eTpereture
uader :hs zzro-fisld-cooled (ZFCY and field cocled (FO) conditivns.  Below abaot
00 K, the two mecsurements fork ocul, suggesting that above 1hia blocking
icmperaiuie of =100 K, the matenal s svpemparamagnetic,  The proed of the
superparamagnatic behavior i that the reduced magnctization, M/Mu, should
scaie a3 WST. where H is the applied fAeid. In Fig. 2ib). plote of MM ve H/T at
severzl temperatores show (hat oal lemperatures of 220 K, 300 K and 350 ¥, the
data coincide confimming the superparemagrevic bekavior 27 rthese
icmperatnies,  This date of MM v B Fig 200 can then be wsed 1o delerminm
the penicle size distribution, assuming 2 log nommal distribuwtion, Details of the
procedures are given m Ref. 3, end the obrained distribavian is shows in Fig.
2idy.  As a consistency check, tkis obtained distribubion is then uzed o celenlsts
M/Ma vs H (dotted cervs i Fig. Me)h A close agreement wilh sxperimcat
arsures  self-consistepoy,

We newt compare e sbove results with the results ghigined from XRD and
Muasbauer measeremenis. For XRD, a paricle radius of 75 0 130A was obiaincd
and this iz well within the range shown in Fig. 2(d) obtained magnetic
meagusemerts,  The Mdssbener measerements of Huflmen et al [1] yieldsd the
following resulis;  12% of Lhe penigles Nave < 294 diameter, 45% have dipmerers
from 20A - 854 and rhe remaining 43% have diemeters Targeyr Lhan BSA,
Considering the #I0A uncergminty in all thres tschnignes, the results presentzd
here  are goite consisient.

le comparing the three technoiqres, XBD provides the most direet and
raptd cvelpetipn of the particle size, althoygh the technique works only for
ceystalline paniicles and a size distribution is oot obizined. Both magmetic and
Mudssbaver studies involve extensive analysis of the data and the techuiques
unly work for superparamaghetic panicles.  Howcver, when ppplicebie, ihey
previde more detpiled information, in particulsr the mageetic studies whers a
paetigle size distribution car be obtained ag shown hers,

FLANSE:

Future plans ioclude determinalion of tbe accuracies. and Ymitations of
the XRD and maghetic techoiques for dereomining the parmicls size disiribuiton
of catalysts,  Measurements oz catkyars of different shapes and slzes are
underway for 1his  purposs.
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Figs. Ia and 2b. SHee Etext for detaills.
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