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ABSTRACT

The objectives of this research program are to develop improved
catalyst systems for preparation of gasecus hydrocarboms from coal-derived
wmixtures of carbon monoxide and hydrogen, and to develop a fundamental un-
derstanding of methanation and Fischer-Tropsch syatheses. To accomplish
the first objective, two versatile catalytic reactor units (CRU-1 and CRU-2)
will be employed to screea a variety of iron-, cobalt- and nickel-based
catalysts. Careful attention will be given to product selectivity. To
accomplish the second cbjective, infrareé spectroscopic techniques will
be coupled with traditional mechanistic studies. The role of poisons in

affecting the concentration and nature of surface intermedistes will de
investigated.

During this second quarterly perfiod, work hes been devoted pri-
merily to the aveas of equipment assembly (Task I), preliminary catalyst
screening tests (Task II), and preliminary mechanistic studies (Task IV).
In the area of the first task, improved tempersrure flexibility of (RU-1
hes been achieved by & mocdification of the reactor's furnace and preheater.
QRU-2's electrical components have been completed and installed, as well
as the paoel axunting and testing cf the three non-dispersive iufrared an-
alyzers and the asscably of cthe gas-chromatographic systen.

In the area of Tesk 1I, a training program utilizing clefin hy-
drogenation was undertaken to prepare for the initial tests of a typical
Fischer-Tropsch catalyst in RU-1 which is scheduled for the naxt quarter.
Iu the area of Tas: IV, poor quality infrared spectra of nickel aerosols
has prompted a dezaiied modeling of the aerosol-generation method. In
addition, considerable efforc has been devoted to unraveling the complex
olefin hydrogens=fon data reportad ia the first quarterly report.

Iz conclusion, despite several unexpected delays in equipment
£abrication for (RU-2 in University shops, and umusuzlly lengthy delivery
periods by manufacturers, the project is proceeding without significant
changas in wilestons scheduling.




I. OBIECTIVE aND SCOPE CF WORK

To meet the needs of the increasing energy demand and to satisfy
the corresponding environmentai constraints, coal gasification has been
proposed as & means of produciag clean fossil fuel. Such processes beccme
increasingly more important when the projectioms that petroleum oil re-
sources will be effectively depleted within the next twenty years are taken
into account, Likewise, it shiculd be recognized that the depletion of
nmetroleux: 6il resources also means that the petvochenizal industry must
lovk elsewhere to obtain their feed-stocks. While there are several Amer-
ican processes for comversios of coal to syntheetic marural gas (SNG} ac
varying stages of development, there are, however, none available for the
production of synthetic ligquefied petroleum gas (SLPG). Fortumately, how=
ever, SLPG appears to be obtainable by a modification of the metrhanation
step of the SNG processes, Unfortunately, the methanation step (CO + 3
Rar 034 + B,0) is one of the two least understood steps of the coal~-to-
gas process.,

This research program, therefore, has as its objectives the pro-
duction of syathetic liquefied petroleum gases, and 2 fundamental under-
standing of catalytic methamation. Thus, work will be developed along
these two major areas. The first area, catalyst development for produciag
Cz- hydrocarbons, has as its ocbjectives the development aad character-
:lzati'on of catalysts with high selectivity and defining the relevant pro-
cess variables, We anticipate carrying this project £o the pilot-plant
stage whereby an ecomomic assessment can be made. The second area involves
fundamental studies of the hydrogenation of carbon momoxide with the ob-
jective of understanding the nature of the surface reactions involved.

Ir should be noted that the hydrogenation of carbon monoxide under one

set of conditions leads predominately to methane, whereas under another

ser of conditions it leads to higher hydrocarbons, Fischer~Tropsch syn-
thesie. The processes must be similar, i.e., involve the same surface
intermediates, We anticipate achieving an understanding of how catalysts

or prccess variables can be modified to effect the two processes economically.

For the first area, two reactor units will ke employed to eval-
uate potential catalysts and to obtain kinetic and mechauistic data. In
addition to testing potemtial commercial catalysts, laboratory catalyst
preparations of a number of catalysts will be undertaken to establish stan-
darde for comparison. Both types of catalysts will be amalyzed for total
metal and active metal comtent. More complete kinetic studies will be
conducted ov the most promising catalysts from the preliminary evaluatioms.

In the second area the emphasis will be placed on achieving a
fundamental understanding of the hydrogenation of carbon monoxide reaction.
To accomplish this understanding, infrared spectroscopic techniques will
be coupled with traditional mechanistic studies to obtain information about
the nature of surfsce intermediates, Investigations of both supported and
unsupporzed metal catalysts will be umdertaken.




For the infrared studies two different systems will be employed.
The usual "pressed disk' technique will be employed for supported metal
catalysts. However, a novel approach to the unsupported catalyst studles
will be explored. This new approach involves passing infrared radiation
through a long-path-length cell containing the catalyst in a metal-aeroscl
form. Comparison of the catalytic acrivity amd surface properties as well
as characterization of the surface intermediates wili constitute the major
work effort in this srea.

The key feature of this proposed study is a combirmation of sev=
eral techniquewv, notably, infrared spectroscopic techniques with kinetic
measurements to simultaneously measure reacticm rates, surface intermedi-
ates and reaction products. The use of isotopic tracers in comnection

vith these techniques should greatly increase our understanding of these
reactions,

As previously stated, the objecrives of this research program
are to develop improved catalyst systems for preparation of gaseous hydro-
carbons from coal-derived mixtures ¢of carbon monoxide and hydrogen, and
to develop a fundamental understanding of methanation and Fischer-Tropsch
synthesis. To accomplish these goals the work will be divided into sev~
eral tasks (see Appendix A) witk each task covering a delinite time period.
Therefore, the work's progress can easily be assessed by monitoring the
movement through the schedule of tasks as indizated during quarterly tech-
nical and progress reports,

II. SUMMARY OF PROGRESS TO DATE

Work under this contract (E(49~18)-1814) began in May, 1975 with
a division of work into eight (8) tasks:

1, Task No. I Equipment Assembly

2, Task Nc. II talvst Screening Tests

3, Task No. III Kinetis Studies

4, Task No. IV = Mechaniseic Studies

S. Task No. ¥ Catalyst Preparations and/or Characterizations
6. Task No. VI Extended Catalyst Tests

7. Task No. VII Project Summary

8. Task No. VIII ~ Consultation and Advice by P.I. to ERDA

The timetable for these tasks is detailed in Appendix A to this report and
represents a more realistic approach to managing the project. During this
second quarterly period, work has been devoted to: (a) the completion of the
assembly of two (2) catalytic reactor units which will be employed in work
described in Tasks 1I, III, amd IV; (b) preliminary work for Tasks II and IV.

(9]




In the area of Task I, a redesign and modification of catalytic
reactor-1l's (CRU-1) preheater and reactor furnace became mnecessary to improve
the temperature flexibility of that unit. As a result, temperatures of
400-500°C required for catslyst reduction mere easily are attainable. The
Berty internally recycled catalytic reactor arrived from Autoclave Engineers;
the necessary electrical components for its heating jacket have been fab-
ricated, and the unit has been installed in CRU-2. In addition, the Mine
Safety Appliances’ NDIR analyzers for carbon monoxide, methane and carbon
dioxide arrived; the analyzers have been panel mormted in a czbinet which
also contains a 3-point mV recorder. With the exception of the CO, analyzer,
which shows exceptionaily poor semsitivity, the unit is operating %ccord-
ing to mamufacturer's specificatioms. Finally, all of the components re-
quired for the compiete amalysis of product gas by gas chromatography have
arrived from Varian and are being assembled.

In the area of Task II, the hydrogenation of olefirs over a
kieselguhr supported nickel catalyst was employed to train operators in
the safe techniques of catalyst reduction by hydrogen, reactant gas blend-
ing, and product analyses. While mass-transfer effects proved to dominate
the surface reactions in these studies, the indicacions were that such ef-

fects would be unimportant in the much slower Fischer-Tropsch synthesis
to be studied.

In the area of Task IV, a greater effort has been devoted to model-
ing the nickel-aerosol generation method in an effort to underscand the
poor qualiry infrared spectra obtained, and to unraveling the complex re-
actions involved in the hydrogenstion of olefias over nickel catalysts.

An all~glass cell which facilitates collectivn of BET samples has been
Eabricated.

In conclusion, despite several unexpected delays in equipme=t
fabricatisz in University shops, and prolonged delivery of equipment by
several manufacturers, no major changes in milestore scheduling aze
warrented.




III. DETATLED DESCRIPTION OF TECHNICAL PROGRESS

As previously stated, the objectives of this research program
are to develop imp-oved catalyst systems for the preparation of gaseous
hydrocarbons from coal-derived mixtures of carbon momoxide and hydrogen,
and to develecp a fundamental understanding of the reaction mechanisme as-
dociated with catalytic methapatien and Fischer-Tropsch synthesis. This
will be accomplished in this project by pursuing s:verzl aspects of the
problem which include: a) catalysts preparation and characterization of
their physical properties; b) evaluation oi these catalysts for the syn-
thesis of C -ca hydrocarbors in a screa=ming test; ¢) conducting kinetic
studies to %btain rate expressions to predict product yields for the most
promising catalyst formulaticas; d) investigaticr of the mechanism of for-
mation and types of reaction intermediate formed duzing the catalytic re-
actions on these catalysts; and e) measuring catalysts activity for ex-
tended periods oa the most promising catalyst to obtain an economic as-
sessment of the process. The above studies require the use of several
tvpes of reactor systems. For example, the screening test will be con-
ducted in tubular plug-flow xeactors ard a "Carberry-type” stirred catc-
alytic resctor. Since a wide spectzum of products, e.g., methane, ethane,
ethylene, propane, propylene, carbon dioxide. hexanes, etc¢., is amticipated,
there is a critical need for monitoring the iadividual yields as well as
the total conversion of carbon monoxide. This will be accomplished by the
use of NDIR's to contimuously monitor methane, carbon dioxide and carbon
monoxide and zas chromatography to monitor all products on an intermittent
tasis, e.g., every thivty mimites.

The desigr, purchase, and assembly of the necessary apparatus
constitutes the assigmment of the first task (Task I). While much of this
work was accomplished during the first quarterly period, the remainder was
undertaken during this second period. 1In addition, preliminary work was
initiated in Task II, as well as the coctinuation of preliminary work for

Task IV, For a complete description of the various tasks and the correspond-
ing timetable, see Appendix A.

A. Task I - Ecuipment Assembly and Testing

Tabie 1 summarizes the work accomplished in Task I during the
first quarterly period. Columm 3 describes the subtasks that were involved

and column 2 represents the mmber of weeks involved with each of these
subtasks.

Table 2 summarizes the work accomplished in Task I during the
second quarteriy period and that scheduled for the third period. Due to
delays either ir receipt zf equipment from suppliers, for example, the Berty
CSIR purchzsed from Autoclave Enginezrs, arrived eight weeks beyond their
revised delivery date, and the Vzlco automatic, gas sampling valves arrived
ten weeks Liyond Varian's assurec delivery date, or backlogs in Mellonm In-
stitute's Instruments Shop, many of the items originally scheduled for com-
pletion during the second quarter had to be rescheduled for later dates.
This was most notable with respect to (RU-2 components. Nonetheless, we
were able to complete all of the scheduled subtasks related to CRU-1 and
the apalytical system. These are described in greater detail below.
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Table 1 TFirst Quartex Task I Projects: Equipment Assembly and Testing

Item No. (

Subtasks

No. Weeks Y
¢ Complete
Subtask

t

1 3

2 1

3 2

4 2

5 2

6 1

7 3

8 1

S 1
10 0.5
11 0.5
12 (2)
13 (L
14 (1}
13 ((3N*
16 ((1)=*
17 (2)
18 (¢))

Total # Wks 24

Description

Design and assembly of CRU-1

Pressure testing of CRG-1

Flow calibration of needle valves for CRY-1
Temperature testing of C(RU-2

Redesign of Dowtherm circulation lcop and
preheater for CRU-1

Temperature retest of (RB-1
Design and equipment specification for CRU-2

Consultation with vendors and order
placements for CROG-2

Design of am2lyticzl package for dual
system aralysis

Consultation with Varian, Hewlett-Packard,
and MSA salesmen prior to ordering
analytical packege

Literature evaiuation of Autoclave Engineers
CSTCR and comnsultation with AE salesmen
prior to placing order

Fabrication of C(RU-2 components
Pressure and tewperature test of CRU-2
Flow controller calibrations for RU-2

Panel mounting of MSA NDIR anzlyzers,
recorder and prozramed sequencing timers

Panel mounting of temperature reccrders
Complete shakedown of RU-2

Integration of anmalytical package with
CRU-1 and CRU-2.

*These subtesks will be performed by Mellon Institute's Instruments shop persomnel.

+Items in parentheses represent work wiich has been scheduled but which has not

been completed.




Table 2 Schedule of Remainipz Task I Projects

No. Weeks +
to Complete
Item No. Subtaks Description
d_dok
1 (4 )) Desigr and fabrication of electrical
components of (RU-2Z.
ok
2 (8 ) ¥anel mounting of MSA NDIR amalyzers,
recorder and programmed sequenciag times.
dok
3 (CED)) Electrical overhaul and panel mounting of
temperatzre recorders.
4 2 Complete shakedown of (RU-1 at "reaction
test" conditioms.
5 2 Redesign and 2wodification of RU-1's
Teactor and prehzater system.
6 1 Texmperature retest of (RU-1 prior to
catalyst reducticn.
7 2 Assembly and modifications of gas chromsto-
graphic analytical system.
8 2 Installation of common gas delivery system
for CRU-1 and CRU-2.
9 1 Panel mounting of temperature recorders.
10 3 Completion of fabrication of RU-2
piping system.
1 (3 Pressure and temperature tests of CRU-2.
12 §)) Further evaluation of NDIR anzliyzers to
unravel CO2 problen.
13 (1) Flow comntroller calibrations for (RU-2.
14 (2) Complete shakedown of CKU-2.
15 (2 Integration of analyticzl package with
Total # Wks 24 RO-1 and RU-2.

+Ite1:|s in parentheses represeat work which has beean scheduled but which has
not been completed.

*
Half of this work was performed by Mellon Institute's Instruments Shop persoamel.

ok
These subtasks wers performed by Mellon Institute's Instruments Shop persomnel
and are not counted as part of the total mumber of weeks devoted to the task.
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L. Catalytic Reactor Unit-1

Catalytic Reactor Unit-i (CRU-1) is essentizlly a fixad-bed re~
actor system designed for Fischer-Tropsch and methamation catalysts screen-
ing tests. It shovid, therefore, be capable of operacing in the temperature
range from 100 to 400 C and a pressure range from O to 200 psig. The orig-
inal design consisted of a gas-delivery system employing very fine meter-
ing valves (operated at sonic flow conditions) capable of tlending seven
gas streams to feed a fixed-bed, l-inch, tubular reactor. This reactor
was temperature ccntrolled by boiling Dowtherm. After severzl preliminary
trials iavolving prolomged rums at 400°C to achieve adequate catalyst re-
duction, severe erosica of the reactor tube was observed as well as notlce-
able deterioration of the Dowtherm. In addition, temperatures above 400°C
were difficult to maintain. Fortunately, a 3-zonmed 2-1/2 in. diameter tube
furnace became available from another project in the laboratory at this
time. Consequently, the decision was made to evaluate this furnace for
stable operation. The system was modified to accommodate this furmace.
Tigure 1 shows details including positions of the thermocouples. Each of
the three zones are 8-inches in length and controlled by a temperature con-
troller; the first two zones are used for preheating the feed gas to raze-
tion remperature before entering the third zome or catalyst bed. These
zones are packed with ceramic beads to provide adeqt.ate tuxbulence and gas
heat-up. The third zome cont:rols the temperature of the catalyst bed (which
has a maximm bed volume of 90 cm®). Thermocouples are placed at regularly
spaced intervals within the reactor tube as well as at four positions on
the skin of the Teactor. Heat transfer calculations based on the usual
correlations for forced convection in packed circular tubes* provided an
indication of the length of the preheat zome regquired for specified condi-
tions of skin temperature and desired bed temperatures. These calculations
and subsequent experiments, wherein the temperature profiles through the
preheat and catalyst bed zones were measured, indicated that the 16-iach
preheat zome was more than adequate to maintain an isothermal bed. In ad-
dirion, these tests indicated that steady-state temperature profiles were
. established within twenty minutes cf a step-change increase in the furmace

temperatures. Temperatures of 450°C could be zchieved within thirty min-
utes when the initigl temperature was room temperature.

Table 3 shows the results of a study in which the performance of
the seven sonic-nozzle £low controllers were evaluated. Column 2 indicates
the total flow rates while compositions are given in columms 3-7. The iast
colum gives the relative peak areas based cn cerbon monoxide. The results
indicates that the greatest scatter in the data resulted from the nitrogen
data. BHowever, all of the results show less than a five percert deviation
from the mean values, thus, indicating that good flow control can be ackieved
over a range 2f flow rates in a reproducible manner.

See for example, R.B. Bird, W.E. Stewart aad E.N. Lightfoct, Transport
Phenomena, J. Wiley and Soms, Imc., New York (1960), pp 396-412.
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Table 3 Evaluation of Sonic Nozzles for Flow Measurement

by Gas Chrannt:ograghxa

Total b
Flow Rates Peak Area Rates
Run_# (em3/min)_ Mole % Component Relative to CO

M, AR N, co He 1,/co Ar/co N2/CO

i 1 1741.3 22.28 27.59 16.71 22.81 10.61 0.0273 1.238 0.737
\ 2 1741.3 22.28 27.59 16.71 22.81 10.61 0.0276 1.258 0.835
3 1741.3 22.28 27.59 16.71 22.81 10.61 0.0271 1.253 0.824
‘ 4 1556.6 20,92 30.87 19.00  25.52  — 0.0260  1.233  0.514
5 1556.6 24,92 30.87 19.00 25.52 — 0.0276 1.236 0.612

6 1915.5 20.25 25.08 - 15.19 20..73 18.75 0.0281 1.244 0.849

7 1915.8 20.25 25.08  15.19 20.73 18.75 0.0277 1.250 0.820

8 2960.7 13.10 16.23 9.83 13.42 47.42 0.0284 1.252 0.874

<0.0276> <1.246> <0.621>
+ 1.6%  +0.7% + 4.8%

83as chromatography done on Perkin-Elmer Model 154C using a 50:50 mixture of molecular sieves 13X and 54
at 1000C. Carrier gas was helium ai 60cc/min. Peak integration accomplished using the Varian CDS-101
data analyzer. Sample size = 2cm™ .

bimlat:ive flow ratios (X1/CO) are conatant at 1!2/(!0 = 0.977; Ax/CcO = 2,246; and N2100 = 0,733,

10



2. Catalvytic Reactor Tnit-2

Whereas, work on CRU-1 is proceeding at the expected rate, work
on CRU-2 has lagged, somwewhat, behind schedule. This is due in part to
delays by supoliers but more so by a backlog of work scheduled for comple-
tion by the Mellon Institute Instruments Shop. The major piece of equip-
ment, the Berty CSTR reactor, finally arrived and is being ins:talled. Tais
unit contains a 3-kilowatt heated jackez. Since the Nammac temperature
controllers cannot hardle this high wartage, a mercury relay switch had
to be fabricated to provide the necessary temperature control. This sys-
tem has been installed and is deirg tested.

The gas delivery system which will be common for both reactor
units has been installed. This unit consists of high-pressure gas manifolds
which allow two or thrae gas cylinders to be connected in parallel. In
this manner test runs of several days duration can be accomplished. For
convendence arnd safety the g2s cylinders were installed along one wall of
the laboratory; l/4-inch stainless-steel tubing runs overhead to comnect
these cylinders to the gas delivery panel. In Figure 2, this wmit is lo-

cated in the center of the photograph. Gases can be distributed to both
reactors from this panel.

3. Analvtical Package for Product Analysis

One of the key features of the proposed research grogram is the
careful attention to the details of the product distribution for the var-
ious zatalysts which will be investigated. To this end both contimuous
and iatermittent analyses will be obrained to document the performance of
& catalyst. Continuocus gnalyses will be performed for carbon monoxide,
carbon Jdioxide and methare using MSA mon-dispersive infrared amalyzers (NDIR).
Intermittent znalyses cf the complote product spectrum will be achieved by
gas chromatographic analyses. Because of budgetary restricrcions on the
contract, it became apparent that replication of the anmalytical portion
of the two systems was not feasible. Therefore, considerable effort was
devoted to developing an analytical package which would be compatible to
both systems and achieve the goal of continuous monitoring of each reacror.
This package was described in decail in the f£irst quarterly report. All
of the comporents which were outstanding arrived during this period. The
three NDIR analyzers for co,, CE, and CC wvere sent immediately to Mellon
Institute for panel r.:runt:.ng in a unit which contains the anclyzers end
a 3-point-10 millivolt recorder. In Figure 2, the umit is lccated on the
far left. Currently the unit is being tested with several blends of gases.
The carbcn dioxide analyzer appears to be less responsive than its specifi-
cations indicate that it should be. This problem will be examiped further

during the next quarterly period. Training of persomsel on these instru-
ments is otherwise ia progress.

11
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4. Task I - Work Forecast for Third Quarter

Table 2 summarizes the work that is scheduled for the next quar-
tevly perird. The major emphasis will be placed on getting CRU-2 back on

scaedule and the training of persommel to use the various pieces of equip-
ment safely.

B. Task IT - Caralysts Screening Tests

1l. Introduction

Task TI represents the most important task in this research pzoj-
ect -- the development of catalysts for the synthesis of gaseous hydrocar-
bons. Figure 3 presents in block diagran format the alternmatives for syn-
thesis gas from a coal gasification process. It should be emphasized that
the Fischexr~Iropsch route offers several aiternatives for the use of 2 coal
derived s:—thesis gas. The primary goal of this project is to alter the
typical product distribution indicated by the solid lines of Figure 4 to
that irdicated by the dotted curve. This w'.ll be accomplished v a care-
ful analysis of the process variables including catalyst choice, reactor
tenperatice aixi pressure, and CO ratio. Since continual feedback will
be required to achieve this goal, work from this poiat omward must proceed

in a mammer as ovtiined in Figure 5 which shows the ciTenitous routes that
the work must follow.

Work in this task began as scheduled during the second gquaxterly
period. To insure safety of operation as well as facility of reactant gas
blending and product apalyses, preliminary studies involving olefin hydro-
genation were undertiken. ZThese studies included the simultarecus hydro-
genation of ethylene and propylere over a thorma promoted nickel catalyst.
Figuzre 5 suzmarizes the results of those studies and points out the fact
rhar care nust be exerciszed to avoid the lixitarions of mass-transfer ef-
fects during fast reactions. Despite the small volume of catalyst (1.2 :::3)
and high space velocities (131,000 to 262,000 hkr-1) the rcactor behzved as
an integral rather thsgn a differenzial reactor. The lower catalyst activ-
ities imvolved in Fischer-Tropseh synthesis should enable n©s to overcome
the difficulty experienced in these preliminary test rums.

2. Task II - Forecast for Third Quarter

During the nex: quarter, &u irom based catalyst will be tested
in (RU-1. Test runs will iricially be ru= on conditions closely resembling
commercial F-T systems (3600 hr-1l; 100 psig and 240°C). Additiopal tests
will be conducted at both higher temperatures and space welocities to de-
termine the effect en product distribution. These results will then be used
to cocpare other catalyst formmlztions over comparable temperature and pres-
suTe rages.
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PIGURE 5, SCUEMATIC OF " CATALYST DEVELOPMENT FOR SYNTHESIS OF GASEOUS HYDROCARBONS "
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FIGURE 6 OLEFIN HYDROGENATION OVER A NICKEL CATALYST
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C. BackgTound Work for Task YV - Mechanistic Studies

The objective of this task is to obtain a fundamental understand-
ipg of the apvdrogenation of carbon menoxide reaction. As indicated in Fig-
ure &, mixtures of hydrogen and carbon monoxide react to form methane undex
ope Set of conditfions (methanation) or higher hydrocarbons (alkanes, olefins
and alcohols)~~ the Fischer-Tropsch synthesis under another set of condi-
tions. Since the catalysts are similar in many respects, the initial re-
action intermediates, i.e. similar reaction mechanisms, must be common to
both systems. Therefore, studies izvolving the characterization of reac-
tjon intermediates and surface species should be useful in understanding
both reaction Systems. Such studies, therefore, must involve techuiques
which permit the elucidation of relevant surface species. The coupling
of infrared spectroscopic techniques with traditional mechznistic studies
offers the greatest potential for providing th2 needed information. Tech-
niques sre being developed to facilitate such studies for both supported
apd unsupported petal catalysts under this task.

To date the major effort has been devoted to developing a tech-
nique to Study unsupported metal catalysts by infrared spectroscopy. Since
the details of this geroscl-bed technique for a nickel catalyst were reported
in the fiTst quarterly Teport, we will focus on work accomplished during
this second period and indicate what future experiments are plammed. How-
ever, a quick Teview of the technique might prove more informative.

1. A Svstem for Studies of Nickel Aerosols in the Tafrared

Since pickel is the most effective methanation catalyst, we have
initiared our studies usipg this muterial. Briefly, the aerosol-bed tech-
nique involves gemeration of the catalyst by arc-vaporization techniques,
gas-phase transfer of the serosol to a long-path-length infrared cell where
observations Of surface reactions are made, aund removal of the aerosoi from
the System by electrostatic precipitation. Arc vaporization, which is the
most sophisticated of the scveral unit cperations involved in this process,
is employed as g meaps of generating a clean metal surface of sufficiently
spall particle size so as to permit infrared transmiesion through the bed.
In this Drocess, the mctal, e.g., mickel, is vaporized at temperatures in
excess 0£ 40000K by transfer of a high intensity electyical arc to the sur-
£ace cf & plug of the metal which serves as the electrode for the circutt.
Since the metal is well above its boiling point, vaporization occurs at a
rate proportional to the amount of heat transferred to the surface. Hence,
a dense as of metal atoms is produced. Inm this case these nickel atoms
or atom-clusters are repidly quenched within the vaporization chamber, end
are Swept through the System by the helium carrier gas. As the nickel aero-
sol emerges from the vaporization chember, it passes through two heat ex-
changers where its terperature is adjusted as desired. The aerosol then
passes into 3 40 meter Wilkes long-path-length IR cell vhich is modified to
vetard deposition of the nickel particles om the mirror surfaces. Because
nickel in such £inely divided states represeats a potential health and safe-
ty hazgrd, the gerosol is cleaned by passage through two electrostatic pre-
cipitators iz parallc! before venting the gas. Adsorbate gases can be
injected into the aerosol just prior to entrance Lo the {nfrared cell.
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Spectral ohservarions are made first in the absence of adsorbate gases,
i.e., background conditions, then in the presence of adsorbate gases, e.g.,
Co, Eg, €O, , or mixtures of these gases. An equivalent conceatration of
adsorbate Rases in the reference beam of the Beckmann IR 12 infrared spec-
trophotometer used for these studies permits compemsavion for the gas phase
effecty, Thus, the difference between these two spectra represents the
SpestTum OF adsorbed species, assuming of course that the background remains
Constagt Over this period. In this manner, a mmber of mechanistic studies

will be conducted with the objective of characterizing the reaction inter-
mediates at the surface of the catalyst.

This system has several advantages and disadvantages associated
with 1t. Among its advantages is the removal of the catalyst suppcrt and
Consequently the opportunity to observe low frequency infrared vibrations,
typic2ily ix the region where surface-to-adscrbates bonds are expected to
absorb. These observations would be umobtainable otherwise. Because of
the manner of Operation whica is essentially plug flow through the reactor,
ome i3 slways Observing & fresh surface. This surface may contain adsorbed
Species depepding upon whether or not adsorbate gases were introduced in-
ta the gerosgel Stream. This means that a re-examinatiou of the catalyst
in the psrner associated with pressed-disk IR samples is not permissible.
This places az Stringent requirement on the rate of aerosol geperatiom --
it must be constant, and on the particle size distribution in the aerosol
-~ it too mmst be constant. Tests of the genmeration rate during two-hour
periods of operation showed that the rate of aerosol generatior varies by
legs than 5 percent over this period.

Ta dste thig project has evolwved to the stage where all of the
earliexr problems gssociated with removing 16-kilowatts of heat from the 2-
Hter vaporization chamber have been solved. As a result we can gemerate
8eyosol routipely for any desired period. We have noted, however, that
duxisg sevexral Prolonged runs (2 to 3 hours of aerosol generation) the op-
eTating chargcteristics of the torch changed noticeably. The effect of
these sljght changes have been to produce drastic changes in the background
SPpecttxn. The Sverall effect is to produce a poor quality spectrum which
pakes interpret2tion difficult if not impossible. We have traced the source
of these probplems to uuncontrolledle oscillations in the currvent supplied by
the two weldipg machines which operate the plasma torch. Since we have
beep able to establish & strong correlation between the operating current
level and the serpsol generscion rates, we currently are exploring methods
L0 exeXciseé gpreater control over this behavior. A complete analysis of
the syStew's Operating charicterigtics is in progress. While this system's
of aerosol fluctuations has limited infrared studies, it has not prevented

uS from chaTacteTizing the catalyric properties of the aercosol. These are
described in the next section.
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2. Aerosol Characterization

The gurface area of a number of aerosol samples have been mea-

sureg by the BET method using argon adsorption at -193°C and by CO and H,
chemjsorption, The values range from 14 n2/g to 63 me/ g in a manmer that
suggests g correlation between geperation rates and aerosol surface area.
The pigher the generation rate the lower the surface area. These studies
were pade possible by the fabrication of 2 new sample collection cell showm
in ¥Figute 7. This is an all-glass cell containing a fire grade, fritted-
glass tube through which the aerosel is drawn by a vacuum pump. Collection,
therefore, is obtained without exposure to the eaviromment. A mumber of
electron micrographs of aerosol samples tezken under various conditions also
bave beep measured and will be described in the next quarterly period.

3. catalytic Hydrogenation Studies

To establish the catalytic activity of the nickel aeroscl, a study
of etbylene hydrogemation was undextzken. At 259C 4:1 and 1:1 hydrogen:
ethylene gixtyres were hydrogenated in a sample ceil similar to the ome
shoyn In Figure 7 containing 7 mg Ni. Analyses of the data show that this
pickel is quite active. ZPre-exposure of this cataiyst to hydrogen produces
a 3-fold increase in activity which decays with svbsequent pulses of the
reaetion mixture to the imitial values. In addition, an apparent increase
in gctivity to a steady-state value occurs with subsequent pulses of the
regction pmixture. These studies coupled with 2 iiterature review of eth-
ylepe hydrogenation over mickel catalysts appear to suggest a mechanism
which involves acetylenic species on the surface. Since the analysis is
incewplete at this time, further details will be delayed until the next
quarterly period.

4, Summary and Task Forecasts

To date we have moved closer towards developing an infrared tech-
nique for Studying unsupported metal catalysts. We have been able to cor-
Te)lgte particle size to aerosol genmeration rates. However, significant
Problems stiil plague this system. These problems will be addressed dur-
ing the pext period. In adéition we ave approaching 2 mechanism for eth-
Ylepe hydrogenation which embodies all of the known facts about this com-
Plex Ta2action. More time is needed to complete this model. Also, we have
ungdertaken a model of the aerosol generation system which should predict
the necessary controls which must be exercised to achieve stable infraxed
Spectra.
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IV. CONCLUSIONS

Throughcut the previous section w2 have stated the work accom-
plished in this contract. In Task I, ome reactor unit has been remodeled
to provide greater temperature flexibility. Wwhile progress on the second
reactor umit has lagged behind schedule due to severzl unforeseen equipment
dzlays, it appears that we will be back on schedule by the end of the next
period. The amalytical system has been delivered and is nearing completion
with the exception of the noted problem associated with the €O, amalyzer.
Preliminary work in Task II has beem encouraging to the point t we an-
ticipate completing the evaluation of the first catalyst during the eaxly
stages of the next period. While problems still exist in Task IV, several
measures of success are noteworthy. A greater understanding of the aexo-
sol-infrared technique has been achiecved.

During the second quarter, the Principal Investigator reviewed
two Tresearch proposals for ERDA and participated in the joint ERDA-NSF/RANN
- EPRI Principal Imvestigators Conference held at Salt Lzke City, Utzh on
October 22-23, 1975 in compliance with Task VIIL of the contract.
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V. APPENDIX A -~ CONTRACT TASKS

Th2 investigaction of catalytic syrtheses of gaseous hydrocarboms
shall proceed according to the following tasks:

1, Task No, 1

a, Equipment and apparatus shall be accembled and integrated for
the study of cacralytic synthesis of hydrocarbtoas by mezans of zas caxromato-
grapny and in situ highe-pressure infrared spocirometry. Zatalyst systems
employing both fixed- and fluidized~bed mode of operstiom saall be provided.

b. Simultaneously with this effort the Principal Investigator
shall ascertain in greater detail through discussions with catalyst man-
ufacturers and users, che catalysts currently being employed for gaseous
hydrocarbon synthesis, ané the principal problems with use of such catalysts,

2. Zask No, 2

Screening tests shall be developed for evaluation of catalyst
formations used in synthesis of C -Cl‘ hydrocarbons. The adequacy of the
tests shall be verified using catalysts known to be effective for such
reactions, The tests shall bDe used to evaluate new catalyst preparatioms
that offer the possibility of improved effectiveress and resistance of
poisoning and sintering under the conditions of synthesis of various gaseous
hydrocarbons from carbon monoxide~hydrogen mixtures.

3. Task Kec, 3

The most promising catalyst formulations obtained from Task
2 will be used for kimetic studizs. Data obtained from the studies will
be used to develop equations for predicting prodact yields of gaseous hydro-
carbons as a function of temperature, pressure, H,_/CC ratioc, and other ex-
perimental parameters, The data will also be interpreted in tewms of pos=

sible reaction mechanisms, to serve as a guide for more detailed studies
(Task 4),

4, Task No, &

Studies shall be carried out on the mechanisw of formation
and types of reaction intermediates formed during the catalytic synthesis
of gaseous hydrocarbons using the apparatus amé approaches described in
Task 1, In addition, catzlyst poisoning and mass transfer effects will
be assessed via a gas chromatographic pulsed tracer technique.




5. ZIask No, 5

Alternative catalyst preparation approaches will be under=-
taken, involving (a) the Michalko technique for imbedding catalytically
active metals at s controlled depth within a catalyst pellet, zad (b) de-
velopment of caralyst formulations for simultaneous shift conversion and
methanation,

6. Iask No, 6

Tests of long=term activicy, polsoning, and regemeration of
catalysts shall be carried out inm laboratory apparatus, and evaluations
of the most promising candidates shall be conducted in a2 fluidized-bed
Teactor.

7. Xask No, 7

The data obtained from Tasks 1 through 6 shall be summarized
and interpreted in the final report on the contract. This final report
shall include the advantages and disadvantages of each catalyst system,
the economics of production of SNG and SLPG from coalederived synthesis
gas using different catalyst formulations, and recommendations for addi-
tioral research in the field of catalytic synthesis of gaseous hydrocarbonse.

8, Task No, 8

The Principal Investigator shall furnisk comsultation and
advice on subject related to his oxvertise, at such times and places as
murually agreed upcn.

These tasks shall proceed according to the following tentative schedulzs,
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