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I. INTRODUCTION

As pointed out in our proposal, the work was undertaken using Mossbauer
spectroscopy to characterize supported iron catalysts such as Fe/ZSM-5,
Fe/Silicalite, and Fe/Mordenite in the synfuel gas reaction. As outlined in
our May 1982 interim report, attention was focussed on Mossbaver ip-situ
characterization at various stages while the synfuel gas reactiop was taking
place. The fresh catalyst samples (impregnated using re3(c0)12) wvere
supplied by the Pittsburgh Energy Technology Center (PEIC). 1In this report,
salient aspects of Mossbauer spectra and interpretations are presented. The
Mossbauer spectra at various reaction condirions such as gas flow rate,
reduction time, and carbiding time are also reported to further understand the
nature of catalyst and to derive optimum reaction conditioms. Our work has
resulted ir several publications; a list of these and relewvant papers is

given ar the end of this repor:.
IT. PERSONNEL

Mr. Cary C. Lo (a Solid State Science student) was paid s half-time
graduate assistantship for threes terms and has assumed major respomsibility
for this project during the reporting period. Mr. Lo has also passed the
candidacy and comprehensive examinations during this period and is proceeding
with his related research under the direction of the principal investigator
(P.I.), Prof. L. N. Mulay. The P.I. is pleased with the results obtained
within the constraints of 2 limited budget and trust that the ¥zTC-DOE
scientists will also feel happy with the work accomplished.

III. NEW INSTRUMENTATION

A Mossbauer spectrometer for studies on the synfuel gas catalysts was
set up and modified for temperature-dependent and/or applied extermal field
work. A new 55 mCi C057 source in Rh matrix supplied by the New England
Nuclear (Boston, Mass.) was used in these studies. A block diagram of the

Mossbauer spectrometer and its associated electronic units is shown in Fig. 1.

DISTRISUTION OF THSS DSCBMENT 1S ORENTED 2 Q
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The original MOssbauer drive transducer unit for vibrating the source in the
constant acceleration mode was manufactured by the Nuclear Science and
Engineering Company, Pittsburgh, PA. This drive unit is now replaced by a
brand new Austin Assoclates drive unit with a heliur-neon laser interferometer
used for absolute velocity calibrarion. The gas proportional counter used to
detect the 14.4 KeV gamwa rays contained 90% krypton and 102 metbane, and was
made by the Reuter-Stokes Company, Cleveland, Ohio. The memory storage unit
consists of a new ND-100 multichannel analyzer with 1024 chamnels, high
voltage supply (ND=537). analog-to-digital converter (¥D-570), and a
preamplifier (ND-401); all such apparatus was supplied by the Nuclear Data,
Inc., Chicago, IL. The teletype terminal was manufactured by the Teletype
Corporation, Skokie, IL. The new Austin Associates Mossbauer spectrometer
(5-600) provides (i) a sawtooth, (ii), a triangular and (iii) a sinusoidal
mode with capabiliries for "constant velocity" operatiom, and so on.

The ip-situ cell for Mdssbauer measurements [l] is shown iz Fig. 2.

This stainless steel cell with external cartridge heaters (Hot Watt 8213) was
connected in parallel to a 3-mode temperature contyroller (Wistex 1542); this
provided temperatures up to 800 K. Two Chromel/Alumel thermocouples were used
to monitor the temperature. One was kept in contact with the bottom of the
sample wafer while the other was connected to the surface of the sample
holder. A uniform and stable temperature was achieved, with a temperature
gradient less than 7 K, depending on the lower and higher operating
temperatures. The air-cooled Beryllium windows (0.01" thick and 0.57" in
dianeter), supplied by Reuter Stokes Co. in 2x2' square plates, were
vacuum brazed to Cu rings and then sealed by Varian ConFlat flanges. This

Be window was analyzed using mass spectroscopy and Neutroen Activation analysis
which assured the iron impurity to be less than 50 ppm. The in-situ cell can
pe used at higher pressures, using thicker Be windows.

The flow rates of hydrogen and carbon monmoxide were obtained using mass
flow conrrol valves (Brooks Model 5815). The hydrogen (99.999% pure from
Airco) was further purified by passing it through a gas purier and an Oxytrap
(Allrech Associares, Inc.) o remove any H.ZO and 02 respectively. The carbon
monoxide (99.99% pure from Matheson) was further purified by passing it
through a gas purifier to remove any HZD and carbonyls. A schematic diagram
of the total reactor system is shown in Fig. 3.



IV. METEODS OF MEASUREMENT OF MUSSBAUER PARAMETERS

Catalyst sanples for Mdssbauer measurements wers mounted in the MSssbauer
celi in 2 "porcus wafer" form, which cllowed a free flow of gases over the
catalyst. These self-supporting wafers of 0.57" diameter were made by pressing
0.2-0.3 g of powdered samples at a pressure of ‘8000 psi. The velocity of the
drive unit was set at *10 mm/sec so that all possible peaks arising from
phases such as iron oxides, metallic iron, and irom carbides were well
contained within the 512 channels of the multichannel analyzer. Calibration
was performed using a standard NBS Fe foil for which the six-line spectrum
was obtained. These six lines also allowed the calibration of the linearity
of the drive umit, which was found to be within =0.5%Z. Since the channels for
the peaks of the iron standard could be found from the printout s . a
calibration coastant in mm/sec/channel was calculated so that any chacnel
nunber could be converted to the corresponding velocity.

The catalyst samples supplied by PEIC were prepared in the following
manner. The transition metal Fe was introduced into the zeolite by
impregnation with the iron carbonyl Fe3(CO)12 by using an extraction technique
with cyclohexane as the solvent [2]. The weight percent of impregnated irom,
normally in the range 10-16%, was determined by atomic absorption techniques.
In general, in-situ Mossbauer measurements were carried out at four stages:
(a) as-impregnated fresh samples, (b) samples reduced in B, (50 cc/min) at
450°C, (c) those carbided in CO/'E2 = 1:1 (100 cc/min total gas flow) at 250°C
and (d) those run in CO-E2 (1:1 synfuel mixture) (100 cc/min total gas flow)
at 280°C and then 300°C. The spectra were obtained at room temperature ucder
various stages as shown in Fig. 4.

Al]l Mossbauer measurements below room Cwmperature were performed using
a Model LT-3-110 liquid transfer "Heli-Tran." The "Heli-Tran" was used in
conjunction with an APD-E digital temperature controller, both of which were
made by Air Products and Chemicals, Inc., Allentown, Pa. The aluminum foil
containing the sanplé measurement was attached to a special sample holder
supplied by Air Products and Chemicals, Inc., which was then screwad into
the tip of the cold finger. The sample temperature could be maintained to
20.10 K with this cryostat. The themmocouple was calibrated by Air Products
and Chemicals Inc. TFor a detailed description of the theory and method of



operation of the cryostat, the reader should consult several excellent
manuals written by Air Products and Chemicals, Inc.

V. ANALYSIS OF MUSSBAUER DATA

The Mossbauer data were recorded from the spectrometer in the form of 2
punched paper tape printed on the teletype and, when necessary, recorded on
the X~Y plotter. A computer program has been used in several cases to comvert
the contents of the paper tape onto a Cal~comp graphic converter. A least
squares computer program obtained from the Quantum Chemistry Program Exchange
and other groups was used to fit the Mossbauer dara. Single Lorentzian lines
were used in fitting the spectra. The program was capable of varying the
line pcsitions, line widths and intensities in order to obtain the best fie.
A fit was considered to be good when the chi (Y) squared value was approximately
equal to the number of chamnels in the spectrum. In some cases, af'ter an
initial fit was obtained, the line widths were constrained and the fitting
procedure was repeated. A subroutine for the calculation of X square and
MISFIT, developed by S.L. Ruby [3] of the Argonne National Laboratory, was
also included in the main computer program to compute the quality of the
fitting obtained. The line widths were usually constrained to be within
G.30 to 0.35 mm/sec, which is appropriate for Fe57. For further details
pertaining to the computer program used to fit Mossbauer data, the reader
should consult Write Up No. 276 of Quantum Chemistry Program Exchange,

Indiana University. :

Several numerical methods have been developed for determining the
hyperfine parameters from an observed Mossbauer spectrum; these being, in
general, synthetic methods requirinmg a computer. As Hoy and Chandra [4]
have pointed out, these approaches are unsatisfactory because they necessitate
making successive fits to the observed spectrum, uvsing trial and error values
of the parameters. In view of these arguments, ar amalytical technique was
adopted, which is discussed by Williams and Bancroft [5].

VI. SINOPSIS OF THE WORK CARRIED OUT ON TEE "1981"-—SAMPLES SENT BY PEIC

The MBssbauer measurements of catalysts containing 28M-5, silicalite or

Mordenite as the shape selective component, and Fe (using Fe3(CO)lz) as a



transition metal component have been systematically studied. The gemeral
findings of our study are outlined below:

1) Fe3+ ions were found to exist in the as-impregnated catalysts, as
expected. A very interesting and significant result indicated that the
carbonyl impregnated sample containmed ultrafine Y-I-'e203' of d = 60-66 & in
agreement with x—-ray diffraction line broadening. In contrast, the nitrate
impregnated sample showed a—Fe203 of approximate particie size of 10U & from

a comparison with Mossbauer studies om a-Fe 0, by Kundig [6].

2
{(2) All the catalysts on reduction were found to contain Fe metal
(80%), I-‘e304, and I-‘e3+ ions. It should be noted that the reduction was

completed in two hours since idenmtical Mossbauer spectra were obtained from

Tuns ranging from 2 hours to 24 hours. In addition, we also studied the
reduction at various Ez flow rates (10 cc/min, 40 cc/min, and 50 cc/min). As

the B.z flow rate increased from 10 cc/min to 50 cc/min, less amount of Fe304
was obtained.

(3) On carburization, the ZSM=-5 (Fe) samples at 250°C with CO/B2 ratio
1:1 (100 cc/min total gas flow) showed the presence of x-carbide (Fescz),
cementite (FeBC), and Fe304. It was found that the X-Fescz
compared with the cementite phase. It should be stressed that the carbiding

is dominant
was found to be completed at 16 hours.

(4) The used catalysts (ar 280°C for 48 hours) originally prepared by

carbonyl impregnation showed the same spectra as obtained with the carbided

catalysts. This showed that the catalyst displayed steady catalytic activity
and selectivity as the reaction proceeded. When the reaction temperature
was changed to 300°C, no major change was found but a slightly increased
S-Fe3c (cementite) was obtained over a period of 3 days. This confirms that
the catalyst was fairly stable at different reaction temperatures. In

contrast, as the reaction time was extended, the used catalysts derived from

nitrate impregnation showed relatively more cementite as compared to the
X-carbide. Previously, we have shown [7] that the x-carbide is more active

than cementite. Thus, it is evident that the nitrate impregnated catalyst
exhibited unsteady activity and selectivity to liquid hydrocarboms.




(5) A significant metal-support interaction was fourd in the case of

fresh catalysts prepared by carbonyl impregnation on Mordenite with varioes
$10,/A1,05 ratios.

In the following sections we describe the specific details of Mbssbauer
in-situ studies obrained for samples 81-3 (Fe3(00)12 on ZSM-5) and 81-12
(Fe3(C0)12 on Mordenite).

(A) The room temperature Mossbauer spectrum (Fig. 5) of impregnated
sample of FeB(CO)lz on ZSM-5 shows a strong doublet with isomer shift of 0.4
mm/sec and quadrupole splitting of 0.95 mm/sec similar ro that observed by
Coey and Khalafalla [8], and associated with ultrafine particles that wers
jdentified as ferrimagnetically ordered superparamagnetic Y-Fezo3. This

aspect was confirmed by x-ray diffraction as well as magpetic measurements

[9]. Particle size calcularions from magnetic measurements of this finely
dispersed catalyst, assuming spherical particles, yield an average particle
size in the range 60-66 X, in agreement with x-ray diffraction line broadening.
However, the room temperature Mossbauer spectrum (Fig. 6) of impregnated
Fe3(C0) 12 o0 Mordenite (SiozlA1203 = 11.4) shows a2 doublet with iso:Fer shift
of 0.375 mm/sec and quadrupole splitting of 0.741 mm/sec due to Fe}'_ from
antiferromagnetically ordered superparamagnetic Y—Fe203. This was also confirmed
by magnetic measurements. It should be noted that as the SiOZ/A1203 ratio
in~reased from 11.4 to 17.4, the iscmer shift increased to 0.383 mm/sec

and then decreased to 0.331 mm/sec at 2 S:‘.OZIA1203 ratio of 20.4. As the
s:‘.oz/m.203 ratio further incareased to 61.82, an isomer shift of 0.191 mm/sec
was obtained alecng with a small sextet arising from bulk iron oxide.

(B) The room tempercture Mossbauer spectrum of the catalyst (semple 81-3)
reduced in Hz (50 cc/min) at 450°C for 30 minutes shown in Fig. 7 consisted
of a sextet corresponding to metallic iron (Fe®), two swmall sextets corresponding
to F¢30 , and a central doublet corresponding to Fe3+ which showed incomplete
reduction (see arrow shown in Fig. 7). As shown in Fig. 8, when the catralyst
was reduced for 24 hours, the central doublet was decreased (see arrow shown
in Fig. 8). However, the reduction was completed in 2 ho-urs since rthe same

Missbauer spectra were obtained from 2 hours to 24 hours. 4s mentioned



previously, relatively more Fe3o4 was obtained when the Hz fow rate was

decreased. A typical spectrum of catalyst reduced for 2 hours at Hz = 10 cc/min
is shown in Fig. 9.

The room temperature spectrum of the sample 81-12 reduced in Hz (10 cc/min)
at 450°C for 4 hours shown in Fig. 10 consisted of metallic irom, Fe304 and
Fe2+. However, the more Fe304 content was observed in this case.

(C) The carbiding was carried out at 250°C with CO/E2 racio 1:1
(100 cc/min total gas flow) for 24 hours. The spectrum of carbided 81-3
shown in Fig. 11, collected after ¢ hours of carbiding, consisted of ?e304,
B-Fe3C, x—FeSCZ, and Fe® which indicates that the carbiding was not completed.
As shown in Fig. 12, when the catalyst was carbided for 19 hours, the carbiding
was completed with no iron shown in the spectrum. It should be noted that
the carbiding was completed at 16 hours. However, the spectrum of catalyst
carbided for 24 hours is shown in Fig. 13 which shows no major change from
Fig. 12.

The spectrum of catalyst 81-12 carbided ar 250°C with CO/H2 ratio 1:1
(20 cc/min total gas flow) for 20 hours shown in Fig. 14 consisted of Y-Fe,04

and Fe304. No iron carbide (in any phase) was found in the carbided sample.

(D) The synfuel gas reaction was first carried out with CO/B2 = 1:1
(100 cc/min total gas pressure) at 280°C for 48 hours. The spectrum (see
Fig. 15) obtained after a l2-hour :im shows similar to that observed at
carbiding stage. The reaction temperature was then increased to 300°C for
72 hours. Similar spectra shown in Figs. 16 and 17 were obtained after e
12-hour run and 48-hcur run, respectively. This indicated that the catalyst

was fairly stable at various temperatures as the reaction time went on.

VIII. CONCLUSIONS

(1) The catalysts prepared using Fe3(CO)12 impregnation on ZSM-5 showed
y-re203 with better dispersion and smaller particle size which lel to high

surface area.



(2) The Hz flow rate varied the ‘é‘e304 content at the reduction stage.
Under normal reducrion comditions, the reduction is completed in two hours.
High Hz flow is suggested in oxder to obtain complete reductiom.

(3) The carbided catalyst with carbonyl impregnation showed no phase
change in the synfuel gas reaction. This confirmed that the catalysts were
very stable and the activity obtained from PEIC samples at 300°C was mainly
due to the temperature effect.

(4) Low activity of iron on Mordenite catralyst resulted possibly from the
extensive oxidation of the carbided catalyst.

(5) The catalysts prepared using Fe3(co)12 impregnarion on Mordenite
with various SiOZ/Alzo3 ratio showed Y-Fe203 with various isomer shifr arising
from the change of chemical environment. This is an evidence of strong metal

suppert interacrion (SMSI) due to the acidicy of the catalyst supporc.
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Fig. 14 8112, carbiding with n2/C0 = 111, 10 cc/min, at 250°C for 20 hrs.
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Fig. 15 81-3, Run with HZICO = 1:1, 50 cc/min, at 280°C for 12 hrs.
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Fig. 16 81-3, Run with Il2/CO = 1:1, 50 cc/min, at 300°C for 12 hrs.
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1 MOSSBAUER SPECTROSCOPY RESULTS

DOE Contract DE-AC-22-B1PC41265. Principal Investigator Prof. L.N. Mulay, 136 Mat. Res. Lab., The Pennsylvania
State University, University Park, PA 16802

Sample No. Sample State Description of Mossbaver Spectra and Interpretation
81-1 Z5M-5 (16% Fe) Used large amount of Fe;04, FesCa, and a strong doublet
81-2 ZSM-5 (Fe) added Used FesC2, FesC, no presence of Fej0,
with Fe;0,
81-3 ZSM-5 (15.2% Fe) Fresh strongly unresolved doublet corresponding to y-Fe;0,
81-4 Z5M-5 (15.2% Fe) Reduced :;xrgggks corresponding to iron metal and small central doublet due
81-5 25M-6 (15.2% Fe) Carbided FesC,, Small amount of Fe;04, and doublet corresponding to Fe®t
81-6 Silicalite (10% Fe) Fresh  doublet due to Fe’*
81-7 Silicalite (20% Fe) Fresh  doublet due to Fe®*
81-8 ZSM-5 (14.7% Fe)  Fresh  doublet due to Fe**
81-9 ZSM-5 (14.7% Fe) Used FesC2, large amount of FesC, and doublet due to Fe®*

81-10 Z5M-5 (15.2% Fe) Reduced Fe-metal (v85%) and doublet due to Fe't
81-11 ZSH-5 (15.2% Fe) Carbided FesCz2, Fei0y, and doublet due to Fe®*

?EiC-Pit;zburgha SA{]ShOUId]be billed for 511,000i Submitted by:‘ng <:;}\ ,:>1f«_’v~’/"
even Thousand Dollars only at this time according v e ) g
to contract terms) ’
L.N. Muiay

Professor of Solid State Science

Date: November 2, 1981
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T MOSSBACER SPECTROSCOPY RESULTS

)E Contract DE~AC-22-81PC41265. Principal Investigaror Prof.
iiversity, University Park, PA 16802

.ample No.

Sample and Its State

L.N. Mulay, 136 Mat. Res. Lab., The Pennsylvania State

Description of Mossbausr Spectrs sand Interpretacion

81-12

81-15

81-18

81-21

81-24

31-27

21-28

31-3A

Mordenite (S102/A1203 = 11.4) with 15.112 Fe
izpregnazed using carbonyl. Fresh catalyst.
Fe 3-356/H-Mordenite AR

Sazple 21-12 calcined i air at 500°C.
Fe 3-156/H-Mordenite 500°C.

Mordenite (S102/Al203 = 17.4) with 17.082 Fe
impregnated using carbooyl. Fresh catalyst
Fe 3-354/H-Mordenite AR.

Sample 81-18 calcined in air ar 500°C
Fe 3=354/B=-Mordenite 500°C.

Mordenite (Si0;/A1204 = 20.4) with 16.131 Fe
impregnated using carboaoyl. Fresh catalyst.
Fe 3~357/8-Mordenite AR.

Sample 81-24 calcined im air at 500°C.
Fe 3-357/5—50:&::1:; 500°C.

Mprdenite (51021A1203 = 61.82) with 142 Fe
izpregnated using carbonyl. Fresh catalyst
Fe 3=361/B=-Mordenite AR.

Z5M-5 (Fe). TFr-:zn catalyst impregnared using
Fe3(C0)12- (Fresh 359-J). Calcined in air
at 600°C in our lab. (This werk was dome

to check the ealcining effect at higher
temperature using an acidic ZSM-5 structure).

C-Pirtsburgh, PA, should be billed for 58,000. (Eight
- ysand Dollars only at this time accordiog to comtract

2: January 13, 1982

Strong asymmezric doublet dus to h}' from
(ferriz~gunetically ordarsd superparamagnetic)
v-Fep05 [1.S. = 0,375 am/s. Q.5. = 0.741 ma/s].

Small asymsscric doublet due co Ec'“ from
(antiferromsgnetically ordered superparamagnetic)
o-Fey04 and & six-pesk magnetically ordered
a=Fey03 [I.5. = 0.438 ma/s, B.F. = 512 KDe}.
Strong asymmetric coublet due to Fe" frow
(ferrimagnetically ordered superparamsgnetic)
Y-Fey05 (I.S. = 0.382 wa/s, Q.5. ® 0.744 mm/s’.

Small asymmsetric doublet due to }'e}' from
(antiferromagnetically ordered superparamagnetic)
a-i‘ezo3 and a six-peak magnetically ordered
a-Fe203 (I.S. = 0.430 um/s, H.F. = 511 KOe].

Strong doublet from Fey and a small peak (due
to Fe<+) with posicive I.S. and lsrge Q.5. from
superparamagnetric iron-o:iiide. The acidic H

in the latter plays an ixportant role in the
reductipn process.

Small asymmetric doubler due to Fc}’ from
(antiferromagnetically ordered superparamagnetic)
3-Fe203 and a2 six-peak magnetically ordered
o-Fe204.

$ix small peaks with a Eoalesced doublez) stromg
peak at the center arising from magnetically
ordered iron-oxide(s). Increase in $102/Al203
ratio gives rise to complex spectnm.

The ro=plex spectrum corresponds to zostly
Fe304, with a trace of a double: as seen in
previous cases. The acidiry and "crystal
field" effects are -esponsible for the
complexity of the spectrum.

Submitted by: .

_ —_ ~ Ji
4 -t . 2T

U .

L.N. Mulay
Professor of Solid State Sciemce




DOE Contract DE-AC-22-81PC41265.

fti MOSSBAUER SPECTROSCOPY RESULYS
—

State Uciversity, University Park, PA 16802

Principal Investigaror Prof. L.N. Mulay, 136 Mat. Res. Lab., The Peansylvania

Saaple No. Sample and Its State Description of Mossbauer Spectra and Interpretation
81-3 ZSH-5 (15.22 Fe) ZFresh stzong doublet corresponding to superparaamsgnetic Y-FeyO3
catalyst impregnated using (I.5.=0.4 zm/sec, Q.5.=0.95 mu/sec)
Fe3(C0)12 (Fresh 359-3)
81-3-1 81-3, Reduction for 2 hrs six peaks corresponding to Fe® plus large amount of Fe30; (40R)
with Hp»10 cc/min at 450°C
81-3-2 81~3, Reduction for 2 hrs six peaks corresponding to Fe® plus Fe30; (n20Z)
with H2#40 cc/min av 450°C
31-3~3 81~3, Reduction for 20 amin six peaks correspouding to Fe®, two small sextets corresponding
with 3750 cc/min atr 450°C to Fez0;, and cencral doublet (Fe3t) shows incomplecé reduction.
We eonclude at this point that the flow rate of Hy is very important.
31-3— 81-3, Reduction for 24 hrs six peaks corresponding to Fe®, two small sextets corresponding
with 57=50 cc/min acr &50°C to Fez0,, and central doublet (Fe3*) is reduced comparing to
81~3-3. The reduc:tion is completed in 2 hrs. Same Mogshauer
speccra were cbtained from 2 hrs to 24 hrs.
81~3-5 81~-3, carbiding with H;ICO- complex spectrum consists of three sirtes coxresponding vo yx~-FesC,
1:1, 50 cc/min, at 250°C for small six peaks corresponding to fe®, and very small Fe30;. The
9 hrs. carbiding is incomplete at tiis stage.
31-3-6 81~-3, carbiding with n;‘./co- carbiding is complered ar this stage. x-FecC; plus small Feq0g-
1:1, 50 cc/min, at 250°C for No Fe was found in the spectrum. We conclude at this poinc char
19 hrs. the carbiding need not be carried cut for 24 hrs.
31-3-7 81-3, casbiding wich Hy/CO= specrrum shows no change from 81-3-6 but with slightly reduced
1:1, 50 ¢c/min, at 250°C for line width due to sintering, very small amount of Fe3C 1s possibly
24 brs. formed.
31-3~3 81-3, Run with H2/CO=l:1, mostly x-FejCy, small Fej0;, aud very small 8-FesC possibly formed
50 cc/min, ar z80°C for 12 hrs.
31-3-9 81-3, Run with Hp/CO-1:1, mostly Xx=-FesC2. small Feq0,; and 8-Fe3C ldentical to spectrum
50 cc/min, ac 280°C for 24 hrs. obtaines from 81-3-8
3l=3~10 8l-3, Run with H,/CO=1:1, X~FesC; is dominant in this spectrum apd no major change as the
50 ce/min, at 300°C for 12 hrs. reaction temperature is raised Srom 280°C to 300°C. But peak
intensity ratio slighrly changes. This shows that unresolved
phase is possibly removed.
81-3-11 Rl-3, Run with Hz/CO=1:1, A similar spectrum as above is obtained, showing no major change.
50 cc/min, at 300°C for 24 hrs.
31-3-12 81-3, Run with Hp/CO=i:1, The same spectrum as above was observed.
50 cc/min, at 300°C for 48 hrs.
31=3~13 81~-3, Run with H7/CO=l:}1, The specrtrum remains the same 325 above. This confirms that the
50 ce/min, et 300°C for 72 hrs. catalyst is very stable at this stage.
Ji-3-14 81-3, Run with Hp/CO=l:l, The spectrTum has no major change as the temperature is decreased
50 cc/edn, ac 280°C for 24 hrs. to 280°C. Slightly increased 8-Fe3C is seen due to intensity change.
31=3~15 81-3, Run wich Hp/CO=1:1, The similar spectrum is obrained as above. The catalyst is still

PEIC-Pitcsburgh, PA, should be billed for $11,000

50 ze/min, at 280°C for 48 hrs.

(Eleven Thousacd Dollars OMLY at this time
according to contract Terms).
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stable at this scage.
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