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11 OBJECTIVE AND SCOPE OF WORK

1. The chemistry and Cata]ysis of Coai Liguefact%on

Task 1

Task 2

Task 3

Task 4

Task 5

Chem1ca?-Cata1yt1c Studies

Coal will be reacted at subsoften1ng temperatures ‘with selective
reagents to-break bridging Tinkages between clusters with minimal
effect on residual organic clusters. -The coal will be pretreated

to increase surface area and then reacted at 25 to 350°C.  Reagents
and catalysts will be used which are selective so that the coal |
clusters are solubilized with as Tittie further reaction as possibie.

Carbon-~13 NMR_Investigatioﬁ of CDL ‘and Coal

Carbon-13 NMR spectroscopy will be used to examine coal, coal derived
Jiquids_(CDL) and residues which have undergone subsgftening reactions
in Task 1 and extraction. Improvements in NMR techniques, 'such as
crosspolarization. and magic angle spinning, will be applied. - Model
compounds will be included whzch are representative of structural
units thought to be present in coail. .Comparisons of spectra from
native coais, CDL and residues will provide ev1dence for bondings
which are .broken by mild conditions. - '

Catalysis and Mechanism of Coal Liguefaction

This fundamental study will gain an understanding of metal sait
chemzstty and cata]ys1s in coal Tiguefaction through study of reactions
known in organic chemistry. 7Zinc chloride and other catalytic
materials wiil be tested as Friedel-Crafis catalysts and as redox

" catalysts using coals and selected model -compounds.. Zinc chioride,

a weak Friedel-Crafts catalyst, will be used at conditions common to
coal Tiquefaction to participate in well defined hydrogen transfer
reactions. . .These experiments will be augmented by mechanistic
studies of coal hydrogenation using high- pressure thermograv1metr1c
analysis and structural analysis. The results of these studies will
be used to develop concepts of catalysis invoivéd in coa1 liquefac=
tion.

Momentum Heat and Mass Transfer in CoCurrent Fiow of Particlie-Gas
Systems for Coal Hydrogenation ' : :

A continuation of‘ongafng'stud?es of heat and transport phenomeni in
cocurrent, co-gravity flow is planned for a one-year period. -As time
and development of existing work permits, the extension of this study
to include a coiled reactor model will be undertaken. Mathematical
models of coal hydrogenation systems will utilize correiations from
these straight and coéiled reactor configurations "

The1Fundamenta1 Chem1stry and Mechan1sm of Pyrolysis of B1tum1nous
Coa

Previous work at the University of Utah indicates that coal pyro1ysas,
dissolution (in H-donor) and catalytic hydrogenation all have similar
rates and activation energies. . A few model compounds will be pyrolyzed
in the range of 375 to 4750C. Activaticn-energies, entropies and pro-



duct distributions will be determined. The reactions will assist
in formulating the thermal reaction routes which also can occur
during hydro-liquefaction.

II. Catalytic and Thermal Upgrading of Coal Liquids

Task 6

Task 7

Task 8

Catalytic Hydrogenation of CD Liquids and Related Polycyclic Aromatic
Hydrocarbons

A variety of coal derived (CD) liquids will be hydrogenated with
sulfided catalysts prepared in Task 10 from large pore, commercially
available supports. The hydrogenation of these liquids will be
systematically investigated as a function of catalyst structure and
operating conditions. The effect of extent of hydrogenation will

be the subject of study in subsequent tasks in which crackability
and hydropyrolysis of the hydrogenated product will be determined.
To -provide an understanding of the chemistry involved, model poly-
cyclic arenes will be utilized in hydrogenation studies. These
studies and related model studies in Task 7 will be utilized to
elucidate relationships between organic reactants and the structural-
topographic characteristics of hydrogenation catalysts used in this
viork.

Denitrogenation and Deoxygenation of CD Liquids and Related Nitrogen-
and Oxygen-Containing Compounds

Removal of nitrogen and oxygen heterocatoms from CD liquids ‘is an impor-
tant upgrading step which must be accomplished to obtain fuels
corresponding to those from petroleum sources. Using CD liquids as
described in Task 6, exhaustive HDN and HDO will be sought through
study of catalyst systems and operating conditions. As in Task 6,
catalysts will be prepared in Task 10 and specificity for N- and O-
removal will be optimized for the catalyst systems investigated.

Model compounds will also be systematically hydrogenated using effec-
tive HDN/HDO catalysts. Kinetics and reaction pathways will be
determined. A nonreductive denitrogenation system will be investigated
using materials which undergo reversible nitridation. Conditions will
be sought to cause minimal hydrogen consumption and little reaction

of other reducible groups.

Catalytic Cracking of Hydrogenated CD Liquids and Related Polycyclic

‘Naphthenes and Naphthenoaromatics

Catalytic cracking of hydrogenated CD 1iquid feedstocks will be studied
to evaluate this scheme as a means of upgrading CD liquids. Cracking
kinetics and product distribution as a function of preceding hydro-
genation will be evaluated to define upgrading combinations which
require the minimal level of CD liquid aromatic saturation to achieve
substantial heteroatom removal and high yields of cracked liquid
products. Cracking catalysts to be considered for use in this task
shall include conventional zeolite-containing catalysts and large-
pore molecular sieve, CLS (cross-linked smectites) types under study
at the University of Utah. Model compounds will be subjected to tests
to develop a mechanistic understanding of the reactions of hydro CD
1iquids under catalytic cracking conditions.



Task S Hydropyrolysis (Thermal Hydrocrack1ng) cf ch L1qu1ds ,

Heavy petroleum fractions can be thermaliy hydrocracked over a spe-
cific range of conditions to produce Tight liquid products without
excessive hydrogenation occurring. This noncatalytic method will

be applied to a variety of CD liquids and model compounds, as
mentioned in Task 6, to determine the conditions necessary and

the reactibility. of these CD feedstocks with and without prior
hydrogenation and to derive mechanism and reaction pathway informa-
tion needed to gain an understanding of the hydropyrolysis reactions.
Kinetics, coking tendencies and product compositions wiii be studied
as a function of operating cond1t10ns :

Task 10 Systematic Structural-Activity Study of Supported Su]fide Cata?ysts
for Coal Liquids Upgrad1nq

This task will undertake catalyst preparat1on characterzzation and
measurement of activity and selectivity. .The work proposed is a
fundamental study of the relationship between the surface-structural

. properties of supported suifide catalysts and their catalytic -
activities for various reactions desired. Catalysts will be prepared
from commercially available. .Supports composed of alumina, silica-
alumina, silica-magnesia and silica-titania, modification of these
supports to change ac1d7ty and to promote interaction with active
catalytic components is planned. The active constituents will be
selaected from those which are effective ina sulfided state, including
but not restricted to Mo, W, Ni and Co. The catalysts will be pre-
sulfided before testing. Catalyst characterization will consist of
physico-chemical property measurements and surface property measure-
ments. -Activity and se]ect1V1ty tests wiil also be conducted using
‘model compounds szngly and in combination. . :

Task"11 Basic Study of the Effects of Coke and Poisons on the Act1v1ty of
Upgrading Cataiysts

This task will beg1n in the second year of the ccntract after
suitable catalysts have been identified from Tasks 6, 7 and/or 10.

. Two commercial catalysts or one commercial catalyst and one cata]yst
prepared in Task 10 will be selected for.a two-part study, (1) simu-
lated laboratory poisoning/coking and (2) testing of realistically
aged catalysts. Kinetics of hydrogenation, hydrodesulfurization,
hydroden1trogenat1on and hydrocracking will be determined before and
after one or more stages of simulated coking. Selected model com- -
pounds will be used to measure detailed kinetics of the above reac-
tions and to determine quantitatively how kinetic parameters change
with the extent and type of poisoning/coking simulated.- Realistically
aged catalysts will be obtained from ceal Tiquids upgrading experiments

- from other tasks in this program or from other Taboratories conducting
long-term upgrading studies. Deactivation will be assessed based
on specific kinetics determined and selective poisoning studies will
be made to determine characteristics of active sites remaining;

Task 12 D1ffus1on of Pe]yaromat1c Compounds in Amorphous Cataiyst Supports

1 diffusion of a reactant species to the active sites of the catalyst
is siow in comparison to the intrinsic rate of the surface reaction,
then only sites near the exterior of the catalyst particles will be
utilized effectively. A systematic study of the effect of molecular
size on the sorptive diffusion kinetics relative to pore geometry will
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be made using specific, large diameter aromatic molecules. Diffusion
studies with narrow boiling range fractions of representative coal
liquid will also be included. Experimental parameters for diffusion
kinetic runs shall include aromatic diffusion model compounds, sol-
vent effects, catalyst sorption properties, temperature and pressure.

ITII. Hydrogenation of CO to Produce Fuels

Task 13 Catalyst Research and Development

Studies with iron catalysts will concentrate on promoters, the use of
supports and the effects of carbiding and nitriding. Promising
promoters fall into two classes: (1) nonreducible metal oxides, such
as Ca0, K20, Al1203 and Mg0, and (2) partially reducible metal oxides
which can be classified as co-catalysts, such as oxides of Mn, Mo,
Ce, La, V, Re and rare earths. Possible catalyst supports include
zeolites, alumina, silica, magnesia and high area carbons. Methods
of producing active supported iron catalysts for CO hydrogenation
will be investigated, such as development of shape selective catalysts
which can provide control of product distribution. In view of the
importance of temperature, alternative reactor systems (to fixed bed)
will be investigated to attain better temperature control. Conditions
will be used which give predominately lower molecular weight liquids
and gaseous products.

Task 14 Characterization of Catalysts and Mechanistic Studies

Catalysts which show large differences in selectivity in Task 13 will
be characterized as to surface and bulk properties. Differences in
properties may provide the key to understanding why one catalyst is
superior to another and identify critical properties, essential in
selective catalysts. Factors relating to the surface mechanism of
CO hydrogenation will also be investigated. Experiments are proposed
to determine which catalysts form "surface" (reactive) carbon and

the ability of these catalysts to exchange C and 0 of isotopically
labelled CO. Reactions of CO and Hy at temperatures below that
required for CO dissociation are of particular interest.

Task 15 Completion of Previously Funded Studies and Exploratory Investigations

This task is included to provide for the orderly completion of coal
liquefaction research underway in the expiring University of Utah
contract, EX-76-C-01-2006.



111 Highlights to Date

- Studies on the basic .properties of supported suifide catalysts showed
that different supports have a profound influence on catalytic activities
of ‘CcMo catalysts. . The three functions .of hydrodesulfurization, hydro-
genation and cracking were differently affected depending on the support
- used and the manner of preparation of the catalyst. Also. incorporation
of additives to the support showed that the d?fferent cataiyt1c functions
can ‘be seiect1veiy affected ’

4 A systematic study concerned With cataiyt1c crack1ng of coa?-der1ved'
1iquids, viz., an SRC-11 middie- heavy distillate and four hydrotreated
SRC-11 ?reducts was carried out in the range of 375 - 500°C" (LHSV 0 2 -
3:9-hrt). Hydretreatment, even to a Timited extent, results in a~
remarkabie improvement in the yield of gasoline-range products from the
SRC-I1 distillate. This improvement is ascribed to: (a) hydrogenclysis

_ reactions leading to lower molecular wevght ‘feedstock ‘components and-

{b) 1imited hydrogenation of aromaiic ' rings leading to poiycyciic feed
cemponents with sufficient concentration of hydrearemat1c rings needed
for effective cracking The results with model compounds and the data
on hydragen consumption during hydrotreatment of SRC-II Tiquids indicate
that fer tricyclic. tetracyclic, and pentacyciac cocal-Tiquid components
the' eptimai concentration of hydroarcmatic rings for efféctive subsequent
crackang is at least two rings per mo?ecuie.

Papers aﬂd Presentations

1;' R. Pugmire, "Structural Characterization of Coal Macerals Us7ng 13¢
.CP/MAS Techniques," presented at the Gordon Research Conference, :
New Hampton, New Hampsh1re, June 30 7980. - -




Task 2
Carbon-13 NMR Investigation of CDL and Coal

Faéulty Advisor: R.J. Pugmire
Post-Doctoral Fellow: D.K. Dalling

Introduction

The work carried out over the last several months has focused on
three aspects of the application of CP/MAS (cross polarization, magic
angle spinning) NMR to fossil fuels. The first and most extensively
investigated area has been in the development of probes and rotors to
increase the sensitivity and ease of experimentation without sacrificing
resolution or spinning speed. The second area has been an assessment of
the reliability of quantitative results obtained from CP or CP/MAS ex-
periments. Thirdly, the technique has been applied to two well charac-
terized western whole coals at this time.

The initial work on the analysis of coal-derived liquids obtained
from 24 producing Utah coal mines has also been completed.

Project Status -

The probe and magic angle spinner previous'ly1 developed in this
laboratory have served as the starting point for furthering the state-
of-the-art in this field. Several aspects of this design make it very
useful for routine examination of fossil fuels.

A unique aspect of this probe is that the sample may be removed
without having to remove the probe from the magnet and a new sample
inserted without having to readjust the magic angle. Samples of 150 mg
can be routinely spun at speeds 2 4.0 KHz making sideband free operation
possible in 23 kg magnetic fields. In most instances this experimental
set-up is optimum, especially if one is sample limited. However, in the
analysis of fossil fuels, one is usually not sample Timited. If a
larger sample can be spun, the greater sensitivity realized will be
translated into increased sample throughput. While a spectrum can be
observed in ~2000 scans (1,7 hr) on 150 mg samples, it is best to collect
10 to 25 thousand scans (8 to 20 hr) for sufficient signal to noise to
allow resolution of differing chemical types. With this in mind, a probe
and spinner system is being developed that is capable of spinning samples
of 500 mg or more at rates over 6 KHz. This will represent at least a
three-fold increase in sensitivity over the current probe with an
associated order of magnitude savings in time.

The basic difficulty associated with the CP/MAS .experiment is in
spinning the sample fast enough to reduce the spinning sidebands to less
than a few percent. This is illustrated well in a comparison of the
spectra of 9 methyl, 9-10 dihydroanthracene taken at two different magne-
tic fields and spinning rates (Figure 1). The upper spectrum is taken



at 25 MHz for 13C and at a spinning rate of approximately 5 KHz. The
sidebands are nearly imperceptible and are located well out into the wings
of the spectra. In the Tower trace, taken at 50 MHz for 13¢ and at a
spinning rate of 1.5 KHz, the spectrum is dominated by the sidebands,
which go up to the fourth order. Furthermore, the intensity of the side-
bands have an assymetry of approx1mate1y 50% representative of the nature
of the chemical shift tensors. At this field strength, in order to pro-
vide a sideband free spectra of comparabie qua11ty to that obtained at

23 kg, one wouid reguire 10 KHz sample spinning rate.

As a rule of thumb, the minimal useful spinning rate needed for- 13C
CP/MAS spectroscopy must be equal to or greater than 150 ppm at the field
being useds and a value of 200 ppm is preferred to assure the absence of
overiap of spectra1 Tines and sidebands in many substances. Exper1ence
has shown that spinning at this rate will generai]y reduce the sidebands
of the aromatic and carbonyl carbons to <10% of the total.intensity and
push the upfield sideband on the upfield side of the aliphatic carbons.

The following are ranges of necessary sample rotation rates at 111ustrat1ve
field strengths:

Magnetic Field of " ' Range of Spinning Rates Needed

14 kg (15 Mz for 13¢) 2250 - 3000 Hz
23 kg (23 MHz for 13¢) 3750 - 5000 Hz
46 kg (50 MHz for 13¢C) 7500 - 10000 Hz

The general multi-purpose NMR spectrometer of the immediate future
is evolving as an instrument based on a 46 kg superconducting solenoid
and, as such the ability to spin at speeds of at Teast 7500 Hz is needed .
to make the CP/MAS technique practical at these field strengths. In many .
cases the extra dispers1on afforded by higher fields reveals more struc-
tural information and is accompanied by greater sensitivity. (Sensitivity
increases approximately as the 3/2 power of the field strength.) Line-
widths do however often scale with field if they are dominated by the
spread of suscept1b111t1es seen by the resonant nuclei, and in this case
no additional resclution is realized at higher fields. Genera]?y, some
fraction of the gain in d?S?E?SiOﬂ is realized. A comparison of the spectra
taken at 25 and 50 MHz for 13C of 9,9,10 trimethy1-9,70 dihydroanthracene .
is typical (Figure 2). Although the extra resolution is not a full-factor
of two, one does observe an 1mprovement of approximately 1/3.

For a sample of 500 mg, the prablem now is how to rotate the samDTes
at a minimum_rate of 7500 Hz. A sample 1/4 in. in diameter and 5/8 in.
tall (0.5 cm3) has been chosen. ' A material rotor geometry must now be
chosen.  In this probiem there are two des1an cr1ter1a

1. The speed at which the rotor sp1ns is Timited by the speed of
sound in the driving medium. It 1is usuai]y practical to spin at
a rate at which the periphery of the maximum diameter of the rotor
-haz a tangental ve1oc1ty of about 2/3 the speed of sound in the
medium, : .

2. The tensile strength of the material must be high enough to take
the tremendous centripetal forces generated at these rates. A
further requ1rement is that the material must aiso not produce a
large bacquound in the CP/MAS exper1ment

Sem



Since spinning will be done with compressed air (speed of sound =
1140 ft/s), the maximum outer diameter of the rotor will be

7500 Hz x = D ft/cycle = 2/3 (1140) ft/sec or D=0.39 in. or ~10 mm

To calculate the stress induced by the sample on the rotor, a simple
model will be used including only the hoop stress in the walls to obtain
the stress due to the sample (og)

Ust = Y'PS

ps_in the pressure at r produced by spinning the sample (assuming a thin
wall cylinder, i.e., r>5t where t is the wall thickness).

Now

w2r?

Ps = ps =7~
where pg is the sample density and assumes the sample is fluid like.

Assuming a density of ~1.0 g/cc, Py, at 7500 Hz with r=0.125", is
1600 psi or ogt = 200 psi-in.

The mass of the rotor will also contribute to the stress in the walls
in a more complex fashion. For this estimate a wall thickness of 0.050"
will be used giving equal volumes of rotor material and sample in the coil.
For p the average of the sample (1.0 g/cc) and the rotor material will be
used. This increases the effective r to a value of’&;outer + r inner)/2.
For the wall thickness of 0.050" and an 0.D. of 0.350', the average r is
0.150° Thus '

=1.0)

_ G;otalt m—350 pgi in or Oiotal = 7000 psi (paverage
Unfortunately this is at the limit of the strength of most plastics.

Listed in Table 1 are a number of materials tried with advantages and
disadvantages.

As noted in the Table, Delrin is the only material used to date
that is suitable for rotation of >7500 Hz with this rotor design. The
deuterated PMMA, Boron nitride and Kel-F have little or no background
but do not wear well as rotors. Below 5 KHz, Kel-F is adequate but deforms
at higher rates. Boron nitride exhibits excessive wear due to the starting
and stopping of the rotor and is not serviceable. The deuterated PMMA, in
theory, should be able to go to +7000 Hz but because of its low impact
strength, hairline cracks develop from starting and stopping the rotor
and from machine fabrication. The cracks eventually weaken the rotor gntil
it explodes violently when rotating. Unfortunately, even though the 13¢
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signal from De]r1n is only a 51ngie 11ne, it can be so intense that in a
iong run, as with fossil fuel samples, it can be difficult to separate it -
from the spectrum. Current?y, the possibiiity of having deutéerated Delrin
made for this appiication is béing investigated as it should give no back-
ground in the spectra. The outside development of giass Tiber reinforced
Kel-F is actively being pursued as another possibility for a rotor material.

 White 13C CP/MAS spectroscopy is recognized as one of the best methods
for characterizing the carbon functionalities present in fossil, fuels, there
is-always the questioniof quantitation-ef'resuits;' Are all the types of
carbon present in coals cbserved and is there any differential discrimination

in the cross polarization process? To begin to answer some of these questions,

. a Timited set of CP-data has been taken on a model-compound, hexamethyT-
benzene (HMB), and on two. of the coals studied under th1s contract The
preliminary findings will be discussed.

.First, consider the probiems in quantifying the cp experiment.'

_ Teo
]3{: L e - I ]H
13 H
1p Tp
Lattice

Consider the above thermodynamic model of the cross polarization process.
Unde{ spinlocking of the TH's in the sample and simultaneous irradiation of
. the !°C undey_the Hartmann-Hahn COndition;-magnet1zat1on is transferred from
the 1H's to 3C at a rate characterized by 1/TcH. - This rate depends on the

strefigth of the dipolar interaction between the 13¢ and its nearest neighbor -

18's.” In a system as heterogeneous as a ccai, there will be a large range
of Tcu'ss, s?ort for groups such as methyis and other protonated carbons and
Tonger for 3¢'s isolated in the interiors of condensed.aromatic rings.

Thus, for short poiar12at1cn times one might expect to preferentially enhance'
the aigna}s due to groups such as methyls, methyTenes and methines. To avoid

this prob1em, iong cross polarization times might be used. However, the pro-
- blem is complicated by other relaxation processes. To fully polarize the
13¢ 4n the sampie, the rate 1/TcH must bé much faster than the rates 1/Ty,%
and 1/Ty, H which characterize how fast the spiniocked magnet12at1ons re?ax
away from the apgiied radio frequency fields. If 1/Tcy is much slower than
/T le or 1/77,'%C, no carbon magnetization will. occur due to the cross
po?ar1zat10n process If TCH is comparabie to the Ty,'s, the competing
rates will dictate a mixing time that will be optimum for data acquisition.
Again., in a heterogeneous system Tike coal, there will be a range of these
rates, and the possibility exists that one type of 13¢ may not be poiarized
as efficiently. ' )

11 -



To determine how these problems can affect the CP response of
fossil fuels, the behavior of two coals was compared to that of a well
characterized model compound, HMB. In Figure 3, the total intensity in
arbitrary units per gram of carbon is plotted for the three samples vs.
mixing time. HMB polarizes quite rapidly and between 0.1 msec to ~1.0
msec increases exponentially in signal intensity with full relative
intensity observed for polarization times in the 1.3 msec range. At
times longer than 3 msec, however, the proton T1p1grocesses start to
appreciably destroy the 1y magnetization, and the" 13¢C magnetization is lost
?gck to the decaying proton reservoir along with some decay caused by the

C T]p processes.

In Figure 4 the value of fq 1s plotted vs. mixigg time. For HMB
the quick rise to a steady state value of about 0.55" shows that, although
the CH3's may polarize faster than the aromatic carbons, the rate /Ty for
both types of carbon is much faster than either T1p]H or T,.23¢ . This
is borne out by the fact that at Tlong mixing times, even tABugh the total
signal is decreasing, both aromatic and aliphatic carbon decrease at the
same rate, i.e., f; is constant. As shown in Figure 4, the fa value has
maximized for HMB when a mixing time of approximately one msec is employed.

The spectral response for HMB will be compared with the accompanying
composite curves for the Hiawatha and New Mexico coals. On the total
magnetization curve (Figure 1), both coals behaved similarly, although
the maximum signal response was observed at slightly shorter mixing times.

At mixing times less than 1 msec, both coals polarize at rates comparable

to HMB, indicating similar Tcy's for these coals and HMB. However, the

full enhancement for the coals is not realized at the maximum (~1 msec)
response time and the relative spectral intensity for the coals is only about
70% to 80% of that obtained for HMB and drops off at a more rapid rate than
that observed for HMB. This is a reflection of shorter IH T1,'s for the
coals. Thus the magnetization starts to decay at shorter times for the coals
and never reaches the full value obtained for HMB. However, as shown in
Figure 4, it is again noted that fa_rapidly reaches a steady state indicating,
for the carbons observed, that the T1p's involved in the decay are similar
for both types of material and as sucﬂ is probably dominated by the proton
T1,'s. Thus, for mixing times of 1 msec or greater, the f; values accurately
re¥1ect 70-80% of the basic carbon structure for these two coals.

Figure 5 displays the response to mixing time of the aromatic carbons
in HMB and the two coals studied. Within experimental error, the response
behavior is similar to that observed in Figure 3 for all carbons and suggests
no gifferentia1 discrimination in the detection of aromatic and aliphatic
carbons.

The preceding discussion leaves two basic questions to be answered.
Is the 70% to 80% of the carbon observed basically the same as that not
observed, or are certain types of carbon-being discriminated against? Why
can only this amount of carbon be seen?

x*

The difference between 0.55 measured fa and the theoretical value of 0.50 is
due to the manner in which the integration was done in this preliminary data
and is a systematic baseline definition problem. This weights the results
toward the more aromatic side as the data taken was nonspinning. This problem
will be systemmatically investigated soon.
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The last Guestion has been part1a11y answered by Gerstein and co-workersz
They have observed relaxation phenomena in the broadline proton spectra of
coals characteristic of a double exponential, .indicating two types of pro-
tons exhibiting very short (m100us) arid-a longer (msec) Ty 1p: Undoubtedly
the protons with the short Ti,'s could account -for neighboring carbons
not being polarized effectave?y and .according to Gerstein, could account
for 10% to 30% of the 13C not being polarized. This observation is con-
sistent with this laboratory's prelimirary-data. ‘Thus part of the reduction
in intensity is because some carbons experience very 1ittle spin polariza-
tion. This is in addition to the observation that protons with large values
of Ty, do not eff1c1ent1y polarize the adjacent carbons. Why some Ty
are 58 much shorter is not known, but it may be due to the presence 09 lccai—
ized paramagnei1c centers in’ the coa?s

The fzrst question has ‘et to - be reso]ved G1ven thet the fost 33C
magnetization is most Tikely due to the protons with much shorter Tj _
the identification of these protons, i.e., aliphatic vs. aromatic, wou?d
tell if any one type of 13¢ ‘were being preferentially burned out of the
spectrum. * In principle, this should be p0551b1e to d? by-indirectly
monitoring the Ty, relaxation of the protons via the 3¢ to which they
are attached -and thus separate them into aliphatic or arcmatic types. The
data in Figure 5, however, indicates that the Toss in arcmatic 51gna1 is
similar in magnitude to that observed when con51der1ng all carbon ,
Furthermore, the effect of paramagnetic species on the CP process. is to
be 1nvest1gated by doping model hydrocarbons such as HMB with controlied
amounts of stable free radicals to check the validity of the paramaqnetzc
induced proton relaxation hypothesis. - By doping model . hydrocarbons to
the same level as determined by ESR spin counts on whole coals: the same
behavior in the model compounds as in the coals should be repréduced.

While the data set collected thus far is Timited, it does raise hope

that the technique may -be more quantitative than it may first appear A
similar analysis needs to be carried out on a number of coals varying
widely in rank, petrographic composition and aromaticity. For the two
coals 1nvest1gated so far, 70% to 80% of the carbons observed. is Tikely to
be representative of the entire coal, prov1ded the protons with Short Tig's
are uniformly distributed throughout the c¢oal. 1In- Tight of the proton
feiaxat1on data in the literature on coals and these data, the amount of °

3¢ not be1n% obsérved may be due to the region in the coal character1zed
by short Ty 's and not due to 1neff1c1ent carbgn: spin polarizations in
extensive. proton free regions (i.e., large condensed:aromatic. rings). In -
either case, the reactive matier (nongraphite Tike) is probably better
characterized in a quantitative sense by the CP experiment than had been
specuiated. These tentative conclusions will hopefully be further sub-
stantiated by the exper1menta1 work to be undertaken as a future part of
this contract.

The spectra have beén taken for a1} coal der1ved 11qu1ds obta1ned from
thé 24 producing Utah coal mines. The 3¢ NMR spectra exhibit general
$imilarities for all the.coal-derived Tiquids.  The coals that have Tow
conversion efficiencies (<60%) exhibit modest structural variations in the
aromatic reg1on, but ali samp1es have essentially identical structurai
features in the a11phat1c region. Furthermare, all fé values cover a narroy
range (0 51 - 0. 55) ‘ . . '
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Future Work

In addition to the future work already outlined, the following studies
will be initiated next quarter:

1.

The Tiquids obtained from coals that have low conversion efficiencies
will be re-examined. In particular, chemical shift reagents will

be used to aid in the analysis of this complex aromatic region.

The results of this work will be compared with similar data

obtained on a CDL obtained from a coal with high conversion effi-
ciencies.

The coals, using CP/MAS techniques, from which each CDL was
obtained will be examined. Also, the unreacted char will be
examined for comparing structural characteristics found in the
solid, liquid, and solid residue.

References
1. K.W. Zilm, D.W. Alderman and D.M. Grant, J. Mag. Resonance, 30, 563 (1978).

2. B.C. Gerstein, Ames Laboratory, Department of Energy, private communica-
tion, April 1980.
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Figure 1. CP/MAS spectra of 9-methyl-9,10-dihydroanthracene.

a) Data taken at 25 MHz with sample rotation rate of
approximately 5 KHz.

b) Data taken at 50 MHz with sample rotation of

approximately 1.5 KHz. The center band is
located at approximately 115 ppm.
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F%éure 2. CP/MAS spectra of 9 9 10 tmmethy'l -9 10-d3hydrcanthracene.
a) 25 Wiz mth sampie rotation rate of appmxmateiy 3 KHz.
b) 5G MHz with sample rotation rate of apprcxmate}y 3.5 KHz.
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CétaiysisvathMechéhiSm;of'Coa1 Liquefaét€6ﬁ. L

Faculty Advisor: 'ﬁ;M.jéédiﬁy
Graduate Student: Jason Mitler”

Introductlon

~ The hydroliguefaction of coaT may be characterized by a mechan:sm which
invoives the initial rupture of éovalent bonds to form reactive intermediates.
These intermediates may be stabilized by hydrogen transfer to form lower
molecular weight products or they may polymerize to form insoiuble char or
coke. Metal halides such as zinc chloride have been shown to be active in-
the bond scission stage of the reaction where as many cata?ysts are active
only in stabilizing the intermediates, often by regenérating a hydrogen
donor. The combination of thermal and catalytic reactions occurring simul-
tanedusly results in a compiicated redction mechanism. . The chemistry of
ZnCl2 will be studied with model compounds and coal .by such reactions as
hydrogen transfers, cieavage of spec1f1c bcnds and interaction- w1th T elec-
tron systems. . ,

A high performance 11qu1d chromathraph HPLC w111 be used to analyze
1iquid products of the reactions under study. Further characterization of
the products will be by nuclear magnetic resonance, NMR structura? ‘analysis
and vapor pressure osmometrv. :

Project Status

- The hexane scluble portion ot coaT hydrogenat1on 11qu1ds were separated
on & p-Bondapack-NHo column into a nonpoliar fraction and a polar fraction.
A typical chrematogram for a sample obtained from Hiawatha coal is shown in
Figure 1. - The polar and nonpolar fractions were celiected for further analysis.
The nonpolar fraction was separated on & p-porasii coiumn The spectra for
~ the Hiawatha coal 11qu1d i§ shown in Figure 2. LT o

Future WQrk

The nonpolar fraction will be separated by reverse-phase éhormaquraphy
using a phenyl coiuwmn. Differences in 1iquids prepared fram different coals
will be_stueied : ' ; - -
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Momentum, Heet and Mass Transfer in Cocurrent Fiow

Faculty Advisor: J.D. Seader
Graduate Student: R. Sorenson

Introduction

Th1s project concerns the momentum and heat transfer phenomena for
gas/so11d suspens1ons moving verticalily upward through a tube The solid
1s a 200 to 400 micron coal samp]e be1ng transported by a1r

Proaect Status

An error analysis of the equat1ons used in caiculat1on of the Fanning
friction factor as applied here to experimental data showed that most ervor
would be introduced by an inaccurate mass flowrate. The air feed rotameter
was recalibrated after an air cooler was installed in the supply compressor.
Some discrepancy was observed from the previously used rela»10nsh1p The
new calibration curve is shown in Figure 1.

Pressure drop runs for air alone were conducted at Reynold 3 numbers
from 5000 to 30,000.. Fanning friction factors were calculated and are
shown in Figure 2. The resulting values are slightly higher than the widely
accepted Nikuradse correlation for smooth tubes. The higher values can be
explained by assuming that the stainless steel tube has s1ightly roughened
walls. A relative roughnass of only 4 X 10-5 1is requ1red to exp1a1n the
VE??&RCE from smooth tube behavior. ,

These same pressure drop resuits showed that between- tube taps 4 and 5,
and 11 and 12 an excessive pressure drop was present.. Therefore, these sec-
tions of the tube should not be relied upon in further measureménts, but’
since these same sections are at extreme ends of the column no adverse
"effects are observed in the steady-fiow sect1ons of the co1umn

Acce1erat1on effects of air alone can be seen 0n1y in tap 1 and at
higher flowrates in tap 2. There is a three-foot section of tube between
the air inlet and the first tap where the air is accelerated, but if needed,
this:section could be tapped. Pressure drop across the entiré coTumn 1s
. at most 4 psi and dens1ty changes are neq11g1b1e in the tube '

Test runs of air/coal part1c1e mixtures were undertaken at solid mass
‘1oad ratios (mass coal/mass air) varying from O to 15 at 7 different.air
mass flowrates. The pressure profiles were obtained for each run and re-
presentative data plots are displayed in Figures 3 and 4. The acceierat1on
of the coal/air mixture is apparent here as can be seen by the increased.’
pressure drops in the Tower numbered taps. Of course, larger pressure drops
¥ere required to transport greater amounts of coal as can be seen 1n the

igures. S



Steady-state pressure drops were taken at taps 9 and 10 and 10 and 11.
These two sets of taps gave repeated agreement (less than 0.05" H20 at
loading ratios less than 10) over what amounts to a four-foot steady-flow
test section. Figure 5 for the steady-flow test section shows steady-
state pressure drops for load ratios of 0 to 10 for 3 different Reynold's
numbers. Qver this range, at least a linear behavior is observed
between pressure drop and density of the fluid/particle mixture.

Future Work

The pressure drop for higher (12 to 18) loading ratios will be
duplicated before being reported. The initial data show deviations from
the linear behavior in Figure 5. Also, computer plots will be made of
all the data not reported here in order to compare with the previously
obtained downflow data. A1l fluid mechanics data has essentially

been obtained but the higher load ratios are more difficuli to obtain
and are less reliable.

The size distribution of the coal particles was obtained initially.
Once the high Toad ratio duplication runs are complete, the size distri-
bution will be obtained again and compared with the original distribution.

The heat transfer section has been prepared and will be installed

shortly. Computer programs will be written to obtain real-time tempera-
ture data from the heat transfer section.

26




‘ l I § L1 1 { {
0 10 20 30 40 50 66 70 80
h " Rotameter Setting

Figure 1. Calibration Chart. 27




000°0¢

000°62 000°02

"S4030'{ UOL]OLU4 |RIuUBWLJDCX]

mmz

000°SL 000°01

*2 d4nbL

000s

@ sjuLog ejeg LejustLJBdX]

#3AUND. ygous,,

aspedny Ly

(yo1) 4

o
w

o
o

o
~

o
(o]

(VOL)X 403084 U0L3oLa4 BuLuuey

28



*saLled Buipeo| snoides 3B $8|1404d 84NSSAU £ .a4nbiy

# de3 woud (34) 9dURISLQ

02 G| oL g
_ | . ] . © - ” ov°a
-G -G -& Lo & -9 g &—E— _
v- P 090
& S ~ —&- $ &
080
y -5 ~E—

\ 00° L

Ay/4te qL 95761 02"
@ 0°0
A S'¥E
D 7°08 A
& 9°€£82
ay/1e0d q|
00g¢zt Iy —j09°1

14/0%H UL

(35/0%H ul) doup adnssad
29



*SOLjed buipeo| snogaen je sayijoud dnssadd ‘p aanbL 4

l# del wouay (34) @dueysig

02

SL

ot

®9

IF

Ay/aLe g 9g° L€

o 0°'0

v L°E

¢ G 401

B 8'€61
Jay/e0d gy
005°¢zz 3ty

13/0%H ut

001

0e°l

ov-l

09°L

08°L

00°¢

0¢¢

(V]

(34/0%H uL) doup aunssaug

30



-91eJMOL} |0 °SA UOAP u;:mmw;m G

(4u/Leod q1)

aunbig

L 041, Jwﬁ 03

AL

926°0 :
RAVA SO
96270
ULW/4LY- 41

B od

Caa/0%H w

0v°0

08°0

0z°1

091

(34/0%H ut) doap 2uNSSRUd

31



Task 5
The Mechanism of Pyrolysis of Bituminous Coal

Faculty Advisor: W.H. Wiser
Graduate Student: J.K. Shigley

Introduction

In the present state of knowledge concerning the fundamental chemistry
of coal liquefaction in the temperature range 375-550°C, the liquefaction
reactions are initiated by thermal rupture of bonds in the bridges joining
configurations in the coal, yielding free radicals. The different approaches
to liquefaction, except for Fischer-Tropsch variations, represent ways of
stabilizing the free radicals to produce molecules. The stabilization
involving abstraction by the free radicals of hydrogen from the hydroaromatic
structures of the coal is believed to be the predominant means of yielding
Tiquid size molecules in the early stages of all coal liquefaction processes,
except Fischer-Tropsch variations. The objective of this research is to
understand the chemistry of this pyrolytic operation using model compounds
which contain structures believed to be prominant in bituminous coals.

Project Status

The pyrolysis apparatus has been assembled. ! Test runs have been conducted
to test the gas flow techniques, heat-up and cool-down times, sample injection
mechanics and insulation efficiency. Extensive experience has been gained in
sample preparation techniques, and a standard order of procedure has been
developed so as to insure sample integrity, an inert atmosphere inside the
tube with the sample and accurate measurement of the actual sample weight.
Problems have been encountered with the plunger mechanism, sample tube sizes,
sample collection and temperature control.

Future Work

More test runs will be made to find methods to improve the plunger
mechanics, sample collection and temperature control. Once these problems
have been adequately dealt with, experiments will be conducted at a series of
temperatures from 3000 to 4500C for varieus times to determine the kinetics
and mechanims of the model compounds pyrolysis. The literature search for
related work will continue, also.

Reference

1. W.H. Wiser et al., DOE Contract No. DE-ACO1-79ET14700, Quarterly Progress
Report, Salt Lake City, Utah, Jan-Mar 1980. ‘
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Task 6

Catalytic Hydrogenation of CD Liquids ahd Related
Polycyclic Aromatic Hydrocarbons‘

Faculty Advisor: J. Shabtai
Research Associate: C. Russell

Introduction

|he main obgect1ve of this research progect is to develop a versatTIe
process for controllable hydrotreating of highly aromatic coal Tiquids,
viz., a process permitting production of naphthenic-aromatic feedstocks
conta1n1ng variable relative concentrations of hydroarcmatic vs. .aromatic
ring structures. Such feedstocks, including the extreme case of .a fully
hydrogenated coal Tliquid, are suitable starting materials for catalytic
cracking, as applied for preferential production of 1ight Tiquid fuéis. 1,2
The overall objective of this project and of a paraliel catalytic cracking
study is, therefore, to develop and opt1m1ze a hydrotreating- cata?yt1c
cracking process sequence .for convers1on of coa1 T1qu1ds into conventicnai
fuels. : .

The present project inciudes also a study of metal su1f1de-cata1yzed
hydrogenation of model polycyclic arenes present in coal liquids, e.g.,
phenanthrene, pyrene, anthracene and triphenylene, as a function of
catalyst type and experimental variables. This part of -the study provides
. basic information on the rate, mechanism and stereochem1stry‘of hydro-
genation of structurally distinct aromat1c systems in the presence of
su1f1ded catalysts.

’Prbject Status

The present report is concerned with some initial results obtained
in a study of the hydrogenation reactions of triphenylene (1) in the
.presence of a conventional sulfided Ni-W/A1203 catalyst. Hydrogenation -
reactions were carried out in an autociave system described elsewhere. -5
The experimental procedure was similar to that used prev1ousiy.3 > Hydro-
. genation products were identified by a combination of gas chromatography-
mass spectrometry, arid by compar1son with pure reference compounds

With triphenylene (1) as feedstock, the product composzt1on obtained
under drastic hydrogenat1on conditions (temperature, 3400C; hydrogen
; pressure, 2600 psi; reaction time, 3 hr) was as follows:

Product Component % by wt
1,2,3,4—tetrahydrotripheny1ene 2) - 46,1
1.2,3,4,5,6,7 ,8-octahydrotriphenylene (3) 17.2
1,2.3.4.5,6,7.8,9,10,11,12-dodeca- 28.8
hydrotriphenylene (4) '
per:hydrotriphenyiene (5) _ 7.9
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Extension of the reaction time to 6 hr under otherwise identical con-
ditions results in partial conversion of compound 2 into the more deeply
hydrogenated products 3 and 4. However, there is relatively minor additional
formation of perhydrotriphenylene (5). These results indicate that while
the three peripheral aromatic rings in triphenylene (1) are hydrogenated at
a fast rate, the residual central aromatic ring in the intermediate compound
4 is resistant to saturation even under drastic processing conditions.
Examination of molecular models of 4, indicates that the hexasubstituted
central ring would be prevented from easy flatwise adsorption on the
catalyst surface, due to steric hindrance by the peripheral hydroaromatic
rings.® This, in turn, could explain the resistance to exhaustive hydro-
genation shown by heavy coal 1iguids, which contain various components with
hexasubstituted aromatic rings.

Future Work

An autoclave has been modified allowing determination of kinetic rate
constants for hydrogenation of coal liquids and of model polycyclic com-
pounds. This autoclave system is presently being used in kinetic studies
of condensed arenes, as well as of condensed heterocyclic-aromatic com-
pounds. The stereochemistry of hydrogenation of model compounds is also
being investigated. The study of the kineticsof hydrogenation of tri-
phenylene will be completed.

References

1. J. Shabtai, A.G. Oblad, W.H. Wiser and S.Sunder, DOE Contract No. E

(49-18)-2006, Quarterly Progress Report, Salt Lake City, Utah, Jan-
Mar 1979.

2. J. Shabtai, S. Sunder and A.G. Oblad, Preprints, American Chemical
Society, Div. Petrol. Chem., Honolulu, Hawaii, Apr 1979, Vol. 24, p 653.

3. L. Veluswamy, Ph. D. Thesis, University of Utah, Salt Lake City, Utah,
1977. .

4. J. Shabtai, L. Veluswamy and A.G. Oblad, Preprints, American Chemical
. Society, Div. Fuel Chem., Anaheim, California, Apr, 1978, Vol. 23, p 107

5. L. Veluswamy, J. Shabtai and A.G. Oblad, Preprints, American Chemical
Society, Div. Fuel Chem., Honolulu, Hawaii, Apr 1979, Vol. 24, p 280.
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Task 7

Denitrogenation and Deoxygenation of CD L1qu1ds and
Related N- and O- Compounds

Facu1ty Advisor: J. Shabtai
S -C. Russell
Graduate Student: Z. Pai

Introduction

The main objective of this research project is to develop effective
catalyst systems and processing conditions for reductive hydrodenitrogena-
tion (HDN), as well as for direct (nonreductive) denitrogenation of coal- .
derived 1iquids (CDL) in a wide rande of nitrogen contents and structural
type composition. This is of particular importance in view of the
higher concentration of nitrogen-containing compounds in CDL as compared
to that of petroleum feedstocks. For a better understanding of denitro-
genation processes, the project includes systematic den1trogenat1on
studies- not only of CDL but also of related model N-containing compounds
found in such Tiquids, e.g., phenanthvridine, 1,10-phenanthroline, carba-
zoles, acridines, etc., as a function of cata1yst type and experimental
var1ab]es. A part of the study is concerned with determination of the
rate, mechanism and sterochemistry of HON of structurally distinct N-
containing aromatic systems in the presence of sulfided catalysts.

Progect Status

The present report discusses some 1n1t1a1 resu]ts obtained in a study
of the hydrogenation reaction of 1,10-phenanthroline (1) over a sulfided
NT-W/A1203 catalyst. Hydrogenat1?n reactions were carried out in an auto-
clave system described elsewhere.’ Reaction products were identified by
a combination of gas chromatography., mass spectrometry and by -comparison
with pure reference compounds . .

: Changes in product composition from hydrogenat1on of 1 were fﬁrst
-1nvest1gated as a function of reaction temperature in the range of 200-380CC
us1ng a constant pressure of 2500 p51g Initial resuits obtained are

given 1in Table 1. ' : . ‘

As seen from Table 1, the main product from 1 obserVed at ZGOOC is
1.2,3,4~ tetrahydrophenanthro11ne (2). With increase in temperature up to
300°C the yield of 2 gradually decreases while that of 1,2,3.4,7.8,9,10-
octahydrophenanthr011ne (3) gradually increases. The yieid of 3 reaches a
maximum around 350°C and then decreases at higher temperature. In the
300-380°C range there is.gradual formation of (a) partially denitrogenated
bicyclic compounds (4), i.e., products in which one of the two nitrogens
in the original phenanthroline molecule has been removed; and (b) fully
denitrogenated monocyciic compounds (5). e.g., aTky]subst1tuted benzenes
and cyclohexanes. Work on the 1dent1f1cat1on of products of type (a) is
presently cont1nu1ng .
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The results obtained indicate that exhaustive denitrogenation of 1
over conventional sulfided Ni-W/A1p05 catalysts is a slow process occurring
to a significant extent only above 350°C. Tt is further indicated that such
catalysts have high ring hydrogenation act.vity, ouc ruche: oW o-X
(aliphatic) hydrogenolysis activity.

Future Work

Kinetic rate constants for the hydrogenation-hydrodenitrogenation of
1,10-phenanthroline will be determined in order to clarify the reaction
mechanism. The study will involve the use of sulfided Co-Mo and Ni-W
catalysts of augmented C-N hydrogenolysis activity (see Task 10).

Reference
1. L. Veluswamy, Ph.D. Thesis, University of Utah, Salt Lake City, Utah, 1977.
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Task 8

Catalytic Cracking of Hydrogenated Coal-Derived
Liquids and Related Compounds

Faculty Advisors: J. Shabtai
A.G. Oblad
Graduate Student: S. Sunder

Introduction

Hydrogenation followed by catalytic cracking provides a feasible
process sequence for conversion of coal liquids into conventional fuels.
Such a sequence has certain.advantages in comparison with a hydrocracking-
catalytic reforming scheme.]

The present project is concerned with the following interrelated sub-
jects: (1) systematic catalytic cracking studies of model polycyclic
naphthenes and naphthenoaromatics found in hydrogenated coal liquids,
e.g., decalin, perhydrophenanthrene, tetralin, 1,2,3,4,5,6,7,8-octa-
hydroanthracene, and 9,10-dihydrophenanthrene, as a function of catalyst
type and operating conditions, and (2) systematic catalytic cracking
studies of hydrotreated middle-heavy distillate from SRC II as a function
of the same variables.

Project Status

Results from catalytic cracking studies of model polycyclic naph-
thenes, e.g., decalin and perhydrophenanthrene, and of model polycyclic
naphthenoaromatics, e.g., tetralin, 1,2,3,4,5,6,7,8-octahydroanthracene,
9,10-dihydrophenanthrene, were reported earlier. The results obtained
in a systematic catalytic cracking study of hydrotreated solvent refined
coal (SRC II) liquids are summarized in this report.

Catalytic cracking of several SRC-I1I liquid products was investigated
as a function of reaction temperature in the range of 375 to 5000C, using
the same apparatus and catalyst (Durabead-8) as in the preceding studies
of model compounds. The feedstocks used in this part of the study con-
sisted of (A) a middle-heavy distillate fraction of the SRC-II product;
and (B) four 1liquid products obtained by hydrotreatment of the above
fraction to different depths. The elemental analyses, C-aromaticities,
and densities of these five feedstocks are summarized in Table 1.

Table 2 and Figures 1 and 2 summarize the.change in product composi-
tion from cracking of hydrotreated SRC-II liquids as a function or reac-
tion temperature. As seen from Table 2 and Figure 1, the yield of C{-Cq
gaseous products increases with increasing temperature and with increasing
depth of hydrotreatment of the feedstock. Further, it is found that coke
formation decreases with increasing temperature and with an increase in
the depth of hydrotreatment. Coke formation with the hydrotreated feeds is
generally much lower, e.g., 4-9% at 425-500°C, than that found with untreated
SRC-II middle-heavy distillate, which yields 19-20% of coke at 425-5000C.
A significant improvement in cracking susceptibility is observed when this
fraction is hydrotreated even to a small extent prior to catalytic cracking.

38




As seen from Flgure 1 for each hydrotreated 11qu1d studied (IIA 118, IIC,
and 11D}, the gaso11ne y1e1d passes through a maximum, which is at a
temperature between 450-475°C for the part1cu1ar operating conditions
(cataiyst and LHSV) used. Further, it is found that the gasoline yield
jncreases markedly with increasing depth of hydrotreatment Up to 66%
of the feed can be cracked to gasoline range material (Cg-230°C).

An 1ncrease_1n crack1ng'suscept1b111ty seems to depend on two
factors: heteroatom content and aromaticity. For SRC-IIA and SRC-IIB,
the C-aromaticity has been Towered only to a moderate extent relative
to that of untreated SRC-II (see Table 1). On the other hand, heteratom
(0, S, N) contents, expeciaily for SRC-IIB, have been sharply reduced.
Apparent?y, at this mild hydrotreatment stage, the 1mpr0vement in catalytic
cracking is due to (a) major decrease in catalyst poisoning by heteroatam
removail; and (b) decrease in the molecular weight and compiexity of the
feed component by removal of heteroatom 1inkages between naphthenoaromatic
clusters. On the other hand, while the hetercatom contents of SRC-IIC
and SRC-IID are not very different from each other, a considerable dif-
ference in gasoline selectivity (v14% at 45006) ‘is observed between these
two Teedstocks, apparently related to the major difference in C-aromaticity
(SRC-11IC, 40%; SRC-IID, 12%; see Table. 1) Apparently, the improvement
assoc1ated with deep hydrotreatment (as in SRC-IID) results mostly from
hydrogenat1on of a major portion of the aromatic clusters or1g1na11y
present in the SRC II middle-heavy distillate.

It can be tentatively concTuded that hydrogen ‘added during the
ear]y stages of hydrotreatment causes a relatively greater improvement
in the catalytic cracking characteristics of coal Tiquids as compared to
the additional improvement resulting from deep hydrotreatment (for hydro-
gen consumption, see Ref. 1). For example, the Hy consumed to produce SRC-IIA
was only 30% of that consumed to produce SRC-IID. SRC-IIA yields a max-
imum of 40% gasoline while SRC-1ID yields a maximum of 66% gasoline under
the operating conditions. While the first improvement in gasoline selec-
tivity of about 37% over SRC-II m1dd1e~heavy distillate occurs with 30%
of the hydrogen conumed, .the further increase of about 26% in gasoline
selectivity consumes the remaining 70% of the hydrogen. However, for a
final evaluation of optimal hydrotreatment depths, a detaiied catalyst
deactivation study wzth hydrotreated SRC-II Teeds would be necessary

. Catalytic crackang of one of the hydrotreated SRC Tiquids (SRC-IIC;
C-aromaticity, 40%) was 1nvest1gated as a function of LHSY (in the range
of 3.93 to 0.20 hr-!) at 4759C, using the Durabead-$ catalyst. The total
process time in each expeériment was kept constant at 30 min.

The results obtained are summarized in Table 3 and F1gure 3 - The
product yields show certain similarity to those found inthe study of the
temperature effect (Table 2, Fig. 1, 2 ), viz., the yield of gases in-
creases, while the yield of total 11qu1d products slowly decreases with
contact time. Further, the yield of gaseline passes through a maximum
(55 wt %) around LHSV=0.3 hr-!, while coke yield gradua?iy increases with
increase in contact time. Also, while coke yield increases with increasing
contact time at a given temperature ,e.g.. 475°C, it decreases with an

increase in temperature at a given contact time (F1gure 1)

39




Catalytic cracking of one of the hydrogenated SRC 1iquids (SRC-IIC,
40% C-aromaticity) was also investigated as a function of reaction tempera-
ture (375-5000C) with a Houdry HZ-1 catalyst, for the purpose of a compari-
son of performance with the Durabead-8 catalyst. The total process time
in each experiment was kept constant at 30 min. The product yields are
summarized in Table 4, while a comparison between the two catalysts is
given in Figure 4. As seen the Houdry HZ-1 catalyst produces more gases
and coke than the Durabead-8 catalyst. On the other hand, the latter
gives slightly lower yields of gasoline-range liquid products than the
HZ-1 catalyst.

Reference

1.. S. Sunder, Ph.D. Thesis, University of Utah, Salt Lake City, Utah, 1980.
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Task 10

Systematic Structural Activity Study of Supported
Sulfide Catalysts for Coal Liquids Upgrading

Facuity Adsisors: F.E. Massofh
- d. Shabta1
Post—Doctorai Fe110w- G. Mura11dhar

Introduction

The objective of this research is to develop an insight into basic
properties of supported sulfide catalysts and to determine how. these )
relate to coal Tiquids upgrading. The proposed program 1nv01ves a funda-
mental study of the relationship between the surface-structural properties
of various supported sSulfide -catalysts and their catalytic activities for
various types of reactions. Thus, there are two clearly defined and
closely related areas of 1nvestigat1on viz., (1) catalyst characterization,
especially of the sulfided and reaction states and (2) eiucidation of the
mode of interaction between catalyst surfaces and organic substrates of dif-
ferent types. The study of subject (1) will provide basic data on sulfided
catalyst structure and fumctionality, and would allow the development of
catalyst surface models. .Subject (2), on the cother hand, involves systematic
studies of model reactions on sulfide catalysts, and ‘the utilization of
data obtained for deveiopment of molecular Tevel surface reaction models
correlating the gecmetry (and topography) of catalyst surfaces with the
steric-conformational structure of adsorbed organic reactants. ' The overall
cbjective of the project is to provide fundamental data needed for design .
of spec1f1c .and more effect1ve catalysts for upgrad1ng of coa1 11qu1ds.

Atmospher1c act1v1ty tests using model compeunds representat1ve of
hydrodesulfurization (thiophene), hydrogenation (hexene) . and crack1ng (iso-
octene) have been deveioped These were employed to assay changes in the
catalytic functions of various supporied CoMo catalysts. It was found that
hydrodesulfurization (HDS) and hydrogenation activities were genera11y un-
affected by the type of alumina used or by the cobalt salt used in the
preparation; whereas, cracking activity varied cons1derab1y, being h1ahest
for y—A]zO3 and cobalt sulfate addition. In a series of catalysts emp]oyinq
s111ca—a1um1na as the support, the two Tormer functions decreased with in-
creas1ng s111ca content, while cracking went through a max1mum 1n act1v1ty

'Proaect Status

Dur1ng this per1od the effects of add1ng an ac1d1c and a bas1c prcmoter
to the standard CoMo/A1204 catalyst were evaiuated Aiso? a step-wise addi-
tion of coha?t was prepared and tested ) ) :

The general method of cata]yst preparat1on was descr1bed in the previous
report. The standard catalyst consisted of 3% Co and 8% Mo supported on y-A1203
The additives were incorporated at 0. 5 wt % levels by an incipient wetness
technique, u51ng a solution of sodium nitrate or anmon i um f1u0r1de. Add1t1qn
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was performed in two modes: (1) to the calcined support or (2) to the
finished calcined catalyst. In the first case, the altered support was recal-
cined prior to addition of cobalt and molybdenum. A special catalyst was
prepared by step-wise impregnation of the cobalt instead of the normal

single impregnation. This consisted of three additions of 1% Co to the 8%
Mo/A1503 catalyst, with calcination at 5400C between additions. In all

cases, the final catalyst was oven-dried and then calcined overnight at 540°C.
The calcined catalysts were sulfided and tested for hydrodesulfurization,
hydrogenation and cracking activities using thiophene, hexene-1 and isooctene
as model reactions. Details of the experimental procedure were given
previously. !

The results of the activity tests are given in Table 1, in terms of
rate constants for the indicated reactions. Significant differences in HDS
and cracking activities were observed between the various catalysts, whereas
hydrogenation activities were not greatly different. For the additives,
the mode of addition, either to the support first or to the finished catalyst,
had 1ittle effect on the resultant activities. This is somewhat surprising,
as the presence of the additive on the support was expected to affect the
subsequent disposition of the Co and Mo phases in the final calcined catalyst;
whereas its addition to the calcined catalyst should not affect the Co and
Mo phases, which are already set in the catalyst. Possibly, the subsequent
sulfiding minimized any such effects that may have been present in the cal-
cined catalyst.

The HDS activities for the catalysts with added fluoride was about the
same as for the standard CoMo/A1,03 catalyst. Addition of fluoride to
A1203 is known to increase the acidity of the Al1503, and this was observed
in tﬁe increased cracking activities of these catalysts as compared with
the standard catalyst. That this increased acidity had 1ittle effect on
. the HDS activity is contrary to results obtained previously using silica-
alumina as th? supports, the latter catalysts showing a marked decrease in
HDS activity.' It has been tentatively concluded that the lower HDS activity
for the silica-alumina supported catalysts must be due to a support effect,
giving a less effective active phase area, than to an acidity effect. This
conclusion is further supported by the lower hydrogenation activities also
observed with the silica-alumina supported catalysts, in contrast to no
loss in hydrogenation activity for the fluoride-promoted catalyst.

The addition of sodium resulted in a Towering in both HDS and cracking
activity. Since sodium will cause a decrease in acidity of the catalyst, the
lower cracking activity of these catalysts is understandable on the basis
that cracking is strongly related to the catalyst acidity. This was observed
in the silica-alumina series run previously. The effect of sodium on HDS
activity is less clear. As sodium oxide, it may adsorb on some sulfur anion
vacagcies in the MoS% phase, which are believed to be the active sites for
HDS,“ thus reducing their number. At any rate, the hydrogenation activity
was not affected by sodium. Hydrogenation appears to be the least sensitive
function to be affected by additives.

Addition of cobalt by step-wise impregnation gave a remarkable increase in
HDS activity over that of the standard single step impregnation._ This is
in agreement with some earlier work on this mode of preparation.3 However,
hydrogenation and cracking functions were much less affected in this catalyst.



In developing viable processes for upgrading coal Tiquids, a distinct
disadvantage is excessive hydrogen consumption. For selective hetersatom
sulfur removal, a high ratio of HDS to hydrogenation would be advaritageous.
IT the results of the Tow pressure, model compound tests adopted here,
showing relative catalytic functions, were to approximately apply to
realistic processing conditionss then catalysts having relatively high ky/ky
ratios should perform best for heteroatom sulfur removal. Neither the
addition of a strong acidic component (fluoride) nor basic component (so-
dium) improved this ratio over the standard catalyst. The step-addition of
Co, however, increased the ky/ky ratio by 60%, and might be considered a
superior catalyst for this purpose. :

.- In treating coal 1iquids, another important catalytic function is
cracking, in order to break down the larger moelcular weight fractions to
products in the gasoline range. Again, excessive hydrogenation is undesir-
able. Therefore, catalysts having high relative cracking to hydrogenation
functions are desirable. Here, higher acidity is believed to be important.
The addition of fluoride showed an improved kc/ky ratio, whereas addition
of sodium gave a Tower ke/ky ratio. The Co-step catalyst also gave a higher
ke/ky.ratio, which would seem to indicate that the disposition of the cobalt
someﬁow affects catalyst acidity. -

Future Work

Work will comtinue on ‘the effect of different supports and additives on
catalyst properties and activities. Supports to be tested inciude Ti0y,
Si0,-Mg0, Zr0z and a pure Al503. Additional additives planned for evaluation
are C1; P, Mg, Ca, Ti and Zr. ' o 4 '

Refereénces

1. W.H. Wiser, F.E, Massoth and J. Shabtai, -DOE Contract No. DE-ACOT- .
. 7SET14700, Quarterly Progress Report, Salt Lake City. Utah, Jan-Mar 1980.

2. F.E. Massoth, Adv. Catal., 27, 265 (1978). -
3. C.K. Chﬁng, PH.D, Thesis, University of Utah, Salt Lake City, ﬁtah, 1979.
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Task 12

Diffusion of Polyaromatic Comﬁ0unds in Amorphous Cata]ysts' f“.'
. Supports S '

_#aduTty Advisor: F.E. Massoth
Graduate Student: A. Chantong .

introduction ; o ; S

This project invoives assessing diffusional resistances within amorphous-
type catalysts. Of primary concern is the question of whether ‘the larger,
multiring hydro-aromatics found in coal-derived liquids will have adeguate
accessibility to the active sites within the pores of typical processing
catalysts. When molecular dimensions approach pore size diameters, the
effectiveness of a particular catalyst is reduced owing to significant mass
transport resistance. An extreme case occurs when molecular and pore sizés
are equivalént, and pores bélow this size are physicaily inaccessibie..

The project objective can be achieved through a systematic study of the
effect of molecular size on sorptive diffusion rates relative t6é pore geometry.
Conceptually, the diffusion of model aromatic compounds is carried out using
a stirred batch reactor. The preferential uptake of the aromatic from the
aliphatic solvent is measured using a UV spectrometer. Adsorption isotherms .
are determined to supplement the diffusion studies. . - g

Initial work entailed development of a suitable reactor, measurement -
techniques and methods of data analysis. These demonstrated that adsorption
was diffusion-controlled. Effective diffusivitiés were larger than predicted
for pore diffusion and a surface diffusion contribution was postulated.
Subsequent studies were extended to other multiarcmatic compounds and aliminas
with similar results. The fractional surface diffusion contribution was ‘
apprecidble and about the same in &11 cases. Because of this,; restrictive -
diffusion effects could not be properly évaluated. However, for the largest
size compound (20R) and smallest average pore size alumina (50R) tested, .

a markedly lower diffusivity was obtained, indicative of a restrictive
diffusion effect. o L o

Project Status - . , o

. 1t had been shown in the last report! that equilibrium adsorption of
naphthalene in cyciohexane with catalyst D was nonlinear and a Freundiich
isotherm was used in fitting the data. If the equilibrium adsorption is
not linear, the curvature of the equilibrium adsorption curve has to be
taken into account in calculating an effective diffusivity from kinetic. runs.
Therefore, the equilibrium adsorption is neéded to properly evaluate the
diffusion runs. ' S R ' .

~ Equilibrium adosrptions of coronéne and mesb-tetfapheﬁyiﬁré?hiﬁe are
shown in.Figure 7. Both curves are fitted by Freundiich isotherm, which

is represented by the following equation:

- 1/n
Mf-ka o
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where Mg is the final solute uptake in mg/cc catalyst, C¢ is the final solute
concentration in mg/1, and k and n are constants for a given solute and
catalyst.

Table 1 shows the values of k and n for naphthalene, coronene, and
meso-tetraphenylporphine with catalyst ?. The values of k and n for naph-
thalene are taken from the last report.' The catalysts were calcined at
5000C for each experiment. Table 1 illustrates that the higher the molecular
weight of the aromatic compound, the higher are the values of k and n. For
a higher value of n, the solute will be adsorbed stronger and the curvature
of equilibrium adsorption curve will be more pronounced.

Future Work

Kinetic runs for coronene and meso- tetrapheny]porph1ne with catalyst D
will be carried out.

Reference

T. W.H. Wiser, F.E. Massoth and A. Chantong, DOE Contract No. DE-ACO1-
79ET14700, Quarterly Progress Report, Salt Lake City, Utah, Apr-June 1980.

TABLE 1

Values of k and n for the aromatic compounds with catalyst D.

Solutes Molecular Weight = k . n

Naphthalene ' 128 15.4 1.26
Coronene 300 128.4 1.50
Meso-tetraphenylporphine 614.8 172.2 1.95
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Task 13

Catalyst Research and Develicupinent

Synthesis of Light Hydrocarbons from CO and Ho

Faculty Advisor: " F.V. Hanson
Graduate Student: Y.S. Tsai

Introduction

The hydrogenation of carbon monoxide for the production of low molecular
weight olefins (Cp-C4) has been investigated over a variety of metallic
catalysts. In particular, iron-manganese catalysts have exhibited signifi-
cant selectivity for low molecular weight olefins. The data of catalyst
screening tests indicated that an iron-manganese catalyst composed of 2.2
parts manganese per 100 parts iron (atomic ratio) was selective for the
production of Cp-C4 olefins. Effects of process variables on the pro-
duct yield and selectivity over a subset of the iron-manganese have been
completed. Most of the data agreed with that found in the literature.

To obtain a more comprehensive analysis of the catalyst performance,
the following steps will be taken: :

(1) The modification of the fixed-bed reactor system.

(2) The establishment of the catalyst characterization procedures to
determine relationships between the catalyst activity and selectivity
and the nature of the catalyst surface.

(3) The effects of various catalyst pretreatments and catalyst prepara-
tion on the yield and the selectivity.

Project Status

The new fixed-bed reactor system is being designed. A schematic of the
system is shown in Figure 1. The synthesis gas first passes through the
activated carbon purifier for the removal of trace metal carbonyls. The
input flowrate of the mixture will be measured by a rotameter. The synthesis
of hydrocarbons will be carried out in a vertical fixed-bed reactor to mini-
mize the possible éntrainment of high molecular weight hydrocarbons from
the reaction in the reactor. The product gas and vapor from the reactor
will pass through the 1iquid product trap and cold trap to condense the
high boiling point hydrocarbons and water in the product gases. The output
flowrate of gaseous products will be measured by a wet-test meter. The
compositions of the gases will be analyzed by a gas chromatograph. In the
system a metering valve connected below the reactor will serve to control the

flowrate of the synthesis gas and to reduce the gas pressure to the atmosphe-
ric pressure.

Some equipment has been purchased.

e The procedures for -
terization and also catalyst testing are o catalyst charac

being done simultaneously.
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Future Work

The fabrication of the system will be carried out after the equ1pment
is acquired. ‘Some iron-manganese catalysts will be tested by characteriza—
tion techniques. A Titerature survey wili aiso be initiated.
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Figure 1. A schematic of the fixed-bed reactor system.
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Task 13
Catalyst Research and Development

Faculty Advisor: F.V. Hanson
Graduate Student: C.S. Kim

Iintroduction

~ The objectives df this project are to develop a preparation technique
for a Raney type catdlyst (particularly Raney iron-manganese catalyst) and
te find the optimum process variables for the maximum production of Tow
moiecular weight olefins and/or BTX via hydrogenation of carbon mayoxide.
A detailed description of the objectives are in a previous report.

A fixed-bed reactor system was fabricated to conduct catalyst screening
tests to determine the optimum process variables, and to study the overall
kinetics of the hydrogenation of carbon monoxide over Raney type catalyst.

A detaiied fiow diagram has been already presented.

An electrically heated furnace was designed to produce Ai-Fe-Mn alloys
with various compositions. These alloys wiil be used as a starting -
material in the synthesis of Raney,type.cata1§sts. A detailed fiow diagram
of the furnace is found in a previous report.® - . .

Project Status

The construction work for the furnace has beén completed and it
is ready to use at the present time. Due to the unavaiiability of a proper.
power source for the furnace in this 1ab, the production of Raney alioys
could not be initiatéd. In a Few weeks the furnace will be Tocated in a
new building, in which a proper power source is availabie.

Féturg Work

As soon as the power source is available, various alloy samples with
different compositions will be made. These alloys will be subjected to
size reduction and activation with a caustic solution. Various parameters
in the activation procedure, such as particle size, caustic solution cori-
centration, digestion temperature, and digestion time, will be studied
in detail in connection with the cataiyst activity and selectivity tests
in the fixed-bed reactor. '

References

1. W.H. Wiser, F.V. Hanson and C.S. Kim, DOE Contract No. DE-ACO1-79ET14700,
Quarterly Progress Report, Salt Lake City., Utah, Oct-Dec 1979.

2. ibid., dan-Mar 1980.
3. ibid., Apriil-June 7980.
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Task 14
Characterization of Catalysts and Mechanistic Studies

Faculty Advisor: F.E. Massoth
Graduate Student: K.B. Jensen

Introduction

This phase of the project is intended to supplement the high pressure
reactor studies by detailed examination of the catalyst properties which
enhance catalyst activity and selectivity. This is accomplished by
characterization studies performed on fresh catalysts and on the same
catalysts which have been run in the reactor. Of particular interest
are metal areas, phase structure, catalyst stability and surface charac-
teristics. Also, variables in catalyst preparation and pretreatment
are examined to establish their effects on catalyst properties. Finally,
in-situ adsorption and activity are studied under modified reaction con-
ditions with a number of well-characterized catalysts to obtain correlating
relationships. The catalysts under present investigation are iron-based
catalysts promoted with manganese oxide.

, Previous work had shown the reduced catalysts have low surface areas

(<10 m¢/g) and are composed of two principal phases, o iron and manganese (II)
oxide. Some used catalysts were also found to contain small amounts of
possible iron oxide and iron carbide phases. Investigations using the
scanning electron microscope indicated that the Mn0O phase is well dispersed

in the catalysts and X-ray line broadening results indicated that the MnO
particles or possible layers average in the order of 200 R in breadth.

Some iron (115 oxide (Fe0) is also indicated to be present in the MnO phase
by X-ray diffraction.

Preliminary carburization studies gave two general regimes of car-
burization, an early fast carburization followed by a slower one. The pre-
sence of Mn0 promoter was found to slow carburization.

Project Status

Temperature programmed desorption/reaction (TPD/TPR) studies were
continued. A1l catalysts were reduced initially in hydrogen at 500°C over-
night and then purged with helium at the same temperature for about a half
hour and then cooled to room temperature. The catalysts were exposed to
adsorbate gas at room temperature for a half hour, flushed in He or N, for
approximately 10 min, and then heated in a programmed schedule (8-10°E/min) to
500°C in flowing He or H,. The off gases were monitored by a mass spectrometer.
The flow rates usually varied between 30-40 cc/min, and all experiments were
performed at atmospheric pressure. The presence of 0.77% argon in the
helgum provided a marker peak in the mass spectra when this carrier gas was
used.

The following sequence was employed in the TPD/TPR studies after initial
reduction: Step (1) CO was passed over the catalyst for 3 hour, then it was
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flushed with He and temperature programmed in.He to 500°C (TPD) and afterwards
cooled. Step (2) At room temperature the reactor das was changed to Hs and
then the catalyst was temperature programmed in Ho (TPR) so that H, could
react with any carbonaceous species or surface oxygen Teft on the catalysti
after Step (1). Step (3) After cooling in Hp again to room temperature, the
catalyst was exposed to CO for % hour. The catalyst was briefly flushed with
Hp and then temperature programmed in Hp. Stép (4) The catalyst was ¢ooled
to 2500C and synthesis gas (Hp/C0=2.0) was used to carburize the catalyst for
2 hours at this temperature. The catalyst was then cooled to room temperature
in synthesis gas and then CO was passed over the cata]yst for % hour The :
catalyst was fiushed with H, and temperature programmned in Hoo : :
The TPD resuits from catalysts T1 16 and T13 were reported prev1ou51y L
In this report, data were obtained on cata1ysts T9, T11 and T15 (pure Mn0). -
Tabie 1 presents a qualitative 1isting of the TPD resu1ts obtained from the
mass spectrometer data for the catalysts studied so far. The compos1t1cn of
the catalysts are als¢ 11sted The compos1t1on ranged from pure 1r0ﬂ (T1)
to pure Mn0 (T15). ' . .

In general, CO adsorpt1on occurred to varying degrees with aTT the
catalysts containing iron. ~During TPD (Step 1) some of the CO desorbed but
some remained on the catalyst, most 11ke]y as. adsorbed surface.c and 0 -
species. Small amounts of COp produced in the TPD probably “arose from .
reaction between CO and adsorbed 0. Subsequent TPR (Step 2) formed CHg and
H,0 by reaction of the surface species with Hp. Similar results were ob-
tdined during TPR of adsorbed CO on the catalyst (Step 3) and on, the carburized
catalyst (Step 4). However, in the 1atter case, much Targer amcunts of CH4
were formed from reaction of the iron carbide phase with Hp. ‘Pure MnO did™
not adsorb CO nor did. 1t undergo carbur1zat1on S

A11 of the catalysts ‘except T15 (pure MnO) produced methane when exposed
to Hz The methane formed from residual carbon (Step 2) generally reglired -
a h1gher temperature than that formed with preadsorbed CO (Step 3). .A small
amount of MnO promoter increased methane evoiution but. additional amounts of -
Mn0 seemed to decrease methane evoiution. The presence of varying amounts of
MnO had Tittle effect on the temperature of methane production, except for
the pure iron catalyst, which formed methane dat a Tower temperature. “After -
treatment with synthesis gas (at 250°C for 2 hr), the promoted cdtalysts pro-
duced very Targe methane peaks when temperature programmed in Hg (Step 4)

The temperature of water evolution in Step 2 seems to increase w1th
increasing Mn0 content in the catalysts. .- Manganese oxide is very’ sens1t1ve
to -okxygen and could strongly chemisorb oxygen on its surface. -The oxygen .
bonding characteristics of the catalyst will be investigated. furthebr.- EXcept
for T6, very 1ittle water was apparentTy formed during Step 3. Since no’
carbon dioxide was detected, it is difficult to explain the methane forma-
tion from adsorbed CO w1thout'a mechanism for oxygen removal. -However, -
analysis of water evolution characteristics of the catalyst is hampered by - -
possible condensation in the 1ines leading to the mass spectremeter and o
occas1ona1 apparent presence of oxygen contam1nat1on. '

The evo]ut1on of CO generally occurred at Tow temperatures (50-100°C)
and th1$ weakiy adsorbed carbon monoxide was observed on a11 cata?ysts but
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T15. The latter result agrees with some preliminary adsorption results
which showed a Tack of adsorption of CO on Mn0. In addition, some catalysts
showed a very small high temperature evolution of CO. Any strongly adsorbed

CO is apparently removed by reaction with Hy or possibly via disproportiona-
tion to CO,.

Carbon dioxide evolution was usually small but increased somewhat for
catalysts heavily promoted with Mn0. Step 1 showed the most consistent CO
evolution. In the presence of Ho (Steps 2, 3, 4), C0o evolution was genera?]y
eliminated. The carbon dioxide production seen in Step 1 will be investigated
further to establish that no possible contaminate oxygen was present. The
TPD and TPR experiments, though potentially very revealing, have yielded
somewhat inconsistent results so far. Part of the problem is due to the
.low surface areas of the catalysts under investigation. The mass spectrometer
has also been subject to a variety of operational difficulties. However,
continued experiments done in close succession will be carried out to
establish reproducibility and help clarify trends.

The Mn0 catalyst was generally inactive with respect to the TPD/TPR
experiments. This behavior supports the idea that Mn0 modifies the iron- ,
based phase of the catalyst but is not active itself in hydrocarbon formation.
Whether Mn0 has an active function in the overall mechanism of the reaction
has yet to be established.

Future Work

Some of the TPB/TPR experiments will be repeated taking special care
that possible oxygen impurity in the helium is eliminated. Studies will
begin on H2, CO and Op chemisorption on the various catalysts to determine
metal areas, and BET measurements will be made to compare to metal areas.

Reference

1. W.H. Wiser, F.E. Massoth and K.B. Jensen, DOE Contract No. DE-ACO1-
79ET14700, Quarterly Progress Report, Salt Lake City, Utah, Apr-June 1980.
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Table 1.

Summary of TPD/TPR results for Fe/Mh Catalysts.

| b
, ~ STEP
Product Catalyst® CO/7PD Hy/ TPR CO/TPR Carburized/TPR
' 1 2 3 4
CHy ! it vs{325-500) nil —
T6 nil 1(400-500) m(350-500)  v1(400-500)
T9 nil s(400-450) vs(280-330)  vi(375-500)
T nil m(400-490)  s(250-500)  v1(340-500)
T13 nil s(400-500)  s(350-500)  v1({400-500)
T15 " il nit nil nit
H,0 Ti nit m(270-370) nii -—-
T6 nil m(250-500) v1(250-500)  m(300-450)
T9 nil m(410-500) vs(400-500) - s{450-500)
T11 nil s(450-500) nil vs(350-450)
. vs (200-250) ’ ,
T13 il {'S1250-500) vs{475-500) m(3opf45o)
T15 nil s(450-500) nil nil
co T1  vs(50-100) nil nil —
- m(50-150) '
T6 s(50-100) nil {5(3507450) vs(dOQ-SOD)
T9 {sféggjéggg ~ nil vs(70-120) vs(25-150)
s(70-150) . o '
T11 {vs(470-500) nit 5575-1503‘ vs§707120)
' m{80~150 s{80-150
T15 nil  nil nil nil
c0, T1 nit il nil -—
' T6 vs (80-350) nil nil nil
T9 vs{170-350) nil nil nil
T11 vs(170-350) vs(25-200) nil il
T13 s(150-350)  s(50-200). nil vs (350-425)
T15 nil . vs(180- 220) nil

- nil

aComp051t1ons, Ti-Fe, 76-0.06 ‘Mn/Fe, 79-0.18 Mn/Fe, T11-0.63 Mn/Fe,
© T13~2.78 Mn/Fe, T15-Mn0.

Va]ues in () are temp ranges in OC.

s-small,

m-moderate, 1-large. v1-very Targe.

- 67

Reiat1ve peak heights:

vs-very small,



V. Conclusions

Detailed conclusions are included in the reports for each task. Task 1
is temporarily inactive, awaiting a student. Tasks 9 and 11 have not been
initiated as yet. No work was done under Task 15.
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