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DISCLAIMER

This report is an account of work sponsored by the United States
Government. Neither the United States nor any agency thereof, mor any of
their employees, makes any warranty, expressed or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process or service by
trade name, mark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Govermment or any agency thereof. The views and opinions of
the authors expressed herein do not necessarily state or reflect those of
the United States Government or any agency thereof.



EXECUTIVE SUMMARY

Amoco 0il Company, under a contract with the United States Department of ..
Energy., is investigating a selective catalytic cracking process to convert
the Fischer-Tropsch gasoline and wax fractions to high value
transportation fuels. This report describes the work in the second
quarter, fiscal year, 1993, the seventh quarter of the two year project.

Task 1, Project Management Plan. The plan has been accepted by the
Project Manager DOE/PETC. This report contains the most current and
accurate information and projections of the scope of work, schedules,
milestones, staffing/manpower plan and costs.

Task 2, Preparation of Feedstocks and Equipment Calibration. The work in
this area is virtually complete. The primary wax feedstock for this
program, a commercial sample of Fischer-Tropsch product from Sasol, is a
high melting point, (>220 *F), high boiling range (50% boiling above

1000 °F), largely paraffinic material. A second feedstock being used is
also a high melting point paraffinic wax. It was produced by the Liquid
Phase F-T demonstration plant at LaPorte, Texas, and is contaminated with
about 2.5% of finely dispersed iron F-T catalyst.

Task 3, Catalytic Crecking Catalyst Screening Program. MYU experiments
with the LaPorte wax as feedstock demonstrated the feasibility of the
concept of selective attrition of the FCC catalyst. An invention
disclosure was submitted for a process modification of the FCC unit and
catalyst that would allow the use of wax feedstocks that contained high
levels of F-T catalyst fines.

MYU experiments comparing the Sasol and LaPorte wax feedstocks with USY,
Beta and HZSM-5 catalysts showed that the type of FCC catalyst has a major
impact upon product yields and quality. For a given catalyst, both
feedstocks have similar conversion values. The ylelds of the major
catalytic eracking products, light olefins, naphtha and distillate, do not
vary significantly with the two wax feedstocks. However, the presence of
the iron F-T fines in the LaPorte wax increases the coke and hydrogen gas
yields. 1In addition, small increases occur in the octane quality of the
naphtha products from the LaPorte wax feedstock.

Task 4, Pilot Plant Tests. There was no activicty in this area during this
Quarter.

Task 5, Preparation of C,~Cq Ethers. The methanol etherification of the
light naphtha product from the pilot plant F-T wax cracking runs yields a
mixed ether product. Etherification runs were completed on two additional
pilot plant light naphthas using two commercial etherification catalysts,
one of which contains a noble metal, in addition to the strong acid
functionality. Isoolefin conversion values were similar for the two
catalysts and three feedstocks in the absence of H.. With H, present,
product color is improved; but overall the presence of H, is not desirable
because olefins are saturated, which results in decreased production of
ethers and decreased product octane number.

Task 7, Scoping Economic Evaluation of the Proposed Processes. Economic
analysis of the eight pilot plant runs that were performed under Task &
showed that the net product values ($/d) for a complex refinery (contains
ether unit) were always higher than for a simple refinery (no ether unic).
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The delta in net product values for the complex and simple refineries was
greatest (about $74,900/d) for rum that used HZSM-5 catalyst (941-1); che
delta for the runs using only USY catalyst were about $43,000-55,000/d.

BACKGROUND

Fischer-Tropsch (F-T) synthesis technology produces liquid hydrocarbons
from synthesis gas (hydrogen and carbon monoxide) derived from the
gasification of coal. Domestic supplies of both high- and low-rank coals
are extensive and represent a strategic resource to supplement dwindling
petroleum reserves. The Fischer-Tropsch technology has been practiced
commercially at Sasol in South Africa since the mid-1950's. The F-T liquid
product consists of a broad range of mormal paraffins (Cs-Csy) and a swrall
quantity of oxygenates and olefins. The gasoline range Cs-C,, product
fraction consists of linear paraffins and olefins of low octane number.
The distillate fraction, C;,-C,s, is an excellent quality fuel. The largest
product fraction, C;g+, iIs primarily wax and Is useless as a
transportation fuel. There are many studies on the upgrading of these F-T
liquids. These products are further treated by conventional petroleum
processes, such as hydrotreating, reforming and catalytic cracking to
produce conventional gasoline and distillate fuels. There are no reported
studies of the catalytic cracking processing of F-T liquids to produce C,-
Cg olefins as feedstocks for the synthesis of gasoline range ethers and
alcohols. These studies are the primary focus of this project.

Fuel oxygenates, particularly alcohols and ethers, represent a potential
solution to environmmental concerns due to conventional automotive fuels.
Governmental regulations, most recently in the Clean Air Act Amendments of
November, 1990, have resulted in the phase-out of lead additives, lowering
of the Reid vapor pressure of gasoline and in some geographical areas, the
mandated use of oxygenates. Recent studies of methyl tertiary butyl ether
(MIBE) and tertiary amyl methy. ether (TAME) suggest that these compounds
may reduce automotive carbon monoxide emissions, have high blending
gasoline octane ratings, R+M/2, (MIBE=108, TAME=102) and have low Reid
vapor pressure. These ethers are produced commercially by the
etherification of the appropriate olefin by methanol (MIBE, isobutylene;
TAME, isoamylenes). These olefins are derived from conventional petroleum
processes such as catalytic cracking or steam/thermal reforming.

There is a growing need for alternative sources of olefins for ethers and
alcohols syntheses as demand for these materials escalates beyond the
capacity of conventional petroleum processes. This project addresses this
requirement for an altermative olefin feedstock for oxygenate synthesis.

PROGRAM OBJECTIVES

The objective of this program is to prepare high-value transportation
fuels, including gasoline, distillate, and gasoline range ethers and
alcohols from mon-petroleum resources. A selective catalytic cracking
process of Fischer-Tropsch liquids is proposed. The C,-Cg product olefins
would then be etherified with methanol to prepare the target ethers:
Alcohols will be produced by direct hydration of C,-C; product olefins.
The gasoline and distillate products are also expected to be superior to
conventional fuels because of the unique combination catalysts to be used
in this process.




PROJECT DESCRIPTION

A two year, multi-task program will be used to accomplish the objective to
develop a selective catalytic cracking process to produce premium
transportation fuels, including ethers and alcohols from Fischer-Tropsch
gasoline and wax products.

Task 1. -- Project Management Plan. A plan will be prepared which
describes the work to be done, milestones, and manpower and cost
requiiements.

Task 2. -- Preparation of Feedstocks and Equipment Calibration. Suitable
mixtures of Fischer-Tropsch waxes (Cig+) and light olefin components (Cg-
C.,) will be prepared to simulate full range F-T liquids without the
premium distillate products. The necessary analytical equipment will be
calibrated for the detailed identification of C,-Cy4 olefins and ethers and
other paraffin, aromatic and naphthene gasoline range components.

Task 3. -- Catalytic Cracking Catalyst Screening Program. Various zeolite
catalysts and process variables will be studied with small scale test
equipment.

Task 4. -~ Pilot Plant Tests of the Optimized Catalyst and Process. The
optimized process will be tested on a pilot plant scale. The target light
olefin products, gasoline and distillate products will be produced in
sufficient quantities for complete characterization.

Task 5. —— Preparation of C,-Cy; Ethers and C,-Cy Alcchols. These products
will be prepared from the pilot plant C;-Cg olefin products.

Task 6. -- Evaluation of Gasoline Blending Properties of Ethers and
Alcohol Products. The gasoline blending properties of the product ethers
and alcohols will be measured. The properties of the distillate products
will also be evaluated.

Task 7. -- Scoping Economic Evaluation of the Proposed Processes. An
economic analysis of the proposed process will be compared with
conventional petroleum processes and ether and aleohol synthesis routes.

The DOE reporting requirements for this contract will be followed in all
cases. This ineludes all project status, milestone schedule, and cost
management reports. A final detailed project report will be submitted
upon completion of the contract.

RESULTS AND DISCUSSION.

During this quarter, project activities center on Tasks 2, 3, 5, and 7 of
the contract.

TASK 1. Project Management Plan.
The drafr Project Management Plan has been accepted by the Program Manager

at DOE/PETC. This completes Task 1 of the contract. This document contains
the most current and accurate information and projections of the scope of
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work, schedules, milestones,staffing/manpower plan and costs. This plan
contains the following sectioms:

Management Plan

Technical Plan

Milestone Schedule ’Manpower Plan
Cost Plan

Notice of Energy RD&D Project

The technical approach builds from small scale tests of the selective
cracking concept to pilot plant scale verification of product yields. The
screening test results will serve as a preliminary milestone of this
process scheme. An assessment of project directions, scope of work and
objectives after this milestone will be appropriate.

TASK 2. Feedstock Characterization.

Activities under Task 2 of the contract continue. The primary Fischer-
Tropsch wax feedstock for all catalytic cracking studies thus far in this
contract is a sample from Sasol. The Sasol wax feedstock has been
analyzed by various analytical methods. The boiling point and the carbon
number distributions of the largely paraffinic material are consistent
with literature reports of similar Fischer-Tropsch samples. Except for a
pending measurement of viscosity, no further characterization of the Sasol
wax is planned.

Another Fischer-Tropsch wax feedstock (one 55 gallon drum) has been
received from the DOE sponsored Liquid Phase Fischer-Tropsch (LPFT)
synthesis demonstration run (19 day run, August 4-23, 1992) at the
LaPorte, Texas 0.7 T/D plant. These runs used a silica supported iron
catalyst. The presence of some initial catalyst fines and some atrrition
in the reactor caused a significant contamination (2-4 wt.%) of the wax
product with F-T catalyst.‘® A brief study of the catalytic cracking of
this wax is of interest since the high level of catalyst contamination
would preclude any fixed bed conversion processing (e.g., hydrocracking)
of this material. The Fluid Catalytic Cracking process operates with a
circulating catalyst inventory. This FCC operation may tolerate the high
contaminant F-T catalyst level found in this LaPorte wax feedstock.

The boiling point distribution (by GC simulated distillation) of the new
LaPorte wax feedstock is similar to the standard Sasol wax feedstock,
Figure 1. The LaPorte wax (61% >1000°F) contains more high boiling
material than the Sasol wax (52% >1000°F). The normal paraffin
distributions for the two samples also reflects this difference, as
Figure 2 shows.

Table I presents the solids content analyses of this particular LaPorte
drum sample. The wax is ashed and the residue is then analyzed by Atomic
Absorption Spectroscopy for individual metals content. The wvalue of 2.46%
solids (oxide basis) agrees with the average values reported by the
contractor for these runs, 2-4%.‘17 A simple centrifuge experiment did
not provide for a satisfactory separation of the F-T catalyst solids from
the hot wax sample. The chemical analysis results of the centrifuged wax
sample iIn Table I indicate that the catalyst solids are distributed in an
increasing gradient from top (3681 ppm) to bottom (9490 ppm)) into the
sample. However, the ash composition values from this centrifuge
experiment do not agree with the overall analysis, Table I. This
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discrepancy suggests that the catalyst may not be distributed
homogeneously in the wax. No further efforts are planned on catalyst and
wax separations. .

TASK 3. Screening Catalytic Cracking Tests.

Activities under Task 3 of the contract continue on the small scale test
unit, the MYU (Micro Yields Unit).

The Fluid Catalytic Cracking unit may tolerate the high level of Fischer-
Tropsch catalyst fines in the LaPorte wax feedstock if the F-T catalyst
can be selectively removed from the FCC unit. These F-T fines will
deposit on the external surfaces of the FCC catalyst microspheres. One
possible removal method is to selectively attrit the F-T catalyst from the
external surfaces of the FCC catalyst. This would be done with high
velocity air jets in the regenerator of a commercial FCC unit. The fines
would then be removed from the flue gas by conventional electrostatic
precipitators or other collection devices. A series of laboratory
experiments describes the results of this processing option.

The first experiment is the simple sequential catalytic cracking of the
LaPorte wax with one reference FCC catalyst. This would simulate a
working FCC unit and catalyst with the LaPorte wax as the feedstock. Ten
individual cracking runs (1 g LaPorte wax feedstock, 970°F, 5 g catalyst)
were carried out with the same catalyst (CCC-1397) sample, a commercial
equilibrium FCC catalyst. This wax cracking sequence results in a
significant deposition of F-T catalyst fines from the wax onto the FCC
catalyst. The iron content of the FCC catalyst increases from 0.42% to
1.05%. Table II, Part A. This F-T fines contaminated catalyst is then
treat.c in a laboratory attrition test. A high velocity air jet subjects
this catalyst sample to severe attrition conditions. After the attrition
test, the catalyst and fines are recovered and analyzed for contaminant
metals. The results of this attrition experiment, Table II, Part B, No.2,
indicate that the F-T catalyst fines are selectively attritted from the
contaminated FCC catalyst into the fines. The iron content of the
contaminated FCC catalyst decreases from 1.05% to 0.62% after the
attrition experiment. The iron content of the fines generated in this
experiment is nearly 3%. A control attrition experiment, with the base
catalyst, CCC-1397, without F-T catalyst fines is also detailed in

Table II, Part B, No.l. Note that the composition of the fines,
especially the iron content, is similar to the starting catalyst,
suggesting that no selective attrition occurs with the uncontaminated,
contrel sample.

A brief Scanning Electron Microscopy (SEM) study of the catalyst and fines
samples from these selective attrition experiments supports the
conclusions of the chemical analyses. A series of SEM photographs,
Figures 3 - 6, illustrates the fate of the F-T catalyst fines in these
laboratory tests. The base FCC catalyst, Figure 3, consists of varied
shaped microspheres with smooth, rounded surfaces. This morphology is
characteristic of the particular type of FCC catalyst and the abrasive
nature of the circulating catalyst inventory of a commercial FCC umit.
Figures 4,and 5 illustrate the composition of the FCC catalyst after the
sequential wax cracking experiments. It is clear that the F-T catalyst
fines (small bright spots, due to the high iron content) are deposited
mainly on the external surfaces of the FCC catalyst microspheres.
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Figure 6 illustrates the FCC catalyst sample after the selective attrition
experiment. Most of the extermal F-T catalyst fines have been removed
from the extermal surfaces of the FCC catalyst. Figures 7 and 8 show that
the fines from the attrition experiment consist largely of very small,
high iron content fragments.

These laboratory experiments demonstrate the feasibility of the selective
attrition concept. The FCC unit and catalyst can be adapted to process
these wax feedstocks with high levels of F-T catalyst fines. No fixed bed
conversion process, such as hydrocracking, could tolerate such a highly
contaminated feedstock. An invention disclosure has been submitted for
this process. Further effort would be required to optimize the selective
attrition process. However, no additional work in this area will be
performed under the present contract.

After it was determined that the FCC process can tolerate the high level
of iron catalyst fines in the LaPorte wax -- by the use of the novel
selective attrition process discussed above —— the catalytic cracking
properties of this new LaPorte wax feedstock were measured and compared
with those of the Sasol wax.

The catalytic cracking tests of the LaPorte wax feedstock with three types
of FCC catalysts (USY, HZSM-5, Beta) present an effective testing program.
The three catalysts represent different zeolite structures with varying
olefin selectivities. These catalysts have been used throughout this
program. Table 1II presents the detailed results of the catalytic
cracking tests on the small scale test unit, the Micro Yields Unit, MYU.
Both the LaPorte wax and new test runs with the Sasol wax are shown. This
is due, in part, to the training of a new operator.

The first question of interest is whether there is any variation in
conversion values between these two wax feedstocks. There is considerable
variation in the conversion values for each of the catalyst and wax
feedstock combinations. The conversion mumber is the sum of the cracked
products: gas(C,~), mnaphtha(Cs~=430°F) and coke. Two methods to calculate
the conversion are listed in Table III. One method is from the analysis
of the liquid product by GC simulated distillation. The other MYU method
derives from a correlation of GC area counts of the gasoline products.
The two methods provide similar but not identical conversion values. The
variations in conversion values among the samples may be due to operator
variability and other test variables, such as, feed delivery precision.
This series of MYU tests should be at the same test conditions, (970°F,
0.8 catalyst to oil weight ratio) but Figure 9 suggests that a wide range
of catalyst to oil ratios are actually recorded. However, the scatter of
conversion values for both feedstocks and catalyst combinations between
80-90% at cat to oil ratios of 0.9-1.0 suggest that both feedstocks have
similar conversion values. Further tests at a wider variety of catalyst
to oil ratios would be required to verify this tentative conclusion.

The next issue is whether product selectivities vary with the two wax
feedstocks. Figures 10 to 18 present product yields versus conversion
plots for the wax feedstock and catalyst combinations. The coke and
hydrogen gas yields for the LaPorte wax are significantly higher than the
Sasol wax (Figures 10, 11). This is the result of the iron Fischer-
Tropsch catalyst fines in the LaPorte wax. These fines are deposited upon
the surfaces of the cracking catalysts during the test runs. One test
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(Table III, Run No. 021) of the USY catalyst that has over 1% iron from
repeated LaPorte wax cracking runs also has high coke and hydrogen yields
with the Sasol wax feedstock. This sample was used in the selective
attrition experiments reported in the January, 1993, Monchly Technical
Status Report. The HZSM-5 catalyst, CCC-1891, has a lower coke yield but
similar hydrogen yield compared to the other two catalysts for the LaPorte
wax tests. The intermediate pore structure of the HZSM-5 caralyst
apparently inhibits coke formation even in the presence of the active
dehydrogenation catalyst, iron F-T fines. Figures 12-15 show several
light gas and gasoline selectivity plots for the two wax feedstocks and
the three catalysts. The major differences in product selectivities are
from catalyst differences rather than feedstock differences. The HZSM-5
produces the highest yields of propylene, regardless of feed. The HZSM-5
and the Beta zeolite catalysts have higher yields of isobutylene than the
USY catalyst with both wax feedstocks. The higher light gas yields for
the HZSM-5 and Beta catalysts occur at the expense of the naphtha

(Figure 15) and distillate (Figure 16) yields. The 650 °*F+ liquid yields
(Figures 17, 18) do not vary significantly with wax feedstock or catalyst.
The research octane quality of the naphtha products from the LaPorte wax
feedstock are 1-2 octane numbers higher than the naphtha products from the
Sasol wax, (Figure 19). This may be another effect of the dehydrogenation
activity of the iron F-T catalyst fines. The higher octane numbers are
the result of higher olefin contents (Table II1) for the LaPorte naphtha
products.

The yields of the major catalytic cracking products, light olefins,
naphtha and distillate do not vary significantly with the two wax
feedstocks. The type of FCC catalyst has a major impaet upon product
vields and quality. However, the presence of the iron F-T fines in the
LaPorte wax increases the coke and hydrogen gas yields. In addition,
small increases occur in the octane quality of the naphtha products from
the LaPorte wax feedstock.

TASK 5. Preparation of Ethers.
Activities under Task 5 of the contract continue.

The methanol etherification of a light naphtha product (200°F- fraction)
from the pilot plant Fischer-Tropsch wax catalytic cracking runs yields a
mixed ether product. This ether product consists of TAME, (tertiary amyl
methyl ether) and the three C¢ ethers, THME, (tertiary hexyl methyl
ethers), which are 2-methyl-2-methoxypentane, 2,3-dimethyl-2-methoxybutane
and 3-methyl-3-methoxypentane.

Two new light naphtha samples are available from the atmospheric
distillation (ASTM Method D-2892) of pilot plant liquid products. Table IV
shows the composition of these new naphtha, along with the previous
sample, discussed in the December, 1992 Monthly Status Report. The iso-
olefin contents of these samples, feeds "B" and "C", are higher than the
previous light naphtha sample, feed "A". This is due to the use of high
olefin selective FCC catalysts, Beta and HZSM-5, in the pilot plant runs,
Nos. 940-01,02 and 941-01. The same Y zeolite catalyst was used in the
runs for feed "A" and "C". The high iso-olefin content of feed "C":
results from the lower conversion level. Tables V and VI present the
results of the etherification runs with these two light naphtha. In these
runs, both Amberlyst 15 and another commercial etherification catalyst,
Bayer's K2634 are under study. The Bayer catalyst contains a noble metal
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in addition to the strong acid functionality. The moble metal is
available for olefin isomerization and diolefin saturation, in the
presence of hydrogen. The nominal reaction conditions from the previous .
set of runs, 200 psig, 2.9 grams of catalyst, methanol 1.37 g/hr, naphtha,
5.5 g/hr are the same except that only one reaction temperature, 150°F, is
available. There is again some scatter in the methanol analysis results.
This may be due to some separation of alcohol and hydrocarbon product
phases. Table VI1 summarizes the iso-olefin conversion values for the two
catalysts and feedstocks. The results are similar for both catalysts and
the three feedstocks, in the absence of hydrogen gas in the reactor. As
Table VIII shows, the calculated research octane values for the products
of these etherification runs are 2-4 numbers higher than the starting
light naphtha feedstocks. As expected, this octane increase depends to
some extent upon the concentrations of the ethers in the product. Several
of these etherification products will be submitted for blending octane
measurements. This will verify the calculated research octane values
shown in Table VIII.:When hydrogen gas is present, run No. 034-1, Table
VII, there is a major loss of iso-olefin conversion. These reaction
conditions result in the hydrogenation of both reactive iso-olefins and
linear olefins. This is an undesirable result since both the production
of ethers and the octane number of the product decreases significantly.
Table VIII illustrates this point with comparisons of feeds and
etherification products from several of the runs. The run with added
hydrogen gas, 034-1, has a lower research octane rating (79.5) than the
feedstock (84.6) or the run with no added hydrogen, 034-3, (85.8). This
octane loss is due to the conversion of high octane value olefins to low
octane value paraffins. There is a significant improvement in the color
of the etherification products in the presence of hydrogen gas. Further
experiments would be required to clarify the particular experimental
conditions for hydrogen gas addition to the etherification reactor.

These etherification runs clearly demonstrate that the light naphtha
fractions from the catalytic cracking of Fischer-Tropsch wax are excellent
ether synthesis feedstocks. The measurements of blending octane values
for the etherification products will conclude this portion of the
contract.

TASK 7. Scoping Economic Evaluation.
Activities under Task 7 of the contract continue.

The results of eight pilot plant tests performed under Task 4 have been
previously reported (Reports #10, 13, and 23, which are, respectively, the
First, Second, and Third Quarterly Status Reports Fiscal Year, 1992).

Runs 939-1, -2, and -4 used Equilibrium USY catalyst; Run 939-5 used
steamed Equilibrium USY; Runs 940-1 and -2 used steamed Beta; Run 941-1
used a2 mixture of 75% steamed Equilibrium USY with 25% steamed HZSM-5; and
Run 942-2 used 50% Equilibrium USY with 50% diluent. Table IX shows the
catalyst-to-oil ratios and reactor temperatures used and the conversions
obtained in these pilot plant runs.

Tables X-XVII show the results of economic analysis of each of eight
above-mentioned pilot plant runs, respectively. The rate basis for.all
the analyses was 283,687 1lb/hr. Net product values (which accounts for the
external energy required to maintain heat balance) were calculated for
both simple (no ether unit) and complex (contains ether unit) refinery
configurations. Table XVIII summarizes the net product values for simple
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and complex refineries, and the difference between the two, for all the
Pilot plant runs. The net product values ($/d) for a simple refinery
ranged from about $555,500 for Run 941-1 to about $384,500 for Run 940-2.-.
The net product values ($/d) for a complex refinery ranged from about
$605,600 for Run 939-4 to about $653,300 for Run 940-2. The delta in net
product values for the complex and simple refineries was greatest (about
$74,900/d) for run that used HZSM-5 cartalyst (941-1); the delta for the
runs with Beta catalyst was about $67,000-69,000/d; and the delta for the
runs using only USY catalyst were about $43,000-55,000/d.

CONCLUSIONS

Task 1 of the contract, the Project Management Plan, and Task 2, Feedstock
Characterization are essentially complete. Additionally, wax that is
contaminated with about 2.5% iron F-T catalyst, from the LPFT plant at
LaPorte, Texas was also characterized and used this Quarter.

Catalytic cracking screening tests of the LaPorte wax feedstock under
Task 3 (small scale) showed that it was potentially feasible to use wax
that is contaminated with F-T catalyst fines as feedstock in the FCC
process. Experiments comparing the Sasol and LaPorte wax feedstocks with
USY, Beta and HZSM-5 catalysts showed that the type of FCC catalyst has a
major impact upon product yields and quality. For a given catalyst, both
feedstocks have similar conversion values and yields of the major
catalytic cracking products, light olefins, naphtha and distillate.
However, the presence of the iron F-T fines in the LaPorte wax increases
the coke and hydrogen gas yields. 1In addition, small increases occur in
the octane qualicty of the naphtha products from the LaPorte wax feedstock.

There was no activity under Task 4, Pilot Plant Tests, during this

Quarter.

Work under Task 5, Preparation of Cs-Cg; Ethers, continued. This Guarter,
methanol etherification runs were completed on two additional pilot plant
light naphthas using two commercial etherification catalysts, one of which
contains a noble metal, in addition to the strong acid functionality. The
methanol etherification yields a mixed ether product. Isocolefin
conversion values were similar for the two catalysts and three feedstecks
in the absence of H,. With H, present, product color is improved; but
overall the presence of H, is not desirable because olefins are saturated,
which results in decreased production of ethers and decreased product
octane number.

Work under Task 7, Scoping Economic Evaluation of the Proposed Processes,
continued. Economic analysis of the eight pilot plant runs that were
performed under Task 4 showed that the net product values ($/d4) for a
complex refinery (contains ether unit) were always higher than for a
simple refinery (no ether unit). The delta in net product values for the
complex and simple refineries was greatest (about $74,900/d) for run that
used HZSM-5 catalyst (941-1); the delta for the runs using only USY
catalyst were about $43,000-55,000/4.
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QUARTERLY MANPOWER REPORT

For SECOND QUARTER FISCAL YEAR, 1993
(January 1, 1993 - March 31, 1993)

TITLE: THE SELECTIVE CATALYTIC CRACKING OF FISCHER-TROPSCH LIQUIDS
TO HIGH VALUE TRANSPORTATION FUELS

IDENTIFICATION NUMBER: DE-AC22-91PCS0057

START DATE: June 1, 1991
COMPLETION DATE: May 31, 1993

PARTICIPANT NAME AND ADDRESS:
AMOCO OIL COMPANY

P. 0. BOX 3011
NAPERVILLE, ILLINOIS 60566

Manpower In Hours by Task

Name 1 2 3 4 5 6 7 Total
W. J. Reagan 0 0 32 169 240 O 0] 287
D. M. Washecheck 0 0 0 0 0 0 0 0
M. M. Schwartz

R. D. Hughes 0 0 2 S 13 0 0 20
Other Professionals 0 0 0 0 0 0 0 0
Technical Support 0 0 53 227 282 O 0 562
Secretarial 0 0 6 14 0 0 0 28
Total Hours 0 0 93 415 535 0 0 1063
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TABLE 1
CHEMIC SES_OF ORTE S -TROPSCH WAX
Sample ID 15586-012
Chemical Composition (ppm) of Ash: Si - 1,710 Sio; - 3,659
K- 1,350 K0 - 1,626
Fe = 13,900 Fe,0, = 17,882
Cu=-= 1,150 Cul0 = 1.439
18,110 24,606
Centrifuge eriment to Separate Solids
Chemical Composition (ppm)
Jop: Si 540 Bottom: Si 1200
K 430 K 820
Fe 2620 Fe 6900
Cu __91 Cu 570
3681 9490

MMS/1kv/93411
7/26/93
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TABLE II

S CTIVE

oN

ERI S

(ppm)

si

Fe

Cu

F-T catalyst fines
deposition, chemical
analyses of samples
(from La Porte wax)

1. Base Catalyst
CCC-1397

2. Treated Catalyst:
5.0 g catalyst,
10 g 1La Porte wax
in l-g segments
I.D. No. 9363005
(15586-030-2F)

226000

225000

121

266

4200

10500

26

610

258000

231000

B.

Selective Attrition
Experiments

1. Concrol

a. Starting sample
CcCcc-1397

b. After attrition
(15586-030-1B)

c. Finpes
(15586-030-1F)

2. F-T catalyst
conctaminator
sample 9363005

a. Starting

sample
(15586-030-2P)

b. After
attrition
(15586-030-2B)

c. Fines
(15586-030--2F)

226000

200000

252000

225000

212000

219000

121

108

204

266

159

125

4200

4100

10500

6200

29600

26

21

14

610

289

2020

258000

254000

235000

231000

267000

213000
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TABLE IV

;
/

EXOROCARBON COMPOSTTION OF 200°P- NAPETEAS

Yaed ID:

Pilot Plact Run Noa.

92-0490-C1A
Feed A*

939-01, + 02
aq. USY catalyst

conversion = 93.61

-QS—OOZA-QM
Yaed 3

940-01, 02

941-01

Beta/E2SM~5 ecazalyst
Cozveczsions = 90,961

93-0024-01C
Yeed C

939-Ca
eq. USY catalyst
cooversion = 832

Total Paraffins wtl &.6%9 8.44 4.32
G .18 .37 0.16
(-3 Q.93 1.04 0.72
(=9 4.03 &.50 2.33
< 1.45 1.67 1.02
[~ Q.08 0.69 0.06
c, - 0.13 -

Total Iso-paraffins wtl &2.72 17.64 22.88
Ce 0.32 0.56 0.28
c, 3.77 2.03 2.19
Ce 22.9a 6.22 10.55
[ = 13.87 6.12 8.86
G 1.82 2.16 0.99
c - 0.4 -

Tozal Azomatics wtl 1.74 2.62 0.33
[ 0.34 -] 0
[ 1.34 1.03 0.35
S 0.05 1.38 -}

c, -— c.22 -

Tozal Baphthanes wrl 3.96 5.55 3.16
G 0.05 0.06 0.05
(-5 1.23 0.92 0.71
c, 1.92 1.71 1.63
[~ .75 l.82 0.80
S -— 1.03 -—

Total Olefins wrl 44,51 64.47 68.65
(2 0.0 0.11 0.0s
Ce . 1.25 3.72 1.82
(-4 a.701 12.10 12.03
Ce 23.88 29._S4 33.79
(-4 10.36 15.65 19.93
- 6.3l 3.31 1.02

Reactive isc—olefins wtl
G's
2-mathyl-l-butens 1.28 2.13 1.76
2-methyl-2-butens 4.26 5.67 5.64
Qs
2,3-~dimachylbutens 0.2 .73 0.97
2-mathyl-l-pentena 2.35 2.45 3.02
2-sethyl-2-pentens 4_01 5.27 5.46
3-methyl-trans-2-pentens 2.49 3.13 3.29 K
3-methyl-vis-2~-pantens 3.98 5.48 5.35

*This light paphtha was used in ths initial etherification Tuns
reported in the Deceaber 1992 Monchly Report.
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TABLE V

AD-109 ETETRCTFICATION RURS
200 PSIC, METHANOL 1.37 G/HR, 200°F- NAPECEA 5.5 G/ER

NAPETHEA ID = 93-0024-01A -
Product, Wz
Ca-5
OleZins:
Isobuzylene
LCobm 1.036047 0.40S c.385 G.441 0.367 0.3%7% C.468
AMIATTENE 0.225081 0.1%2 6.267 0.203 0.261 0.149 6.143
2 BCTENE 1.81245 . 0.141 0.199 0.133 8.215 0.315 0.414
22BCTERE 4.778967 1.464 2.016 1.358 1.906 1.581 L] 2.732
C5 OLIFINS
IMCPENTENE 0.689574 c.66 0.767 c.6 0.748 C.423 0.429
230MRTTENE 0.622862 0.512 0 0.038 c.0u8 c.03 ' C.083
AMZ2PENTENE 0.3034.8 0.293 0.368 0.28% 0.363 c.221 0.262
LMeZDPENRTENE 1.042308 0.995 2.159 0.922 1.136 | o.69 0.929
2CPENCESE 2.0999232 C.276 0.329 0.239 0.333 0.424 c.583
FECESES 0.649953 0.622 0.696 0.544 c.68 0.368 c.387
<EEXENE] 1.620246 1.552 1.718 1.338 1.695 1.011 1.2%98
eHEXENE3 2.693924 2.569 2.633 2.088 2.6C2 1.594 2.207
2LPENTENE b.Ll0082 1.81 2.08 1.497 2.008 1.48 2.478
TEEXENE2 0.06744 0.114% Q 0.067 8.067 0.07 0.071
IMz2PENTENE 2.640276 1.542 1.8%3 1.398 1.851 1.208 1.957
cHEXENE2 1.422142 1.359 1.482 1.16% 1.468 C.863 1.04
3Mc2PENTENE 4.621326 2.969 3.378 2.436 3.289 2.127 3.521
CQXYCERATES :
MEOH 15.7 25.3 17.148 39.317 17.386 49.195 22.138
MIBE 0 1.333 2.031 1.459 1.991 0.927 1.833
TAME o 6.17 6.328 &.432 6.328 2.853 4.654
T [ 1.1272 0.67 0.466 0.677 0.386 .52
TBE2 -] 5.533 4.369 2.866 4.397 2.45 3.542
=E3 o 4.142 3.003 2.148 3.113 1.782 2.376
NOR-REACTIVE
COMPOUNDS :
nHEXANE 3.796872 3.2s 3.558 2.883 3.485 2.48 4.633
TOLUENE 0.863761 c.851 C.746 0.499 0.739 0.462 0.714
2MPEXTANE 3.153663 i.2n 3.7%6 2.867 3.528 2.228 3.7
AMPENTANE 1.608444 1.746 1.972 1.453 1.7% 1.222 1.878
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TABLE VI

AD-109 ETHERITICATICON RUNS
200 PSIG, METEASOL 1.37 G/HR, 200°F- EAPETHA 5.5 C/ER
FAPETIA ID = 93-0024-01C

1Ch= 0.427401 0.3 0.206 0.435 0.3
NCBTTERE 0.13174 0.019 0.008 0.211 6.159
2CBTIERE 1.4833686 0.348 0.302 0.213 0.151
20Q3TERE 4.752834 3.0935 2.778 2.094 1.595
C6 CLETINS:

ACPENTERE 1.022442 0.073 0.032 0.709 1.012
23CMBTTENE 0.820239 0.115 0.115 0.113 ¢.115
&MT2PENTENE 0.418571 0.245 0.123 0.458 0.46
LMc2PENTENE 1.353858 0.751 0.6351 1.481 1.404
2CPENTENE 2.54386 Q.34 0.548 €.351 0.318
EEXENED 0.96943 0.087 0.048 0.407 0.957
THEXENES 2.128573 0.892 0.786 2.009 2.167
<HDCENE3 3.339966 1.83% 1.692 3.589 3.43
DRPESTINE 4.606152 3.087 3.219 2.281 2.187
tEEXENE2 0.06%4a 0.067 [} 0.067 0.067
IM=2PENTENE 2.774313 2.185 2.215 1.868 1.834
cEEXENE2 1.797276 0.388 0.318 1.609% 1.817
AMc2PENTENE 4.509207 4.125 4.237 3.399 3.29
QXICENATES :

MEOE 15.7 13.88 11.402 3. 721 10.7
MJBE 0 1.218 1.117 3.082 1.049
TAME - 4.335 4.854 3.838 6.819
TBME1 (-] .49 0.597 0.67% 0.893
TEME2 [} 3.876 4.932 5.012 6.114
TBE3 0 2.087 2.589 3.366 4.166
BON-REACTIVE COMPOUNDS:

aEEXANE 1.978521 2.3n2 7.847 2.943 2.131,
TOLUERE 0.292521 0.375 0.333 0.269 0.325
2MPIZANE 4.317637 3.961 6.157 5.233 A.731
IMPETARE 3.250808 3.691 2.973 3.5 3.316




TABLE VII

Tabdble IT and IZI Rum Conditlions

2-mezhyl-l-butene
2-meathyl-2-butene

C6's

2,3, dimethyl-l-butenas
2-methy.~-l-pantens
2-mathyl~-2-pentane
3-mathyl-Cls-2-pentenes
3-pethyl-trans-2-pentene

85.9
63.3

Bl.s
87.5
48.6
38.6
2%9.8

$0.2 87.1 77.2 78.1 7.

62.2 66.2 42.9 38.2 6.2
83.3 84.1 72.2 78.6 86.9
6.1 62.7 ob.2 3.9 31.5
31.0 A3.4 23.8 7.3 23.3
32.2 43.7 23.9 20.7 3.3

*These runs vers Teported Lo the Deceader 1592 Menthly Repor:

MMS/1kv/93411
7/26/92
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TABLE IX

’
—

PIIOT PIANT FCC RUN DATA SUMMARY

Run

Catalyst Catalysc- Reactor Conversion,
Number to-0il Fatio | Temperature, °*F Z
939-1 Eq. USY 5.2 944 93.5
939-2 Eq. USY 4.1 932 93.7
939-4 Eq. USY 2.3 882 83
939-5 Stmd. Eq. USY 2.3 879 85
940-1 Stmd. Beta 5.1 934 6.6
940-2 Stmd. Beta 3.4 910 96.5
941-1 75Z Stmd Eq. USY; 2.8 965 89
252 Stmd H-ZSMS
942-2 50X Eq. USY; 1.6 937 90

50X Diluent
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TABLE XVIII

RY OF ODUCT VALUES FOR P

FCC 1

Net Product Value, $/d

Run Catalyst Simple Complex A(Complex-Simple)
Number Refinery | Refinery

939-1 Eq. USY 568,269 612,646 44,377
§39-2 Eg. USY 572,805 622,337 49,532
939-4 Eq. USY 562,181 605,612 43,431
939-5 Stmd. Eq. USY 570,631 625,664 55,033
940-1 Stmd. Beta 578,548 646,035 67,487
940-2 Stmd. Beta 584,479 653,299 68,820
941-1 75%Z Stmd. Eq. USY,; §55,461 630,327 74,866

252 Swmd. HZSM-5
942-2 S0Z Egq. USY; 571,338 616,859 45,501

50% Diluent




=37~

" ¢ —i—
CHXYM LEXVM XYM
9ll0de] 8Hode] TOSVS

00} 08 09 )7 0¢

‘SHO01Sa334 XYM FLH0dVT ANV 10SVS
NOILVYTTILSIA A3LVINWIS 3dNLYHIdWEL HOIH

| JHNOId




-38-

0

0

|

¢ il

XVM  XVM
- 1OSVS 8H0deT]

d39WNN NOGHVO

IN3OH3d LHOIIM
SMO0LSA134 XYM 3H0de] ANV 0SS
NOILNGIYLSIA NI44vdvd TYIWHON

¢ 3HNOid



~-

-39-

FICRE 32

S PEOTOGRATH
BASE CaTal¥ST - CCC-1297
EQUILIBRITM FCC CATAIYST
IRON CONTENT = 4200 PPM
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FIGURES 4 aND 5

STM PHOTOGRAPHS
F-T Catalyst Fines Contaminated FCC Catalyst
Before Selective Attriticn Experiment
ID No. 15586-030-2P
Iron Content = 10500 ppm

|
BN 2293 15KV 81,280 1arm wpez (B
/-csc—zfo , A_g
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FIGURES 7 2D §

SEM PHEOTOGRAPES

Finss from Selective Actritiorn Experiment

ID No. 15586-030-2F
Iroz Cont-t = 25600 ppm
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