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"Ahstract

The objectives of this research program are to develop impreved . .
catalyst systems for preparation of gaseous hydrocarbons from coal-derivéd
mixtures of carbon monoxide and hydrogen, and to develep a fundamental
understanding of methanation and Fischer~Tropsch synthesis. To dccomplLsh
thcse goals the work will be divided into sevcral tasks as follow H

(1) Task No. I = Equipment Assembly; (2} Task No. II =~ Catalyst
Screening Testsy (3) Task No, III - Kinztic Studies; (4) Task

No. IV - Mecchanistic Studies; (5) Task No. V - Catalyst Prepa-
rations and/or Characterizations; (6) Task No. VI < Extended -
Catalyst Tests; {7) Task No. VII - Project Summary; and (8) Task
No, VIII - Consultation and Advice by P.I. to ERDA, .

A titetable for these tasks has been deﬁeloped which represents a2 more '
realistic approach to managing the project. Dufing this initial quarterly-
pericd, work has been devoved largely to the arcas of’ Tasks I, IV, and V.

, In the arez of Task I, one catalytic reactor unlt-(CRU—l) has .
becn completed and its flow system has been calibrated. " This unit has been
operated for several lengthy periods at reaction temperatures and pressures.
A second catalytic reactor unit {CRU-2} has been designed, equipment spec-~
ifies and items purchased. This wnit will have featuras similar te CRU-1
with several improvements in its flow diagr:m. Reactant and product gas
analysis for btoth units will be achieved by a cowbination of gas chromato-
grapty and infrared non-dispersive analyzers (NDIR). NDIR analyzers have
becn ordered from Mine Safety Appliances for carbon monoxide, carbon dioxide
and rethane. Complete analysis will be achieved by gas chromatographic
analyscs of the two reactor streams. A Varian C5S-101 Chromatography Data .-
Syster unit has been ordered to control the GC's. Delivery is scheduled
for early Septamber. ' '

In the area of Task V, several iron, ccbait and nickel based
catalysts have been preparad ox obtained from commercial suppliers,  These
include catalysts supported on kieselguhr and on zlumina. The totzal and
metal surface arcas of some of these catalysts have been determined by BET
methods. For some of the catclysts, -chemical anzlyses of the actual metEl -
contents have also béen completed. These characterizations should .provide
greater understanding of the catalytic activities which will be obtained
during the screcening tests (Task IT),

In the third area (Task IV), considerable progress has been made
towards devoloping an infrared technique to strdy unsupported metal cat-
alysts, To date, generation of a nickel aerosol by sophisticated arc vapor-
ization methods has been reduced to a routine procedvre and characterization
of the acrosol by BET surface arca measurements and ethylene hydrogenation
activity have bheen accomplished, The BET results indicate that the sur~
face arca of this nickel aerosol is anproximately 14 square meters per
gram based on argon adsorption, More surprisingly, the,act1v1ty for ethylene
hydrogenation, tentatively, appears to be a factor of 10 greater than that .
rcported by Bond, Further studies are in progress. dowever, the wajor
emphasis in these studies continues to be the observation of adsorbed spcc1"s
via infrared techniques,

In conclusion, the project is proccedlng accordlng to schedule wlth
no significant .changes in wilestone scheduling,
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I. OBJECTIVE AND SCOPE OF WORK

Tc meet the nceds of the increasing energy demand and to satisfy
the corresponding environmental constraints, coal gasification has been
proposced as a means of producing clean fossil tvel.. Such processes becoms
inercasinyly more important when the projections chat petroleum oil re-
sources will be e{fecctively depleted within the next twenty years are taken
into account, Lilewise, ic should be recognized that the depletion of
petroleum oil rescurces also means that the petrochenical industry must
look elsewhere to obtain their fied-stocks, While there.are several Amer~
ican pracesses for conversion of coal to synthetic natural gas (SNG) ac
varying stages of development. there are, howover, none available for the
production of synthetic liquefied petrolewm gas (SLPG). Fortunatelv, how=
ever, SLPG appears to be obtainable by a modification of the methanaticn
step of the ©XG processes. Unforturately, the methanation strp (CO + 3H
43: CH_4 + E,0) is one of the two least understocd steps of the ccal-to~

€

gas process,

This research prograsn, thercfore, has as its objectives the pro-
duction of synthetic liquefied petroleun gases, and a fundazmentdl under-
standing of catalytic methanation., Thes, work will be developed along
these two major areas, The first area, catalyst Geveloprent for producing
C,-C, hydrocarbons, has as its objectives the devalepment and character-
iZation of catalysts with high selecrivity and dafining the relevant pre-
cess variables., We anticipate carry.ag this project to the pilot-planc
stage whereby an economic assessment can be made. The second area involves
fundamental studies of the hydropenation of carbon monoxide with the ob-
jective of understanding the nature of the surface reactions involved.

It should be noted that the hydrogenation of carboa monoxide under one

set of conditions lecad: rredominately to nethane, whereas under another

set of conditicns it leads to higher hydrocarbens, Fischer-Tropsch syn-
thesis. The processes must be similar, i.e., involve the same surface
intermediates. We anticipate achieving an understaading of how catalyscs

or process variables can be modified to effect the two processes econcamicaliy,

For the first arca, wo reactor units will be enployed to eval-
uvate potential caralysts and to obtain kinetic and mechanistic data, In
addition to testing potential commercial catalysts, laboratory catalyst
preparations of a number of catalysts will be undertaken to establish stan-
dards for comparis on. Both types of catalysts will be analyzed for total
metal and active metal content., More complete kinetic studies will be
conducted on the most promising catalysts from the preliminary evaluations,

In the second arca the emphasis will be placed on achieving z
fundamental understanding of the hydrozenation of carbon monoxide reaction.
To accomplish this understanding, infrared spectroscopic techriques will
be coupled with traditional mechanistic studies-to obtain information asout
the nature of surface intermediates., Investigaticns of both supported and
unsupported metal catalysts will be undertaken.



For the infrared studies two differcut systems “111 be Cﬂwlo
Thz usual "pressed disk" technique will be employed for supported netal
catalysts. However, a novel approach to the unsupported catalyst studies
will be explored. Tiiis necw approach involves passing infrared radiatien
through a long-path-length cell containing the catalyst in a metal-acrosol
form. Comparison.of the catalytic activity and surface properties as wel:
as characterization of the surface intermediates wxll constitute thc mator
work effort in this area,

The key feature of tnis prowosed study is a cowulnatxon of sev-
eral tech: iques, notably, infrared spectroscepic techniques with kinetic
measurements to simultaneously measure reaction rates, surface intermedi-
ates and recaction products. The use of isotopic tracers im comnectien
,with thesc techniques should greatly increase our undcrstanding of these
reactions. o '

As previcusly stated, the objectives of this research prograa
are to develop.improvcd caralyst systems for preparation of gascous hydro-
carbons froz ceal-derived mixtures of carbon monoxide and hydrogen, and
to develop a fundzmental understanding of wmethanation and Fischer-Tropsch
synthesis., To accomplish these gozls the work will be divided into scv-
eral tasks (sce Appondix A) with cach task covering z definite time period.
Therefore, the work's progress can easily be assessed by monitering the
rovement through the schedule of tasks as 1nd1cated during quarterly tech-
niczl 2nd progress reports,

1I. SIMMARY OF PROGRESS TO DATE

Work under this contract (E(49-18)-1814) began in Huy 1975 with
& division of work into eight (8) tasks:

i, Task No. I =~ Equipment Assembly

2. Task No. II - Catalyst Screening Tests

3. Task No, ITI -~ Kinetic Studies

4, Task No, IV - Mechanistic Studies _ i
. Task No, V = (Catalyst Preparations and/or Characteriza
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6. Task No., VI - Extended Catalyst Tests

7. Task No, VII Project Summary

8, Task No. VIIL Consultation and Advice by P.I. to ERDA

The timetable for these tasks is detailed in Appendix A to this report and
represents & more realistic approach to managing the project. During this
initial quarterly period, work has been devoted to: (2) the design and/for
assembly of two (2) catalytic reactor units which will be cuployed in work
described in Tasks II, III, and IV; (b) preliminary work for Task IV;
and {(c) preparation and characterization of catalysts (Task V).

tions



In the areca of Task 1, one catalytic reactor unit (CRU-1) has been
completed and its flow system has been calibrated. This unit consists of
a l-inch stainless steel tubular reactor which is temperature controlled
by a boiling Dowtherm jacket. The rcactor is capable cf operating in a
‘temperature ranpe from 100 to 400°C and a pressure range from 0 to 200 psig.
Flow measurernint and centrol is achicved through the use of very fine ncedle
valves (Swagelok Sscries or double-S~series) operzted at sonic flow condi-

tions. Tiis unit has been operated for several lengthy petlous at reaction
temperateres and pressures.

Py

ment specified and items purchased. This unit will have features similar
to (RU-1 with several improvermcnts in its flow diagram. CRU-Z will have
the flexibility of operating onc of three types of reactors; a) tubular
reactor, b) fluidized bed recactors, and ¢) stirred tank catalytic reactor
(Carberry reactor or CSTCR). A CST(R unit has been ordered from Autoclave
cngineers; delivery is scheduled for carly September. The tubular and flu-
idized-bed reactors will be constructed inhousc. :

A sccond catalytic rezetion unit (CRC-2) has bcen designed, equip-

Reactant and product gas knul“svs for both units will be achieved
by 2 combinaiion ot gas chre cmatography and infrared non-dispersive analyzers
(xoin). nC“‘dlCPQ?S’VC inirared analyzers have been ordered froh Mine Safety
Apnliances (I1SA) for carbon monoxide, corbon dioxide and methane. The eof-

- flucnat gar from both reactors will flow through a series of switching valves
which will eperate on a time-sequencing program.  This will permit continuous
analysis-vis KDIR when one or both reactor units arc in operation. Com-
plete analysis will be achicved by gas chromatographic analyses of the twe
streams. To facllitate these anzlyses, a Varian CDS-101 Chromatography
Data System unit has been ordered. This unit performs automatic gas sampl-
ing as well as integration of the chromatogrzphic peaks. Delivery is sched-
uled for ecarly September.

Since the two CRU's will require masurcment of tezperature at
several locations on the systems, we have decided to use multipoint temper-
aturc recerders to monitor the systems. Thus, two l2-point temperature
recorders have been purchased,

In the arca of Task V, several irom, cobalt and nickel based cat-
alysts have been prepared in the laberatory or obtzined from commercial
supplicrs. These include catalysts supported on kieselguhr and on alumina.
In addition, the total surface area and metal surface arca of scme of these
catalysts have been deternmired by BLT adsorption methods. For some of the-
catalysts, chemical analyses of the actual metal contents have also been
cospleted. These charactericzations should provide greater uvnderstanding
of the catalytic activities which will be obtained during the screening
tests (Task II).




The third area of work involved preliminary studics associated:
with the mechanistic stulies planned for Task IV. In this arca. consid-
erable proyress has been made towards developing an infrared technique to
study unsupported mecal catalysts. Te date, genceration of a nichel aerosol
by seophisticated are vaperization methods has been reduced to a routine
procedure and characterization of the nerosel by BLY surface avea measure-
ments and ethylepe hydrorenstion zetivity hiawe been accomplished. Bucaese
of the nature of the nickel zerosol, a substantial effort was involved in
obtainiwy a “clean" sampie of the material. aflter several iterations we
scttled wvpor tuwo methods of soople collection -=- one involved passing the
aerosol throuzh pyrex glass traps filled with glass spirals and the other
involved collection of the zserosol on a milipore membrane f£ilter. Both
metl xds give cacaivsts which can be mzintained in’an uncontaninated state
for subscquent investigatiorns. Tne BET results indicate that the surface
arca of this nickel acrosol is approzimately 14 square meters per graz based
on argon adsorption. More surprisingly, the activity for ethylene hydro-
genation, tentatively appears to be a factor of 10% greater than that re-
ported in Bond's book, Catalvsis by watals. Further studies along these |
lincs are in progzess which include establishing a “preper reactor” to .
measure the activity of these catalysts with assurances that mass-transport
cffects arc not deminating the results; activity studies at several. temper=
aturcs; and attepis to ferther increase the specific surf{ace arca of this
catalvst. However, the major erphasis in these studies continues to be
the obscrvotior of adsorbed spucies via infrared techn

To sizmarize the progress to date, we hzve accomplished the foliowing

1. Established a rcalistic timetoble for the tasks associated with this,
research progroc.

9, Co-vmletcd design, assembly, and calibration of Catalytic-Reactor Unit
1 (QRU-1).

3. Coopleted “shake-down™ tests of GRU-I.

4. Completed design and ordering of equipment for Catalytic-Reactor Unit 2.
5. Co-pleted specifications and purchases of an analytical package for
both (RU-1 and CRU-Z vhich crploys gas chromategraphic and non~-dispessive
s of o

infrared anzlyse bath reactant and product’ gases.

6. Purchased a “Carberry type" stirred tank catalytic-reactor unit ro be
used for Task II work. :

7. Prcoared o substartial number of catalysts in the laboratcry for test-
ing in Task II.

§. Obtained additional commercial catalysts for testing in Tacn XI.

9. Characterized several of the catdlysts from 7 and 8 by EET surface area
measurements. ’



10. Completed chemical anczlyses for actual metal content in the catalysts.

11. Rcduced the complicated gcnération of nickel aerosol catalysts to te
used for infrared studies of unsupported metals to a routine procedare.

12, Developed a methed of collecting the acrosol which ensures that it
- remains in an uncontamiaated state.
13. Estoblished that the nicliel zerosol genersted by arc vaporization has
substantial activity for cthylene hydrogenation and a high surface arez.
Reference to Table Al indicates that the project is procceding according to
scthedule.  Except as noted above, there are no significant changes in pile-
stone schueduling.

IIT1 DETAILED DESCRIPTIOQLN OF TECITIICAL PROCRESS

. &s previousiy stated, the objectives of this research-progran
arc to develop improved catalyst systemns for the preparation of gaseous
hydrocarbons from coal-derived mixtures of carbon monoxide and hydrogen,

‘and to develop a fundomental understanding of the reaction mechanisms as-

sociated vith catalivtic methanation and Fischer-TIropsch synthesis. This
wiill be cccomplishad in this project by pursuing scveral aspects of the

on and chavacterization of their
pliysical propertices; b) cvaluction of these catalvsts for the synthesis of
C 'Cg hydrocarbons in a screening test; ¢) conducting kinetic studies to
og:axn rate expressions to predict product yiclds for the most promising
catalyst formulations; d) investigation of the mechanism of formation and
types of rezction intermediates formed during tba catalytic Teactions oa
these catzalysts; and ¢) nmeesuring catalytic activity for extende” periods
on tlic most proaisingz catelyst to obtain an economic assessment of the pro-
cess. fwe above studies require the use of scveral types of reactor sys-
or exanmple
e d

preblom which include: 2o} catalysts- preparati

, the screening test will be cenducted in tubular plug-

a "Corbarry-rype" stirred catalytic reactor. Since a
reoducts, e.g., wmethane, ethane, ethylene, propanc, pro-
pylene, carbon dioxide, hexanes, etc., is anticipated, there is 2 criticeal
need for monitoring the individual yields as well as the total coaversion
of carbon monoxide. Tnis will be accomplished by the use of NDIR's to con-
tinuously monitor methane, carbon dioxzide and carbon monoxide, and gas chro-
matography to monitor all products on an internittent basis, e.g., every
thirty minutes. :

el

wide spectrum of p

The design, purchase, and assembly of tlie necessary apparatus
constitutes the assigmment of the first task (Task I); whereas, subject
(2) above censtitutes the assignment for Task V. Since these tasks repre-
sent the logical starting points for this research, they will be presented
in detail below. 1Im 2ddition, some preliminary work on subject (c) =bove
will be reported. For a complete description of the various tasks associ-
ated with this project and the corresponding timctable, sce Appendix A.




A. Task I - Equircent Acsembly

Table I suarizes the work accemplished and forccast fox Task
1. Column 2 of this table indiccices the mumber of wecks involved with each
subtask. The nu=hers in parentheses rerresent times for work which is fore-
cast for the next gquarterly period. It sheuld be roted ‘that, vhercas, woerk
involving assesbly of GRU-2 will continve beyond the fourth month, -1
will be zvailable durinz tiis same peried to begin work under Task 11.

1. Catalvqggﬁ?esdtnt Init - 1

Figure ! repr.serts a process flew diagram for GRU-1. Th¢ reacs
tor unir is designed to operate in the temperature rangc from 100 to 400°C
and a pressure range from 0 to 200 psig. To understand . its-operation, ve,
will follow the gases as they travel through the reactor. It should be
noted that cylinder gases rather thon a cozl-derived synthesis gas will
Le hlended in situ for these studies. . Figure -1 shows that the individea
gases are passcd through charcoal traps and, are metered by flew-controller
valves. Thesc valves are Swagelol: S-series very.iine merering valves coatain-
ing micrometer handles to permit reproduction of settiny A double S-serics
valre is used for the hydrogen line. There valves can be operated in eithey

subsonic or soric flow modes. In the sonic flow wode of operatiom, the ~ -
flow rate, @, is independent of the dounstroam pressure and is given by . -
1 0= 287.08 2 P, x .\ ~ -
3 v x 7

flow in std. liters per min.

¥
R
m
H
o]
P
It

£
i
1

valve f£low cocfficient

specifi

SG = g c gravity of gds (air G T atn and
20°C = 1.00)

T1 = absolutc:tc:pcraturc of flowing gas, bt

Pl = inlet pressure (psia)

s¢d
=
o
£1
re
Hie
Q
jot
-
ot
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{2

simplification of the more exact equation:
' ' : e 1/2
- ( 1 ( -~ ~ ( 9 ZI(Y-I-) - /
= = 2 = r
2 = C&"Pl[gc m:1> TrIi\Y+1 d

-

rass flow rate

1l

wherc m

M = molecular weight of gas
R = gas constant '
v = ratio of hcat capacities, CP/CV'OC £lowing

gas. (y = 1.40 for air)



Table 1 Task 1: Lguipment Acscbly

Subtaslks

teeks V
splete
Item Yo nek Dceericricon
1 3 "Design and assenbly of (RU-1
2 1 Pressure testing of RiU-t ]
3 . 2 Flow calibration of necdle vaives for CRU-1
4 - 2 Tempercture testing of RU-2
5 2 edesign of Dowthers circulaticn loop and
prcheater for GiU-1
6 1 Termperature retest of (RU-1-
7 3 Desizn and equipment specification for (-2
8 1 Consultation with vendors and order
plarements for RU-2 :
9 1 Design of znalytical packaze for dual
systen analysis
10 0.5 Consulitation with Varian, Hewlett-Packard,
and MSA salesmen prier to ordering
anzalytical package
11 0.5 . L.tcrature cvaluation of Autoclave Fngincer:s
CST® and consultztion with AE salesmen
. prior to placing order
12 (2) Fabrication of (RU-2 co-ponents
13 (1) Pressure and tewperature tecst of QRU-2
14 () Flow controller calibrzzions fer RU-2
i5 ((3))* Panel mounting of }SA MDIR anzlyzers,
rcecorder and progrem:cé secuencing timers
16 ((1))= Pancl mounting of teriperzaturc recorders
17 (2) Complecte shakedown of RU-2
i8 1) Integration of analytical package with
Total # Wks 24 -1 and GRU-2. '

*These subtasks will be performed by ellen Institute's Instruments shop personnel.

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

been completed.
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When the critical pressure coundition defined as

P,T . ’ ) Y/ (Y -1) .

» (#) -7

1 " critical

is excveded, thene cquations can be used. Table 2 gives values of the crit-
ical pressure ratiown [or the pases empleyed in thcse studics,

Tahle 2 Critical-Pressure Ratios for
Various Gases

Gas - Y6/ (7,/?})

critical
Telivn - 1.667 0.487
‘Hydrozen : 1.402 - 0.528
Carbon Monoxide 1.407 0.527
Carbon Diouide 1.311 0.544
Methane 1.279- 0.550

From this table and Egs. 1 or 2, we can eczleulate the flo- rates vhen the

G, valves are known. This approach was used in reverse to calidbrate the
valves. Various pressurcs were chosen in such 2 manner as to ensure that
Eq. 3 was satisfied, and a curve of C,. versus number of turns of valve

stom was plotted. A gas bubble meter and a 0.1 Fi per revolution wet-
test meter weve used to obtain the flow calibration data. Figures 2a, 2b,
2c, and 24 are the res.lts of these cnlibrations. Figures 2a and 2b indi-
cate that Eq. 1 adequately describes the system as anticipated, however,
Figures 2c and 2d imply that the ¢, values are pressurc dependent for hydro-
gon aned helium. We have not attempted to account for this dependency, since
the acitua! calibratica curves for the desired inlet pressurcs are avail-
able. The reproducibility and nccuracy of flow measurement with these valves
were found to be about + 1T

If we continue te {ollow the gas by Figure 1, we sce that it passes
next through individual shut-off valves into a mixing region. As shown
by Figure 17 the gas enters a 3-vay valve (7) where it is sent c1thcr to
the prcheater {10) and reactor (11) or is by-passed to the exit line. By-
passing permits analysis of the reactant gos mixture by GC or KDIR. As the
s energes from the reactor, it is passed through a heat exchanger (12)
to condense wdtdér and hivher woleccular weight gases into a tray (13). At
this stage the gas is sent to the cxhaust line where a portion of it is
diverted through a pas saopling valve for GC analysis. Reactor pressure
is maintained by a back-pressure ncedle valve (8). The main stream passes
through the three KDIR analvzers to the cexhaust. An adjustable pressure-
relief valve (9) has been installed to pravent overpressurization of the
reactoer.

*
Numbers refer to items listed on Figure 1.
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T¢ was indicated carlier that CRU-L employs a tubular reacter.

Greater details of that reactor arc shova in Fiyure 3. Here it should be
noted that the l-inch stainleec-steel tubular reactor is surrounded by a :
Douvtherm heating jacket which permits temperaturce control of the exothermic
reactions which occur in Fischer-TIropsch synthesis. The unit contalms suf-
ficient overilov volume to perwit opcration ovel a wide range of tempera-
turcs. The thermowell contains four thermocouples locsted at varying depths
in the catalyst bed. These temperstures as well as those for the préheater,’
Dovtherm circulation loop, aud Dowtherm jacket will be monitored by a. lloney-
well 12-point temperature recorder. The temperature of th2 Dowtherm jacket,
circulation loop and proheater are individually contrelled by Nanmac {(Model
PC-1, type K) temperature controllers. ' o :

Liquid samples will be collected in 300-sl S.S. sample bozbs (13).
These samples, subscquently, can be cooled armd analyzed by gas chromatography
to corplete the product anatysis. S . :

As indicated by items Z and 4 5f Teble 1, some time was devoted

to pressure and temperature-testing of CRU-1. Since carbon monoxdide and
hydsogen represent safcty and health hazards, care was excrcised to cmsure
that the system was leak tight.  The unic w7s chargad with helium to 200 psig
and cratic-pressure tested £or a period of forty-cight hours.. The system

s cecazd lezk tight witen the prossure drop over this pericd of time was:

st
less tham 5 pe-i. Similarily, the system was tested for isothermal opera-
tion acress the length of the catalyst bed. This test consisted of measur-

-
13

ing the temperature of a flowing gas mixture -- 77% lle, 8% M,, 15% H,; --

at l-inch intezvals along the reactor lemgth in the catalystzbed reglon.
When the inlet and outlet temperature differed by less than ZDC, the unit
was considered to be isothermal. Additional insulation materidl and heat-
ing of the Dowtherm circulation loop 1as used to achieve this cordition.
This was accooplished after a partial redesign of the Dowtherm cixculation
loop as indicated by items & and 7 0. Table 1. This unit has been operated
for several days at reaction conditions. Trus, as jmplicd by Table 1, CRU-1
has been mace completely operatioma.. A nickal-thoria-kieselgubr catalyst
La. been loaded into the reactor fer the first series of studies which will
be described later.

2. Catalviic Reactor Urit - 2

Concurrent with the irstallation of CRU-1, work also began on
the design of a seeccnd unit. This unit, as shown in Figure 4, will have
many of the features of CRU-1. However, its aperation has been simplifiecad
by the usc of three G-point vzlves (59, 99 and 102 on diagram) which permit
t! - reactor to be by-passed wiile the rcactant-gas mixture is being analyzed.
Houvever, in this case a helirm-arpon mixture of the same molecular density
is fcd to the reactor (58) to maintain comstant temperature and pressure
profiles. All of the comperents for this unit have been received and are,
currently, being asscmbled.
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As was previously indi-ated, (RU-2 will have the flexibility of
accepting three types of catalytic reactors. In addition to the tubular
reactor installed in CRU-1, this unit will be fitted for the Carberry
stirred catalylic reactor which is on order from Autoclave Engineers*.

A diagram of the reactor is shown in Figure 5. This reactor system con-
sists of a magnetically driven basket which can contain various amounts

of catalyst. The spinning basket causes internal recycling of the gas such
that centinuous stirred tank reactor (CSTR) conditions are achieved. Thus, 3
kinetic modeling is greatly simplified for this unit.

The third type of reactor which will be used with this unit is
a fluidized-bed reactor. This unit which has yet to be designed will per-
mit a comparison of the bchavior of the catalysts as a function of reactor
designs. It should also be useful for extended -life studies to test the
physical durability of the catalysts as well as their catalytic activity.

Wotk on CRU~2 will proceed according to the schedule presented
in Table 1. . )

3.  Analytical Packare for Product Anzlysis

‘One of the key features of the proposed research program is the
careful attention to the details of the product distribution for the various
cataiysts which wiil be investigated. To this end both continuous and inter-
wittent analyses will be obtained to document che performance of @ catalyst.
Continuous analyses will be performed for carbon mounoxide, carbon dioxide
and methane using MSA non-dispersive infrared analyzers (NDIR). Iutermittent
analyses of the complete product spectrum will be achieved by gas chromato-
graphic analyses. Becausc of budgetary restrictions on the contract, it
became apparent that replication of the analytical portion of the two systems
was not feasible. Therefore, considerable effort was devoted to develop~- '
ing an analytical package which would be compzatible to both systexs and achieve
the goal of continuous monitoring of each reactor. After considerabl: com-
sultation wicth salesmen from Varian Associztes, Hewiett-Packard, and Mine
"Safety Appliances, we decided upen the analytical package summarized in
Figure 6 and Table 3. Figure 6 is a schematic of the flow of product, Te-
actant, calibration gases, or zero gases throuzh the analytical network**.
When both systems are in operation the analysis proceeds in the £ollowing
manner. Product gas from CKU-2 is by-passed to exhaust through a back-pres-
sure regulator (o¥) and is flared (,é?). Valves (&) and (& ) are operated
by a timer toopen automatically during the period in which PGl is being
analyzed. A small portion of this gas is diverted to the GC calibration
valve (© j where it is further regulated (& ) and sent to the ges chrcaato-
gravhic system. The major portion of this gas passes through the infrared
calibration valve (~{') and is split equally between the thrce NDIR analyzers.

*Delivery has been scheduled for early September.
**The reactant gas stream will be analvzed periodically for reassurance of
constant composition by both G,C, and HDIR,
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Table 3  Analytical Package for Prodoct Anaiysis

No. Gas Method of Analysis Cozmaents
1 Carbon Monoxide NDIRY and Continous and intermittent
GC using wolecular sieve column
2 - Carbor Dioxide  XD1R€ and Gé‘ Porzpak GC column .
Hydrogen . GCb " Intermittent analysis, may prove

difficult to measure on moelecular.
sieve column . :

-

4 Methane vo1e and G Same as 1

5 Ethane -~ GCb : Aluminz or-Pofapak columm

6 Ethylene Géb A - Same as 5

7 Propane - GCE S BIS (2-methoxyethyl) adlpatc on
8 Propylenc - GC, . chrozmosord P and DC 200 s*llcane
9 Butzne : GC (oxl/chromosc;n column :

10 Butenes GC Sams as_7; repeat aaaIysis.én

carbonate on firebrick to C“tul“
isomeric separztion

11 Pentsnes - GC - " " Same as 7

12 Pentenes - GC Sar= as 10

13 Cy's and higher ' GC Same as 7 but with back-flush of -
' colum

®MSA Lira Infrared Analyzer Model 303 tuned for 0-107% and 0-60% CO. -

Perkin-Elzer Model 134 Gas Chromatograph with two 10-port automatic gas |
szmpling valves installed.

“MSA Lira Infrared Analyzer Model 303 tumed for 0-20% CO,.
%S Lira Infrared Analyzer Model 303 tuned for 0-20% Gl .
®Varian Acrograph €G with a 10-port automatic gas sampling valve instélled;
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The output from the NDIR's i: preserved on a 3-point Honcyweli recorder,
(116). At the start of the operation, the product gas may be replaced

by a calibration gas on a zero gas to facilitate adjustmeat of the XDIR's.
At the end of the sawpling period, e.g., ten minutes, the tizer automati-

cally swiiches sampling to CRU-2. This sequencing is repeated for the
desired period of operatjon. ’

The gas chromatographic system coarists of two Perkizm-Elzer Model
154 modified instruments containing 1I0-pert 2utomatic gas sz=zling valves.
The valve operations dre controlled by a Varian Model CDS-101 Chirczatog aphv
bPatz System processor which controls ‘the sa=ple injection ané istegrate
the resulting chromatogra: as area percent of each component, 7This sys-
tez 'will be tested thoroughly on synthetic mixtures prior to ics application
to the present-work, (Delivery of this unit is tentatively scheduled for
early September.) To economize laboratory space, the MSA KDIZ anzlvzers
and their 3-point reccrders will be panel mounted in a portzdle cabimet.

4, Task I -VWork Forecast for Second Quarter

. Table 1 sumarizes the work that is scheduled for the mext quar-
terly period. The list of outstanding equipment is summarized in Tabie
&, Assuming that everything arrives as scheduled, the next gzarter will
be devoted largely to the assembly of CRU-2 and the znalytical package.
Each system-will require considerable testing and training of persomneal.

Iable 4  Outstanding Equipment

Item No, Description

Supplier
1 - €O - KDIR MSA
2 CHA- NDIR MSA
3 Carberry type Aatoclav:
. ) stirred catalytic Engincers
) reactor
4 ' C0S~101 Chromato- Varian Aszociates

graphy data system

5 : Two l10-port auto- Varian Assccizates
; matic gas sompling

valves with air

actuators
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B. Task V = Catalvsats Prcparation and Charactcrization

In the original prooosal for this xork, we emphasized the fact
that the major effort in the developument of Els;hcr-Trowach catalysts was -
directed towards producing liquids, e.;., C. hydrocarbons. Hoirever, based
ou the work summacized by Storch, Golumbic and Anderson (Fischer-Tropsch
and Rolaced Svnthesis, 1“:1), there appears te be considerable evidenca
to support the belief thot with the appropriate choice of catalyst and
reaction conditions, tho Fischer-Tropsch process could be modified to pro=
duce gascous hydrocarbons, This work will seek to establish those nec~
£SSATY process varlublcs and to develop Sult“b7e catalysts°

The table below list some of the F-T catalysts that have been
reported in the literature vhich show high selectivity for the € -G, hydro—
carbon fraction. It should be empha51"ed thar the F-T synthesis précgss
has been eptimized to produce gasolineand diesel fuels and, -therefore, ° -
" *hese catclysts represent the "undesxrables" fer that process.

Tabla 5  Potential Qatalysts -

Catalyst . . Renarks
Fé3b4'HgO-R20 - ‘Fused ammonia catalysts

~ 43% C.,-C, yield after
H, reduction, yield in- -
cTeases to =~50% after
nitriding pretreatment

100 Fe:10 Cu:l00 kieselguhr ~ =39% C,-C, yield at 7.5 atm

1:1 B,760"
100 Fe:20 Cu:Q.ZKZCQ3 “reclp; ated Irom ch10r1de,
: at 280°C ~69% ~C¢ yleld

100 C0:18 Ih02:100 kielselguhr Precipitzted with (NHA)
gives higher ylelds of C2 &

100:Ni:18 Tu0,:100 kieselgahr  at 178% =33% c,~C, yield

Fe304 =K. C03, sintered =30% C 4 yields
100 Alan ‘Weod Magnefite - =447 C,~C, yield but overall
16 water glass - 0.5 K,CO low activicy
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Aunderson and coworkers have described a number of catalysts which
are active for the Fischer-Tropsch synthesis. They studied the selectivity
of many iron catalysts,-and their results can be summarized in terms of

the operating variables of tcaperature, pressure and gas composition as
follows: ’ ’ .

1., Increased temperatures cause @
a) decrease in average molecular weight of hydrocarbon praducts; -
'b) decreasc in production of oxygenated organic compounds:
¢) either increased cr constant amounts of olefins to be formed,

Increodsed pressures cause increases in the average molecular weight .
of hydrocarbons, ’

3. Increase -in HZICO ratio causes:

e

&) imcrcase in ussge ratio (1

b) decrease in average wmolecular weight of product;
c) decrease in olefin content of products,

&, Increase in particle size causes:
a) decrcase in catalyst activity;

b) increase in gascous products.

These results inmply that our catalyst screenting tests should be conducted
at high temperatures and ,/CO ratios and at low pressures on catalysts
with lorge pore volumes and/or low areas.

1, Catalyst Preparatiocns

With the above concepts in mind, we have preparcd a number of |
catslysts which may be uscful to the stated objectives. These catalysts
ware prepared according to recipes presented in Storch's book. In some
cases modifications were cmployed to facilitate ease of preparation or
to obtain a series of well characterized catalysts, Table 6 is a surtnary
ol the cotalysts that have beon prepared in this laboratory, Table 7 is
a summary of commercial catalysts that have been obtained for evaluation
in -tiiis work. A scven digit alpha numeric system is used to designate
the various catalysts. (The first term identifies the major metal component,
the second term refers to minor metal content, the third and fourth terms
identify jromoters, the fifth term rcfers to the support, the sixth term
identifies the catalyst preparer by initials, and the last term indicates
the chirenological ordering of the catalysts, Whenever a quantity is miss-
ing, it is omitted from the sequence.) For example, Fe-Cu-Ca0=-Kg-SZ-8 -




72 IR
tem No,

1
2

10

11
12
13

14

Table 6 Summary of Laboratory Catalysts

_ Fe=Cu~Kp~RD=4~Cal 100

Catalyst Deslenation _ Catalyst Compositinn
Fe-Cu=X,0=5Z«1 _ 100 Fe:10 Cu:l X, CO
L ! 7. 3
Fa=85Z=2 Fe
Fe~52-3 Fe
FebCu-K20~SZ-4 . 100 Fe:0.3 Cu
Fa-Fe~Gu-K20-SZ-S ’ 75 F +2'2) Fe+3:20 Cu:
1 K,)C0, ‘
FeFe-CumSZ-6" 75 ve*2125 £t i20 cu
Fe~Cu~Cal~Kg=52=7 100 Fe:5 Cu:30 Ca0:100 Kg
Fe=Cu-Ca0-Kg~SZ-8. 100 Fe:5 Cu:30 Ca0: 100 Kg
Fe-K,0-Ca0~A1,0,~82%-9 100 Fe: 1 K,0:1.6 baO
2 2”3 3
. 5 AL,
Fe-Cu~K20*Dol~SZ-1O 100 Fe: 5 Cu 75 Dolomite:
- ‘ 3K co3
Po~Cu-K,0 0-Zn0-8Z=11. - 100 Fe:5 Cu:75 Zn0: 6 7,00,
Fe70u-A1203-Rn41 o 100 Fo:10 Cul00 AL,0,
Fe~Cu=A1,0,-RD=2-Cal " " 100 Fe:l0 Cu:l00 AI 204
. Fe~Cu-Kg-RD=3 - 100 Fe:10 Cu:100 Kg

Fe:l0 Cu:100 Kp

Comments
Precipitated with Na2c03

Precipitated by K 3

Precipitatcd by (1 4)2 co
to be alkali frce

Precipitated by ﬁﬂzcos,

Prccipitaécdvby'udzcoé
ex chlorides ‘
Precipitated bj(u"4) co,
to be alkali free

Precipitated by (NHQ) co
to be alkali free

2.3
‘Prccipitated by Naz 3

" Fused ac 950°C for 1 hr.

Precipltated by Na,C0,

Etccipitatcd by N32003
Alﬁminn’imprcgnated-

Samc as 12, but calcined “at
1000 c £or 1 hr.

PrccipitnLcd by (NH ) ,'CO3 -

-"Gnmc e 14, but ca1c1nod at

]()()() ¢ ofor 1 ey



Item No,
16

17

18

19
20

21

22

23
24

25
26

27
28
29
30
3
32

Catalyst Designation

Fe-Cu-KZO-RD-S
Fe-Cu-KZO-RD-B-Cal
Fe~Cu-K20-Kg~RD-7
Ni=Th0,-Al_0.~RD=~1

Rl
Ni-ThO,-Kg-RD~4

Ni=Th0,-Kg~RD~G~Cal

2

Ni~1h02-A1703~RD ~3-C

Ni-ThO,-Kg-RD-~7

2

Ni-ThO,~Kg-RD-8~Cal

2
Ni~PE-12
N{i=-TB~10
Ni=ThO -A1703-sz-12
CO-ThO -Al 0 -QZ-13 -

-Al,0,~RD-1

CO w
0=Th0,-Al,0,4

Co. - aRD=2~
‘IhO2 A1203 RD-2~Cal

C°~Ihb?-Kg~RD-3'

Co aThn, -Kg~-RN=4-Cal

2

Table 6 (Contd.)

Catalyst Composition

100 Fe:20 Cu:0;2 K,CO

3

100 Fe:20 Cu:0,2 K,CO3

100 Fe:10 Cu:0,2 KZCO

3

100 N{L:18 Th02:100 AlZO3

100 N1:18 Th02:100 Kp

100 Ni:18 Th02f100 Kg

100 Ni:18 1%02:100 A1203

100 Ni:18 Th0,:100 K

100 Ni:18 Th0,:100 Kg

Unsupported Nickel

Arc-Vaporized Nickel

100 Ni:18 ﬂ)Cz:IOO A1203
100 (kxlB_ThOz:IOO A1203-

10¢ Co:18 ThO, :’1«10'.«1201‘
100 Co:18 TH0,:100 A1,0,

100 Co:18 ThO,:100 Ke

107 co: 18 1%02:100 Ke

:100 Kg

‘Comments

Precipitated by Iﬂazco3
Same as 16, but calcined at
1000 Cc for 1 hr.

Precipitated by Na2C03
ex chlorides

Alunmina impregnated
Precipitated by (NHI‘)2 CO3

Same 578 20, but calecined at
1000 % for 1 hr,

amu as 19, but calcined at
1000°C for 1 hr,

Precipitated by Na2C03

Same as 23, but calcined at

'1000°¢C for 1 hr.

Ex carbonatev

Prepared by Dent-Bierl=~arc
vaporization process.

Co~precipitated Aizo3 by K CO3
Co-precipitated Al,0,

Alunina impregnated

Samc as 29, but calcined at
1000°¢ for 1 hr,

Prccipttatcd by K2 3

Snmc as 31, hut calcined ac
1000°¢ for 1 hr,

by-(NHh)z co

3



Jtem No
1

10

Tsbie 7 List of Commercial Catalysts

Catalwst Desirantion Nescrintion

Ni 2037 ~58% nickel on
kieselgubr, 1/8"x1/8"
pellets, raducad,

Ki 2307 ~60% on aluminad,
) 1/8"x1/8" pellerts,
reduced. _
Ri=G=32 337 nickel on

refractory support -
3716"x3/16", roduced.

Ni-Cu-a1,0,-G1312 © 11% Ki and 1% Cu on

Supplier
unppIroT

Chemetren
Corp.

Chemetron.

gamma aluming, 3/16"x1/8" - Corp.

Fe~G=34 - _  chromium-promoted iron

oxide, CO conversion
catalyst, 3/8"x3/16"

Fe-G-82 . triple-promoted iron
oxide, ammenia
synthesis catalyst,
granules -

C0-Zr0,-Kg-G-67 - . 607 cobalt, zircouium

= R promoted supported on
kiesclg?hr, powder

CO-Kg~G-61 607, cobalt on kieselguhr
powder

C0-La~900 A ianthanum cobalt oxide
powder )

Fe-Mag-8 . Alan Wood Magnetite

- .Chemetron .
Corp.

- Chematron
Corp.

Chemetron
Corp.

Chenetron
“Corp,

Molycorp.

PERC, EED




identifics an iron-cepper catalvst prosoted by calciun oxide and supported
on kiczelpuhr which wvas preparced by Susan 2leinick as her eighth catalyse.
Note that many of the catalysts are Tepeats with minor variatiens in =ethed
of preparation. For example, the pair, Fe-$Z-2 apd Fe-S$Z-3 ¢iffer only in
that the latter is alkali free. This and sizmilzr cosbinations will peeit
us to cvaluate the cifvets of alvali aud suppore, c.g.. K,0 content. und
aluwaina versus kicscelpuhr,
»uat;a" these catalysts during Task 11'%s tenure.

248

2. Catalvses Characterization Ly Surfnce Ar-a Measurements

Over the years, knowledne of the total surface area and sctive
mxtal surface areas have come to be recopnized ss absolute nocessitles in
understanding processes at the surface of a catalyst. While the BN ccthod

e b
using nitrepen or argon at -195°C has become the standard technique to
mezruring the amount of physically adsorbed matersial in a monvlayer and
wwnce the total surface arca, techrigques for measuring the active metal
surface arca arc less well established. The two prevailing approaches have
been:  a) to measure thie mmount of %"ﬂrc ;en adsorbed at roon temperaturc

or at 1060°C at a sufficicnt pressure to cnsure saturation of the surface;
and b) to meaczure the dilference bemixen the azount of carbon monozide to-

taily adscrbed and the

and the awount of nitresen phyuically adsorbed on tep of
the chemizorboed €O, VPhysically adscorbed €U is reroved by degassing at ~78
Unfortunately, often the two metiiods yield diffcrent values for the metal

arca. Several explanations have been presented to account for these
differcnces.

An attempt to cbtain the tozal (TSA) and metal surface ascas (MS4)
of a nuzher of the catalysts designated for Task IT studies was initiated
yrior to the inception of this contract. However, since the work was cone
tinued under this contract, the results will be reperted here. A standard
rultipurpose vacuum systes vas uscd for this work. Both mothods described
above were uvmployed and the results are prescented fn Iatle §. Consider
thc first entry in this table which is a comaercial nic}cl on Kigselguhr

talyst. The results froﬂ the CO-N, method at -195°C indicate that the
actal surface arca is 60 md/g. However, hydrogen adsorption at room tcm-
perature gives a value about -one-third of this amourt. The difference nay
be in part duc te the onc-point method (suggested by Slnfclt and coworkers)
for determining the chemisorbed azount of hydrogen in a monolayer. More
importantly, these two valucs should serve as a bracket about the actual
total metal surface arca and is, therefore, sufficient fot design purposcs.
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€0 and “2 Chemlsorption

LO chemioorption at -195 C,

Total SA A

Catalyst (m? /) Mothod of Measuring TSA

Ni-203T 121.1 N2 on chemlsorbed. CO at

Fe=Cu=Kg~RD=3 12,4 N, on chemisorbed €O at

Fe=Mag=-8 2.1 N2 on chemisorbed €O a
‘ 1.8 Argon at =195%

Ni=PE-12 | 5.7 N, on chemit srbed CO-at
o 5.6 A¥gon at =155°¢C
Ni~TB~10 8.8 Argon at =195%

' 8.9 N2 on chemisorbed CO at
Kieselguhr bk N, at =195°¢
CO-ThO,~Kg=RD=3 778 N, at ~195%

Dotted line indicatas not muasured. .

2ads

~195%%

-195%

~195°¢

=195%

-195%.

Tahle 8 Surface Area Comparison by

5A via.co™rPC

3

Chemi

(m

orption
[ed.

J60.1

3.1
0.9

.4n0;

2,82“

s

MsA via M, ¥
Chcmiuorp%ion
£l [ o)

20,1
7.2

.9‘1'
1.9
0.9

0,06

. 4.8

- at ‘room tcmperature and 100 mm unless. OtthWlse Stﬂuedc

Csurface area determlned from difference in carbon monoxide and nitrogcn volumes adsorbed

pcr gram at ‘the relative pressure,- P/P ’ equnls 0.1,




3. Choerical Analvses of Su2e Catalysts

Another problem assaciaiod with making comparisons of the perfora-
ance of a nuzber of catalysts is establishing the bases for such a compari-
son, In addition to the total and active netal surface areas, onc would
like ro know the mount of ret2l present in the catalysts, Due to uncer-
tainty in completceness of precipitation and solubility of the various cb:-
ponezts of promoted dual-motal catalysts, we decided to undertake a chem-
‘ical analysis of the catzlysts that were prepared in the laboratory. Table
¢ shows the partial results of that work, It indicates that the catalysts
have nominally the percentage cf components as cxpected. It does, however,
offer the advantage of knowing more precisely whac the actual concentrations

of spacies are. Thus, comparisons can be made more intelligently from these
data. o

4, Suvmarvy arcd Work Forecast

As indicated by Tables 6, 7, 8, and 9, the preliminary work on
catalyst prepzrations have been complered, Until a substantial number of
these catalysts have been tested, the only work that is needed in this arca
is the completion of the surface arcz measurcnents and chemical analyses.
Tnis should be completed during the next quarter,




Tahle 9  Chemical Analydian of Laboratory Catalysts

) ~Measursd | Expected
Measured Principal Expected Princilpal HMinor - - Minor
Ttem No, Catalyst Dosipnation Component Componaent Component Companent,
1 FemCu=K,0-57-6 60.0% Fe 68.1% Fe  2,2% Cu 2.0% Cu
2 FeCu~C,0-Kg~52-8 30.5%Fe 3584 Fe 3.9% 18k Cu
3 Fe~8%Z~3 62,6% Fe 69.9% Fe - -
4. - Fe—Cu~K20~SZ-1 B ' 57.5% Fe - ~ 63,9% Fa "3 18,5% Cu* 6.4%
A 5  Fa-Cu-K,0-Zn0-5z-11 38,8% Fe . E34%Fe. 5,% Cu  Z.2%
[ - . . ’
bed ot : - ’ ' " S ’ .
6 . Fe~Fe-Cu~K,0~8Z~5 - '83,7% Fe. : 60,9% Fe ©12.7% Cu- 12.2% Cu

2




C, Iackeround Vork for Task IV - Mechanistic Studies

4 complete understanding of the processes involved in hetero-
genaous catalysis requires, first, a knowledge of the nature of the chem-
ical reactants at the gase-solid interface, i.c., the structure of the ad-
sorbed specics, and sccondly, a knowledpe of how titese species interact
to form produces, i.e., the role of the reactive intermodiates, Tae ap=
plication of infrared spectroscopy to surface chemistry represents a ma-
jor advance towards answering these two fundamental questions, There are
many cxamples in the scientific litcrature demonstrating the utilicy of
this technique in providing answers in the former area-adsorntion, There
are, however, comsiderably fewer exumples with respect to the latter case,-
Tnis lack stems largely from the experimental limitations imposed by the
techniquc. ’ - -

Two mothods willle used in this worlk to remove some of the more
scrions limitations and thereby develop an infrared technique <> study
heterogeneous reactions under dynamic conditions similar to actuzl indus-

trial conditions, The first method involves passing infrared radiation
through & "fluidized bed” of the caralytic material, (Tne terc “fluidized
bed" is used to describe a reactor wherein the catalyst-is suspended in
the gas phasc medium by Prownian motion, hence, an aerosol-bed,) The secc-
ond method I-volves the pressed disc technique wherein the catalyst sziple
is pressed intc a vary thin wafer. 7This wafer is then fixed in the I.R.
beam by 2 metallic (or quartz) support within an infrarsd cell. Spectra
are then obtained first on the catalyst in an active state in the zbsence
of reactant gases and subsequently in their presence., Work to date has
concentrated on developing the aeroscl-bed technique,

1. A Svstez for Studies of Nickel Acrosols

Since nickel is the most cffective methanatior catalyst, ve have
initiated our studies using this material, Briefly, the acrosol-bed teche-
nique involves gencration of the catalyst by arc-vaporization techniques,
gas-phase transfer of the azrosol to a long-path-length infrared cell where
observations of surface reactions are made, and removal of the aerosol from
the system by electrostatic precipitarion. Arc vaporization, which is
the most sophisticated of the ssveral unit cperations involved in this
process, is employed as a means of generating a clean metal surface of
sufficiently small particle size so as to permit infrared transmission
through the bed. In this process, the metal, e.g., nickel, is vaporized
at temperatures in excess of 4000°K by transfer of a high intensity clec-
trical arc to the surface of a plug of the metal which serves as the .elec~
trode for the circuit. Since the metal is well above its boiling point,
vaporization occurs at a rate proportional to the amount of heat transfer-
bed to the surface, Hence, a dense gas of metal atoms is produced, In
this case these nickel atoms or atom-clusters are rapidly quenched with-
in the vaporization chamber, and are swept through the system by the he-
lium carrier gas. As the nickel aerosol emerges from the vaporization
chamber, it passes through two heat exchangers where its temperature is
adjusted as desired, The aercsol then passes into a 40 meter Wilkes long-
path-length IR cell which is modified to retard deposition of the nickel
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particles on the mirror surfaces. Because nickel in quch fln&l) divided
states ropresents a potential health and safery hazard, the aerosol is
clesned by passage throush two electrostatic precipitators in parallol-
before venting the gas, Figure 7 is a schemaric diagrimof the process. -

As indicated hy the diaprom, adsorbate gases can be injected into the
acrosol just prior to entrance to the infrared cell. Rotamcters on. the
heliun ard adsorbate line perait weasurcrent and adjustment of the pas
concentrations ar will., Spectral observations are made first in the ab- .
sence of adsorbaie zases, i.e., background condition 1S, then in the pres-
ence of adsorbate gases, e.g., €0, H,, C07; or miztures of these gases..

An equivalent concentration of adaornace fases in- the reference beam of

the Beckzann IR 12 infrared spectrophotcmeter used -for these studies per-
mits compensation for the gas phase effects., “Thus, the dificrence between
these two spectra represents the spectrum of adsorbed. species, assuming

of course that the background remains constant over this period., In this
manner, a nusher of mechanistic studies will ke conducted with the objective
of characrerizing the r;actloﬂ lnt;r‘Edluth at the surface of thc cataly t.

To. date this prchCt has evolved to the >ta~e herc all of the
earlier problems associated with rewoving 16 kilowatts of ‘heat from the
two-liter vaporization chasher have been solved, 4s a result, we can gen-

eratc aerosol routinely for periods of several ‘hours. Unfortunately, we

de hzave an tnforescen problem. Because of the limi.od supply of electrical
powar to cur wing of the buiiding and the hizh power consumpticn invelvad

with operation of the walding machines, we are limited to a work schedule
involving night and weckend operations. ' :

Tais eystem has severzl advantages znd disadvantages “associated -
with it. arxonz its advantages is the removal of the catalyst support and
consequently tne opportunity to obscrve low froquency i infrared vibrations,
typiczlly in the recion where surface-to-a G:OrbatEa bonds are expected .to
absorb, These olservativns would ba unobtainable otherwise, Becausc of
the narner of operation which is essentially plug flow through the reactor
one is alvays observing a fresh surface. Tnis surface may contain adsorbed
species depending upon whether or not adsorbite gases were introduced in<
to the ezeroscl stream. This means that a re-examination of the catalyst
in the menner associated with pressed-dick IR samples is not permissible.
This places a stringent requirement on the rat¢ of aerosol generation --
it rust be comstont, =nd cn the particle size distribution in the acrosol

=~ it too musi bo constant. Tests of the generation rate during two~hour
periods of operation showed that the rate of aerosol generatiom varies
by less thean 5 percent over this period, and therefore, may be considered
constant, Particle size measurement has presented a problem and will be
dlSCJSSEd next, - '
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2. Aerosol Characterizazion

Particle sizes can only be obtrafnad indirectly, for example,
by measurcment of the total surface area, However, since the surface area
is actually the important parameter for both catalyst activity and infra-
red transmission, this is sulficient. We have observed that the nickel
powder generated in this process will spontancously ignite upon exposure
to the atmosphere, Tihis fact coupled with the desire to establish the
catalytic activity of the azcrosol led us to design 2 sample collector and
reactor which satisfied the nced to sample the aero.ol without ex posuru
to the cenvironment. :

Qur first attempts at this-were unsuccessful, We found thar a
pyrex trap centaining glass wool quickly uas plugged by the aerosocl. Re-
placement of the glass wool by glass spirals proved to be more successful, .
Figure 8 shows a schematic of this sample collector. . Surface area msasurc~
pents on sanples collected in this mouner indicated rhat the catalyst had
an arca of apar0t1mate1y 14 mz’g. This value is much lower than a previously
obtained value of &2 m2/g collected in a much different wanner. These re~
sults suggest that we are not collecting the entire particle size distribu=~
tisn of the aerosol but, rather, only the larger particles, " As a result,
the collector will be redesigned. Hovrever, ‘since we had a knoyn quantity .
of catalyst vhose surface area was also known, we decided to investigate K
tha catalytic activity, : ’ o B

3. Proiiminary Catzletic Studies

This unit behaved much like a batch reactor. Subsequent reaction
rmeasurements in this reacror indicated .that the catalyst had a very high
activity for catalytic hydrogenation. 4 4:1 hydrogen:ethylene mlxtureo
at £00 mm Hg was admitted to the reactor for a one minute period at 27 C.
Analysis of the hydrocarbon fraction was accomplished by gas chromatographic
separation on an aiuwnina column. bBased on a comparison with d.ta presentsd
in Bond's book (Uatalysis bv Metols) the rate approaches a factor of 107
greater than previousl: renorted catalysts. It saould be stressed that
tiiese results are tentative and vork is in pgogress to confirm these in- '
itial observations. ‘

4. Infrared Studies of lclcl Lercsois

i

Tc date, we have made only one complete test of the infrared
cell which was designed for this system. During that test, an inircial
decrease in transmission occurred which invalidated the test. It was
later estzblished that this transmission loss was due to deposition of -
large nickel porticles on the field mirror of the cell, We have attempted
to correc. this problen by installing a large settling tank in series prior
to the IR cell, Additiona2l tests of this system has been schedulzd for
the forthconing quarter. Despite the problems vhich occurred during this
test, our understanding of the systen was increased murkcdly. As a rTesult,
futurce tests sbould prove to be more successful,
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5. Surmarv md Tosk Foroeasts

» To sumaar’ze this.section we have nastered the difficult task
of generating a clean, fine-particle-si-ze acrosel for infrared-studies.
In addition, we have initisted expovimenls LO establish the catalytic re-
activit of this form of nickel catalyst and to make comparisons with con-
voentional types of mickel catulysts, We have desigued a sample collection
unit which shoulc erove uscful for future measurements of .surface arsas aund
catalyst activities. - : '

During the aext quarter, we anticipate that wmaking infrarved tests
ca the system using a number of adsorl-ite gascs, C.f8. co, CO,;, H. and
N. will occupy the m-ior portion of our time. _The renaining avaifable time

Pt

ki © e
will 5S¢ devoted to completior of the. catalyst's charvacterization by con=
ducting ethy? ro hydrogenation studios at gseveral temperatures and by care-
rul reasurcsent of the surface area of the nickel powder collected in such ’

4 mt .or which will ensurc its aerosol character, Tzble 10 sunmarizes ..
the work accanplished for this task and gives the tentative schedule for
thio worh vhigh has-heen planned for the next gquarter. ' ‘

Tabis 10  Task IV Mechanistic Studics - Backgrouad Work

Jdtom No,  No, Wecs af Warks : Description of Subtasks
1 Final modifications of aerosol generation system.
2

3 v .st rune of the aerescl system to establish
’ goneration rates. i

3 2 Test run. of the complete system and subsequent .
repairs on the Wilkes cell.

4 osign and fabkrication of a saple collcction cell.

5 Acrosol somple coilac;ion and surflace area’
neasurcment. - ’

6 1 Prolimirary catalyst activity maasuronents

: using cthyicne and hydrogen.

7 3 Datailed catalytic activity measurements of
the CZUQ-“Z tTeaction. :

5 ) Surface arca measurcments of the aerosol powder
in the redesigned cell,

9 (7) " Extensive test runs on the complete system to

- obtain infrored data,

Nurbers In parer -hesis refer to work forccasted for the next quarter,




IV, CONCLUSIONS

Th- sughout the previous sections we have stated the work accom=
plished in this contract. 1In Task I, one reactor unit has been completed

and a second unit has been designed. In Task V, a considerable number

of caralysts have been nrepared, a number of which have been characterized,
In Task IV, nuch of tho preliminary background wuark fov mechanistic studies
have been completed. We cenclude, therefore, tiin:- the work is proceeding
according to schedule and in some areas is slightiy chead of schedule,



Appondix A

The investigation of catalytic syntheses of gascous hydrocarbons
shall procced according to the following tagks: .

1. Task Mo, 1

a, Equipzent and apparatus shall bé assembled and integrated for
the study of catalytic synthesis of hydrecarbons by means of pas cliromato-
graphy ond in situ high-pressure infrared spectrometry. Catalyst systoms
employing hoth fl\ﬂd- and fluidiz Cd“bkd mode of opcratlon shall be provided,

b. Simultaneously with this cffort the Princip“1 Invostigator
shall ascertain in greater detail- through discussions with catalyst man=- -
ufacturers and uscrs, the catalysts currently being employed for gaseous )
hydrocarbon syathesis, and the principal probless with use of such catalysts,

2, Task Xo. 2

'JA

ScrcemnP to sh ail be duvelo;Ld for evaluation of catalyst
formations used in synthesis of C1 i nvdrocurb01 The adeguacy of tie
tests shall be verified using catdlysts known to be effective for such
reactions. The tests shall be used to evaluate mew catdlyst preparations
that offer the pessibility of improved effectiveness and resistamee of
poiscning and sintering under the conditions of synthesis of various gascous
hydrccarbons from carbon monoxide-hydregen mixtures,

3. Task Bo; 3

The most promLSLug catalyst formulations obtained from Task
1 be used for kinetie studics, Data obtained from the studies will
e used te velop equations for predicting product yields of gascous hydro-
carbons as a fraction of temperature, pressure, I, /GO ratio, and uther ex~
perimcital parameters. The data will also be lnLLlprLth in terms . of pos~

sible reaction mochanisms, to 'serve as a guide for more challcd studies
{Task &),

o N

vil
us

4, Task Lo, &

Studies shall be carried out on the mechani a of formation
and types of reaction ir. rmediates formed during the catalytic synthesis
of gaseous hydrecarb.: .sing the apparatus and approaches deseribed in
Task 1. Tn addition, catalyst poisoning and mass transfer cffects will
be assessed via a gas chromatographic pulsed tracer technique.




Alternative catalyst preparation approaches will be under-
taken, involving (a) the Michalko techrnique for imbudding catalytically
active metals at a controlled depth within a catalyst pellet, and (b) de-
velopment of catalyst formulations for simultancous shift conversion and
‘methanation, ‘

6. Task No, 6

Tests of long-term activicy, poisoning, and regeneration of
catalysts shall be carried out in laboratory apparatus, and evaluations
of the most promising candidates shall be conducted in a fluidized-bed
reactor,

7. Task Na, 7

o , The data obtained from Tasks 1 through 6 shall be su=marized
and interpreted in the final report on the contract. This finzal report
shall include the advantages znd disadvontages of each catalyst system,
the economics of production of SNG and SLPG from cozl-=derived synthesis

" gas using .ifferent catalyst formulztions, and recommendations for addi-
tional research in the field of catalytic synthesis of gaseous hydrocarbozs

8. Task No, 8

The Principal Investigator shall furnish consultation and
advice on subject related to his expertise, at such times and places as
mutually agrecd upon,

These tasks shzll proceed according to the Tollowing tentative schedule,
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