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DISCLAIMER 

T h i s  r e p o r t  i s  an a c c o u n t  o f  work s p o n s o r e d  by r.he U n i t e d  S t a t e s  
Government. N e i t h e r  ~he U n i t e d  S t a t e s  n o r  any  agency ~ h e r e o f ,  no r  a n y  o f  
r~heir employees, m~kes any waxrant~j, expressed or implied, or assumes ax~y 
legal liability or responsibility for ~he accm:acy, completeness, or 
usefulness of any irLformacion, apparatus, product, or process disclosed, 
o r  r e p r e s e n t s  t h a t  i t s  u se  would  n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  
Reference herein to any specific commercial product, process or service by 
trade name, mark, manufact~rer, or o~herwise, does not necessarily 
constinute or imply its endorsement, recommendation, or favor£ng b y  r~he 
United States Government or any agency thereof. The views and opinions of 
the aur.hors expressed herein do not necessarily state or reflect rahose o f  
the United S~aues Govertm~ent or any agency thereof. 
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EXECUTIVE SUMMARY 

Amoco Oil Company, under a contract with the United S~ates Departlnen~ of 
Energy, is investigating a selective catalytic cracking process to convert 
the Fischer-Tropsch gasoline and wax fractions to high vaiue 
~ransportation fuels. This report describes the work in the second 
quarter, fiscal year 1992, the third quarter of the two-year project. 

Task 1, Project Managemen~ Plan. The plan has been accepted by the 
Project Manager DOE/PETC. This repor~ 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 complete. The wax feedstock for this program, a commercial 
sample of Fischer-Tropsch product from Sasol, is a high meltin8 point 
(>220"F), high boiling range (50% boiling above 1000°F), largely 
paraffinic material. The limited solubility of the wax in hydrocarbon 
solvents will require some equipment modifications and testing program 
changes. The new test equipment has been installed for the small scale 
test equipment and is now operational. 

Task 3, Catalytic Cracking Catalyst Screening Program. The wax feedstock 
readily converts over conven~£onal fluid catalytic cracking (FCC) 
catalysts (85%+ conversion) to high yields of Ca- gas (high in propylene 
and C4 olefins) and gasoline (C5-430"F). The work in this area focuses on 
the effects of process variables and catalyst types. The reaction 
temperature has only a small effect upon wax conversion in =he range of 
8B0-970"F. Larger variations in conversion occur with changes in the 
catalyst to oil weight ratio. Three different types of zeolite catalysts 
and one amorphous cracking catalyst show wide variations of product yields 
as a function of wax feedstock conversion. The beta and HZSM-5 zeolite 
catalysts have higher target light olefin (isoburylene and isoamylenes) 
yields than the Y zeolite sample. The HZSM-5 sample also produces the 
highest yields of propylene. The lishc olefin yields increase at the 
expense of C5-430"F gasoline production. Although the amorphous catalyst 
is less active than the zeolite samples, its light olefin yields are 
similar to the beta zeolite sample. 

Task ~, Pilot Plant Tests. Some initial wax cracking tests on the pilot 
plant unit continue. This represents a small change in the original 
axpe" _mental plan. These test results also show high conversion (85%+) of 
the wax feedstock to lish~ gases and gasoline. The ranking of the three 
zeolite catalyst types for C4-C 5 iso-olefin production is similar to the 
findings of the small scale screening test program. It is not possible =o 
ob~aln test results at a variety of conversion levels on the pilot plant 
due to operating constraints. 

The catalytic cracking test results from both the small scale test unit 
and the pilot plant indicate that the wax feedstock readily converts to 
C&- gas and gasoline. These tests suggest that very mild process 
conditions and low activity catalysts are needed to lower the overall w~ux 
conversion. The target light olefin yields vary with catalyst type and 
the process conditions. 
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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 normal paraffins (Cs-C~e) and 
a small quanti~y of oxygenates and olefins. The gasoline range C5-C ~ 
product fraction consists of linear paraffins and olefins of low ocr~mne 
number. The distillate fraction, CI2-CIa , is an excellent quali~y fuel. 
The largest product fraction, C~8+ , ks 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 created by convennional 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 3- 
C s olefins as feedstocks for the synthesis of gasoline range ethers and 
alcohols. This is the primary focus of this project. 

Fuel oxygenates, particularly alcohols and ethers, represent a potential 
solution to environmental concerns due to conventional automotive fuels. 
Governmental reEularlons , most recently in the Clean Air Act Amendments of 
November 1990, have resulted in r.he phase-out of lead additives, lowering 
of r_he Reid vapor pressure of gasoline, and, in some geographical areas, 
the mandated use of oxygenates. Recent s~udies of methyl tertiary bu~-yl 
ether (MTBE) and tertiary amyl methyl ether (TAME) suggest r/~at these 
compounds may reduce automotive carbon monoxide emissions, have high 
blending gasoline octane ratings, R+M/2 (MI3E-108, TAME-102), and ha~e low 
Reid vapor pressure. These ethers are produced commercially by the 
etherification of r_he appropriate olefin by methanol (KI3E, isohurylene; 
TAME, isoamylenes). These oleflns are derived from conventional petroleum 
processes such as catalytic cracking or steam/thermal reforming. 

T h e r e  i s  a t r o w i n g  n e e d  f o r  a l t e r n a t i v e  s o u r c e s  o f  o l e f i n s  f o r  e t h e r s  and  
a l c o h o l s  s y n t h e s e s  a s  demand f o r  t h e s e  m a t e r i a l s  e s c a l a t e s  b e y o n d  r.he 
c a p a c i t y  o f  c o n v e n t i o n a l  p e t r o l e u m  p r o c e s s e s .  T h i s  p r o j e c t  a d d r e s s e s  ~ h i s  
r e q u i r e m e n t  f o r  a n  a l t e r n a t i v e  o l e f i n  f e e d s t o c k  f o r  o x y E e n a t e  s y n ~ h e s i s .  

PROGRAM OBJECTIVES 

The o b j e c t i v e  o f  t h i s  p r o g r a m  i s  uo p r e p a r e  h i E h - v a l u e  t r a n s p o r t a t i o n  
fuels, including gasoline, distillate, and gasoline range ethers and 
alcohols from non-petroleum resources. A selective catalytic cracking 
process of Fischer-Tropsch liquids is proposed. The C,-C a product olefins 
would then be etherified with mer_hanol to prepare the target ethers. 
Alcohols will be produced by direct hydration of ~-C a product olefins. 
The gasoline and distillate products are also expected to be superior to 
conventional fuels because of the unique combination catalys~s to be used 
in this process. 
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PROJECT DESCRIPTION 

A t~o year, multi-task program will be used to accomplish the objective to 
develop a selective catalytic cracking process uo produce premium 
transportation fuels, including ethers and alcohols from Fischer-Tropsch 
8asoline and wax products. 

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

Task 2.--Preparation of Feedstocks and Equipment Calibration. Suitable 
mixtures of Fischer-Tropsch waxes (Cze+) and ligh~ olefin components (C 5- 
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 Ca-C a olefins and e~hers and 
other paraffin, aromatic, and naph~hene gasoline ranEe components. 

Task 3.--Catalytic Cracking Catalys~ Screening Program. Various zeolite 
catalysts and process variables will be studied with small scale nest 
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 liEht 
olefin, gasoline, and distillate producr.s will be produced in sufficien~ 
quantities for complete characterization. 

Task 5.--Preparation of Cs-C a Ethers and C3-C s Alcohols. These products 
will be prepared from the pilot plant C3-C s 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 produc~s will 
also he evaluated. 

Task 7 .--Scoping Economic Evaluation of nhe Proposed Processes. An 
economic analysis of the proposed process will be compared with 
conventional petroleum processes and e~her and alcohol synthesis routes. 

The DOE reportin E requirements for t/~is contract will be followed in all 
cases. This includes all project statnzs, milestone schedule, and cosn 
management reports. A final detailed project report will be submitted 
upon completion of r_he contract. 

RESULTS AND DISCUSSION 

During this quarter, projec~ activities center on Tasks 3 and 4 of r.he 
contract. 

TASK I. Project Management Plan. 

The draft Project ManaEement Plan has been accepted by the Program Manager 
at DOE/PETC. This completes Task 1 of the contract. This documenn 
contains the most current and accurate information and projections of the 
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scope of work, schedules, milestones, staffing/manpower plan, and costs. 
This plan contains the following sections: 

-- Management Plan 
Technical Plan 

-- Milestone Schedule/ManDower Plan 
-- Cost Plan 
-- Notice of Energy RD/~DProjec~ 

The technical approach builds from small scale tests of the selective 
cracking concept to pilot plant scale verificauion of product yields. The 
screening cast resul~s 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. 

The wax £ e e d s t o c k  h a s  b e e n  a n a l y z e d  b y  v a r i o u s  a n a l y t i c a l  m e t h o d s .  The 
boiling point and the carbon number dlstribu~ions of the largely 
paraffiD/c material are consistent with literat~ure reports of similar 
Fischer-Tropsch samples. No further work in this area is planned. 

T3~SK 3. Screening Catalytic Cracking Tests. 

A c t i v i t i e s  u n d e r  T a s k  3 o f  r.he c o n t r a c t  c o n t i n u e  on  t h e  s m a l l  s c a l e  v~.s t  
unit, the HYU (micro yields unit). The primary feedstock for this pro~am 
is a commercial Fischer-Tropsch wax product from Sasol, Limited. The 
initial choice of fluid catalytic cracking (FCC) catalyst and process 
conditions focuses on comparisons with conventional gas oil, the usual 
feedstock uo commercial FCC units. At ~hese condlulons (970"F reaction 
temperature, 3 catalyst ~o oil weight ratio), the wax feedstock readily 
converts (85%+ conversion) co high yields of C,- gas (high in propylene 
and C, olefins) and gasoline (Cs-430"F). In order to optimize 
desirable olefin product (isobutylene and isoamylenes) yields, a lower 
overall conversion of r_he wax is desirable. The reaction severity is a 
function of ca~alys~ activity, a measure of the active sites or zeolite 
concentration and process conditions, such as r~mperarure, catalyst to oll 
weight ratio, and space velocity. The simplest variable to chan6e in the 

~esu is ~he reaction temperature. Two FCC car~lysr-s with similar 
oil cracking activities, a Y fauJasite zeolite sample and a he~a zeolite 
sample, were evaluated in a series of variable temperacure MYU runs. Bo~h 
caualysr_s show conversions of the wax feedstock (to C,-gas, gasoline, and 
coke) greater than 85%, even at the lowes~ reaction temperature of 880"F. 
The zeolite beta sample has a higher wax conversion level (-92%) r/tan the 
zeolite Y sample (-88%). Figure i shows ~hau the wax conversio,-~ of these 
two catalysts vary little wir_h temperature. The beta zeolite catalyst 
produces more propylene, isobut~lene, and slightly less isoamylenes r/um 
the Y zeolite catalyst, Figures 2 and 3. The higher production of light 
olefins for the beta sample occurs at ~he expense of gasoline yield, 
Figure 4. The gasoline yield of the beta catalyst is beEween 5 and 10% 
lower than the Y zeolite sample. The yields of the desired produc~s, 
isobutylene and isoamylenes, are in the range of 6-8 w~%. The catalytic 
cracking of normal gas oil feedstocks generally yield abouE 2-4 w~% of 
these desirable olefins. It is likely that heavy aromatic molecules and 
catalyst poisons, such as aromatic nitrogen compounds, in the normal gas 
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oil feecL~ocks limit the  a,~oun= of conversion by normal FCC catalysts. 
The w~x feedstock does no~ contain these types of molecules, and the 
overall conversion and olefin yields for the w&x are siEnificancly higher 
than for gas oil feedstocks. 

The comparison of product yields between catalyst is usually done at the 
same conversion level. These nest resul~s are for qualitative comparisons 
on!y since there are differences in the wax conversion levels of the t~o 
cacalys~s. 

The nex~ major process variable under s~udy is the catalyst t o  oil weight 
ra~io. This variable is conveniently changed by diluting the starting 
catalyst with an iner~ ma~eriai. The tonal catalyst bed volume and weight 
in the reactor remains constant so r_hat heat and mass transfer effects can 
be minimized between different catalyst blends. The initial choice "of an 
"inert" diluent focuses on a low surface area, clay-based microsphere 
obtained from a catalyst manufacturer. This diluent was nested for wax 
cracking at two reaction temperatures, 880 and 970"F. Table I shows tha~ 
~his material has a low wax conversion level of less than 20%. However, 
conversion is usually defined as the sum of products of C~- gas, gasoline 
(C5-430"F), and coke. A somewhat different pict~lre emerges when r.he 
boiling point distributions of the total liquid product of the two 
catalytic cracking runs with the diluent material are compared with ~he 
feed, Figures S and 6. A large fraction of the heavier feed components, 
boiling greater than 1000"F, is conver~ed ~o 1000"F- products, including a 
sismificant amoun~ of distillate (430-650°F). The 970"F reaction 
temperature liquid product has a higher portion of the lower boiling 
producr~ than the 880°F product. The term "inert" diluen~ mus~ be used 
cautiously. 

Three FCC catalysts, containing zeolite Y, zeolite beta, and zeolite 
HZSM-5, were tested for wax conversion and selectivity as a series of 
blends (50%, 25%, 12.5%, 6.25%) with this diluent. The wax conversion 
levels for r/le three catalysts do decrease with amoun~ of diluent, 
Table II and Figure 7. Most of ~hese tests are at a single reaction 
temperature of 880"F. The HZSH-5 zeolite catalyst is ~he most active 
catalyst for wax conversion nested to date. At the dilution level of 1:15 
(6.25% zeolite catalyst), the HZSM-5 sample has wax conversion levels of 
over 80%, while the Y and beta samples have wax conversions between 60 and 
70%. At a dilution level of 1:31 (3.1% zeolite), the HZSM-5 zeolite has a 
wax conversion of 65%. The beta sample has a higher wax conversion level 
than the Y zeolite catalyst. There is some scatter in the conversion 
levels of replicate runs, especially at the high dilution (6.25% catalyst) 
of the Y and beta samples. This effect is not understood at this time. 
There may be feed bypass with the low catalyst levels or some other 
physical test problem. 

These tests present a wide range of wax conversion values for the three 
catalys~s. The product selectivity features among the tested catalysts 
are compared in Figures 8-13. The HZSM-5 zeolite has the highes~ yields 
of the desirable isoamylenes (Figure 8) and isoburylene (FiEure 9). 
However, the HZSM-5 catalyst also produces high yields of propylene and 
total C3+C ~ gas (Figure i0 and Ii) and lower Cb-A30°F (Figure 12) gasoline 
than the other two catalysts. The beta zeolite is superior uo the Y 
zeolite sample for olefin production in agreemen~ with the temperature 
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survey test results presented above. The yields of the llght olefln 
products appear co maximize for the Y and berm catalysts at a conversion 
level in the 80-85% range. This does not occur for the HZSM-5 sample 
where high C4- gas levels and low gasoline production occurs at the low 
conversion levels of 65% (Figure 12). This information is i~poz-tant for 
the economic evaluation of the proposed wax catalytic crackin& process. 
The coke yields for these three catalysts are a function of conversion 
(Figure 13) and the dilution level (FiEure 14). At the higher conversion 
levels, the HZSM-5 catalyst produces the lowest coke yields. However, at 
low conversion levels, the coke differences between the ca~alys~s are 
small. 

Table III presents the detailed product disrribuulons for the three 
catalysts at a similar conversion level of about 83%. The trads-offs of 
light olefin and gasoline yields are apparent. The detailed C4 aund C s 
isomer distributions in the liquid products from these three tests are 
compared in FiEures 15 and 16. The yields of  r/~e isobut~lene and 
isoamylenes olefins for the HZSM-5 and beta zeolite catalysts are close to 
equilibrium values. In add/~ion, the HZSM-5 sample has low yields of 
isobutane and isopentane compared with the other zeolite samples. This 
may reflect the smaller pore structure of the HZSM-5 zeolite. The 
detailed carbon number distributions of the paraffin, isoparaffin, 
aromatics, naphthene, and olefin gasoline fractions of ~ae three canalys~s 
tests are shown in Fi&,are 17. The concentrations of these components 
contribute to the octane qualities of the gasolines (Table ITI). The 
overall higher olefin content of the gasolines from r/,e beta and HZ~M-5 
samples compared with the Y zeolite gasoline are similar ro ~he rank~ 
for the C 4 and C 5 clef in products. Small differences exist in ~he 
calculated octane numbers of the gasoline products from the three 
catalyst.s, Figures 18 and 19, across ~he wax conversion range studied in 
these tests. 

These product yields differences will form the basis for a fu~are economic 
evaluation of these catalyst options. The adcticlon of low levels of The 
HZSM-5 catalyst with anor~her zeolite catalyst is a strong candidate to 
maximize the yields of light olefins but maintain a reasonable gasoline 
yield. This is one of the current commercial uses for the HZSM-5 catalyst 
in FCC units. 

Amorphous, non-zeolitic acidic catalysts are another catalyst option for 
wax cracking. These materials are no longer used in conm~rcial units due 
to their lower activity than zeolite-based FCC ca~alys~s. However, our 
tests show that the Fischer-Tropsch wax cracking occurs readily and low 
activity catalysts may not be a disadvannage. One example of this type of 
material is the matrix-only fraction of a commercial FCC catalyst, Davlson 
Chemical Company's AD type. This material consists of an active alumina 
phase and inert clay components. The wax cracking of a steamed sample of 
this catalyst was tested at 970"F and 3 catalyst to oil ratio. These 
results are compared with tests of diluted zeolite Y and zeolite beta in 
Table IV. Although the conversion levels of the three catalysts are not 
equivalent, some qualitative observations are possible. The amorphous 
matrix sample has excellent light olefin selectiviuias, comparable to ~he 
beta zeolite and superior uo the Y zeolite sample. This catalyst option 
will be explored further with additional matrix types. 
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' l~,.e Fischer-Tropsch synthesis process also produces a light gasoline 
fraction in addition to the heavy wax materials that have been utilized 
thus far in =his project. A small sample (50 cc) of this type of gasoline 
was obtained from Universal Oil Products. This company is conducting F-T 
catalyst studies under a DOE contract. The detailed characterization of 
this liquid is under way. In addition, some preliminary catalytic 
cracking experiments with this feedstock have been completed. 
This gasoline is a complex mixture of C5-C12 linear paraffins, olefins, 
and oxygenates. The oxygen compounds include the normal alcohols, 
methanol, ethanol, propanol, and aldehydes such as propanal and butanal. 
The quantitative analysis of this mixture will require further effort. 
The initial survey of the catalytic cracking behavior of this gasoline is 
presented in Table V. The gasoline feedstock was allowed to react over 
four catalyst samples: the clay diluent only and a 6.3% blend of =he Y, 
beta and HZSM-5 zeolite catalysts, and diluent. The liquid producc 
consists of two phases, water (and soluble, unconverted oxygenates) and 
hydrocarbons. The water originates from r/le dehydration of the alcohols 
and aldehydes. The low water quantities in these MYO cests (-0.2 g) makes 
quantitative analyses difficult. Under these test conditions, the HZSM-5 
catalyst is the most active (highest C 5- yields), followed by the beta and 
Y zeolite samples. The detailed catalytic cracking behavior of this F-T 
gasoline is complex. Several of the important reactions are: 

. 

2. 
3. 
4. 

Dehydration of oxygenates to olefins and water. 
Isomerization of 1-olefins to 2 or 3-olefins. 
Cracking of olefins. 
Cracking of normal paraffins. 

This listing probably represents the relative rates of these reactions as 
well, but no derailed kinetic studies are available. 

The catalytic cracking results from both the small scale test unit (MYU) 
and the pilot plant indicate r.hat the wax feedstock readily converts to 
product gas (C,-) and gasoline. There are clear differences in the target 
light olefin yields (isobutTlene and isoamylenes) among the caUalys~s 
tested to date. Further" catalyst screening studies will continue. 

TASK 4. Pilot Plant Tests. 

The initial screening tests on the pilot plant unit (AU-2L) continue this 
quarter. This represents a small change in the experimental plan. The 
unit is available, and short-term screening runs on this equipment will 
provide additional guidance in the choice of process conditions and 
catalyst activity. Table VI presents a summary of the current pilot plant 
catalytic crack~n 8 runs with the wax feedstock. The first run, 
No. 939-05, is a repeat of last quarter's test of wax cracking at the 
lowest severity conditions possible and the low activity equilibrium Y 
zeolite FCC catalyst, CCC1397. This run produces enough liquid product 
for a complete characterization of both gasoline and distillate product 
fractions. Some of these analytical results are presented in Table VII. 
These octane test results will be used to verify and adjust the octane 
number estimates by the gas chromatograph method. This catalyst is an 
ultrastable Y faujasite zeolite catalyst ~aken from one of Amoco's 
commercial FCC unir.s. The high conversions of the wax feedstock in the 
pilot plant agree with the small-scale test results (Table If). 
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The next two runs, No. 9~0-i and 940-2, are tests of the same beta zeolite 
catalyst discussed in the last section. These piloE plant results also 
confirm ~he conclusions of the MYU tests: the beta zeolite converts a 
greater fraction of the wax feedstock to light olefins, including 
propylene, isobut-ylene, and isoamylenes, than ~he Y zeolite catalyst. The 
higher olefin yields are offset by a significantly lower gasoline yield 
for the beta zeolite catalyst compared with the standard Y zeolite 
catalyst. The next run in Table VI, No. 941-1, represents another option 
to generate light olefins, the addition of the shape-selecTive zeolite, 
HZSM-5. The test results for the HZSM-5 catalyst mlx~ure are similar to 
the beta zeolite. High yields of the target light olefins are produced, 
but gasoline yield is much lower than the Y zeolite catalyst. This trade- 
off of light olefin and gasoline yield can be adjusted by the amount of 
the HZSM-5 additive. One run (Table VI, No. 942-2) with a 50% dilution of 
the equ/librium Y zeolite catalyst with the inert clay microspheres also 
shows very high wax conversion levels. Further dilution of this catalyst 
or lower activit~ (less zeolite) samples will be needed To obr~/n pilot 
plant ~ests at lower wax conversions. However, there were circulation 
problems in the pilot plant test of this catalyst mix=ure. The d£1uent 
has a higher particle density than normal FCC catalysts. Further pilot 
plant tests will require another diluent. 

CONCLUSIONS 

Task i of the contract, ~he Project Management Plan, and Task 2, Feedstock 
Charac~erizatlon, are complete. 

The caralyrlc cracking screening tesr.s of ~he wax feedstock under Task 3 
(small scale) and Task 4 (pilot plant scale) of the contract are under 
way. The catalytic cracking results of bo~h ~he small-s~ale test unit 
(MYU) and the pilot plant indicate that the wax feedstock readily c o n v e r T S  
(>85%) to product gas (CA-) and gasoline (C5-430"F). Under similar test 
conditions, a normal gas oil feedstock would have much lower conversion 
levels. (-65%) The yields of the target product olefins, isobutylene and 
isoamylenes, from wax crackin E are more than ~rice the levels found with 
gas oil cracking. The HZSM-5 zeolite catalyst produces 'v-he highest yields 
of ~he ~rget isoburylene and isoamylenes. The beta zeol£~e and ~he 
amorphous catalyst have lower light olefin yields than r.he HZSH-5 sample 
but gxeater olefin yields than the Y zeolite. These high olefin yields 
come at the expense of gasoline product. The Y zeolite has ~he highest 
gasoline yields among the catalysts tested. These variations in proda~zt 
yields will form ~he basis for economic evaluations of the various process 
and catalyst options rhac will follow in la~er stages of this project. 
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TABLE I 

MYU TESTS OF INERT DILUENT FOR FISCHER-TROPSCH WAX_CATALYTIC CRACKING 

R u n  No. 

Reaction Temp, °F 

Conversion, W~% 

Products, We%: 

C 4 - 

C5-430 ° F 
430-650"F 
650"F+ 
Coke 

12 

880 

11.8 

2.6 
9.1 

22.7 
65.5 
0.08 

13 

970 

17.3 

5.9 
II.4 
24.6 
58.1 
0.07 

W3R/ml/92&31 
5/8/92 



EquLLLbrLum 2aolLte Y, CCC1397 

Run Z Car l  Tamp, 
Ha, Ca t aLys t  OLL ep 

14 30 1 ,$  970 

IS 50 1,5 970 

16 50 l .S  970 

17 SO 1.5 970 

18 25 0 ,75  970 

19 25 0.75 970 

20 23 0.75 970 

21 23 0 .75  970 

22 25 0.75 880 

23 25 O.7S 080 

24 23 0.75 880 

25 25 0.75 080 

30 12.5 0 .375  880 

31 |2 .$  0 .375  880 

34 6 .26  0 ,187  880 
, , , ,  

36 6.25 0.187 880 

38 6 .25  0 .107 880 

39 6 .25  0 .187 880 

40 6 .25  0 .187 880 

6 . 2 5  

TJUSLE I1 

~ U  TEST RESULTS--DILUTION STUDIES 

Steauned 2eoLLte Ba t s ,  CC01876 

Conve¢~Lon, Run t Car l  
WtX No. CstaLyat OIL 

86 .0  4 100 3 

05.1 5 100 3 

86 .2  7 100 3 

86 ,1  9 100 3 

84 ,3  11 100 3 

84.4 26 25 0.75 

84.3 27 25 0 .75  

04 .5  28 12 ,5  0 .376  

70.1 29 12 ,5  0 .373 

82.6 36 0.25 0.187 

81 .6  37 6 .25  0 .187 

74.7 42 6 .25  0 .187 

77.6  43 6,25 0,187 

83 .0  

55.1 

66 .0  

71.5 

62.2 

69.1 

71.4 

i 

Steamed HZSH-$ CCC1891 

Temp, ¢onversLon, Run 2 Cat{ Temp, 
"F WtX Ho. CataLyJt OLI eF 

070 90,9 32 100 3 880 

970 9L,8 33 100 3 880 

040 91.4 SO 25 0.75 880 

910 91,4 51 25 0 ,76  880 

880 92.4 52 i 12 .5  0 .375  880 
P 

880 91 .2  53 12 .5  0 .375 080 

800 89 .6  $4 6.25 0.1875  800 
i 

800 8 0 . g  55 6.25 0 .1876  080 

8B0 84 .2  64 3.L2 0 . 0 9  080 

800 64 .7  65 3 .12  0 .09  880 

800 80 .3  

880 83.3 

800 $8.0 

C o r J v e r s L o n ,  
WtX 

93.6 

90.4 

84.1 

87.7 

88.3 

05 .6  

84.1 

0 3 , 8  

6 5 . 5  

66.7 

WJIImLIg2~3! 
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TABLE III 

MYU TEST RF~U~TS--CATALyST COMPARISONS AT 880°F 

Ca=alyst Type 

Run No. 

Conversion, Wt% 

Product Yields, Wit: 

Zeolite Y 

c 2 - 

C 3" 
C~ ° 
C&" 
CA ° 
C 5" 
C50 
C6-430"F 
~ 3 0 - F  ," 
Coke 

Isobut-ylene 
Isoamylenes 
c5-430-F 

RON 

MON 

031 

83.0 

0.6 
7.4 
0.8 

13.2 
3.7 

11.7 
3.6 

41.7 
17.0 
0.3 

5.8 
7 . 7  

5 7 . 0  

85.2 
76.2 

Zeolite Beta 

042 

83.3 

0.6 
8.9 
0.9 

17.7 
3.6 

13.5 
2.2 

35.8 
16.8 
0.2 

9.4 
9.2 

51.4 

84 .4  
74.6  

Zeolite HZSM-5 

055 

83.8 

1.5 
17.5 
2.7 

27.4 
3.6 
13.9 
2.0 
15.3 
16.2 
0.i 

12.3 
9.8 

31.i 

8 4 . 4  
7 6 . 0  

WJR/ml/92431 
517192 
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TABLE IV 

MYU TEST RESULTS--CATALYST COMPARISONS AT 970°~ 

Catalyst: Type 

Run No. 

ClO 

Conversion, ~% 

Produc~ Yields, Wn%. 
cz- 
C 3" 
C3 ° 
C 4" 
C4 ° 
C 5" 
C5 ° 
C~-430 ° F 
430"F + 
Coke 

Isoburylene 
Isoamylenes 
C5-430°F 

AD Manrix 

3.0 

72.6 

1.4 
9.6 
1.0 

16.4 
2.3 

12.1 
1.7 

27.4 
27.4 
0.6 

7.2 
8.1 

41.2 

Zeolite Y 

046 

0.2 

70.9 

i.I 
5.7 
0.7 
9.7 
1.8 
9.8 
1.8 

40.2 
29.1 
0.i 

4.2 
5.9 

51.9 

. . . . . .  , = ,  

Zeolite Beta 

0.2 

77.8 

1.1 
8.4 
0.$ 

14.9 
2.5 

13.4 
1.5 

35.1 
22.3 
0.1 

7.6 
8.0 

50.0 

WJE/ml/92431 
5/7/92 
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TABLE V 

CATALYTIC CRACKING RESULTS OF UOP F-T GASOLINE 
MYU TEST RESULTS AT 8,8,0 ° F 

Caualyst Type 

Run No. 

c/o 

Product Yields, WU%: 
Hydrocarbon 
~o 

Produce  Yields, 
HC Only, We% : 

H2 
CI 
c=" 
C2" 
C a- 
C3= 
C4" 

cs- 
Cs" 
C6+ 
Coke 

Isobucylene 
Isoamylenes 

Di~enc 
Only 

063 

3.0 

86 
14 

0.01 
0.07 
0.7 
0.31 
1.1 
0.13 
1.7 
0.3 
3.5 
0.4 
91.7 
0.2 

0 .58  
0 . 2 4  

= i  

Zeoliue Y 

057 

0.2 

82 
18 

0.01 
0.04 
2.8 
0.2 
2.8 
0.i 
3.0 
0.I 
4.9 
0.4 

85.5 
0.2 

0.50 
1.23 

Zeolite 
Beta 

059 

0.2 

84 
16 

0.01 
0.0A 
2.7 
0.2 
3.8 
0.I 
5.4 
0.3 
7.9 
0.5 

79.0 
0.i 

1.6 
2.9 

Zeolite 
HZSM-5 

061 

0.2 

80 
20 

0.01 
0.03 
4.3 
0.! 
8.1 
0.I 
8.9 
0.2 
8.4 
0.4 
69.4 
0.I 

3.0 
4.5 

WJ'RI~II92~.31 
518192 



TAILR VI 

JA)iUARY, PKBRUARY 1992 PILOT PLANT (AU-2L) RUNS 

ii 

P r e L i m t n s r ¥  
R e s t l l  iP s I l l  Wax F e e d s t o c k  

R*m No. 999-05 940-1 940-2 941-1 942-2 

Run CondLtionsl 
RseoLlon  Temp, *P 879  934 910 965 937 
C/O R e t i e  2 , 2 5  5 . 0 8  3 , 9 5  2 . 8 4  1 .57  
NHSV ( h r  'a) 4 2 , 2  4 3 . 8  6 1 . $  5 4 . 6 1  9 9 , 5 1  

Steamed Stsauned 
3temned S t e a m e d  S t e m d  CCC1397 HZSH-S 50X CCC1997, 

Cats|yet CCC1397 8eta Beta (75X) (2SX) SOX DLluent 

Conversion. W~Z 85.0 06.6 06.$ 89.0 90.0 

P r o d u o t  Y i e l d s ,  YtXl 
J~ 
CI 

c~ 
Cjo 

Cs 

nC, 
Lo,- 
tc~ 
CCo- 
1c, 
ncj 
Total Cj- 
~-430"F 
430eF+ 
Coke 

I I  II 

0.02 
0.14 
0.21 
0.14 
6 . 2 3  
0.89 
9 .31  
0.94 
6 . 5 1  
3 . 0 3  
2 . 1 8  
2.00 
0 . 8 1  
8 .0 ; I  

4 1 . 1 4  
15.83 

0 , 6 8  

0.02 
0.10 
0.66 
0.11 

1 3 . 8 9  
2.10 
0 . 9 1  
2 . 5 1  

1Z.20 
5 . 5 1  
4.04 
4.68 
1 . 5 3  
8 . 3 1  

30.55 
3 . 5 9  
1 . 2 0  

0 , 0 1  
0 . 0 7  
0 , $ 0  
0 . 0 8  

1 3 , 6 4  
1 , 8 1  
7 , 5 5  
2 . 0 4  

1 2 , 1 2  
5 . 2 0  
3.86 
3.41 
1.35 
8.44 

94.  Sk 
3.67 
1 . 0 0  

0 . 0 2  
0 , 0 9  
1 .01  
0 , 1 0  

1 5 , 9 8  
2,46 
3 . 3 6  
1 . 8 8  

1 2 , 7 6  
S . : t )  
3 . 6 8  
2 . 0 4  
1 . 3 3  

1 2 . 4 9  
26.48 
1 1 . 6 0  
0,47 

0 , 0 2  
O, L6 
0 .$4  
0 . 1 5  
8 . 9 3  
1 . 2 3  
4 . 0 6  
1 . 2 6  
7 . 5 9  
3 .63  
2.60 
3 .31  
0.73 
S.61 

47.97 
1 0 . 4 2  
0.80 

I I  

(1) The l iqu id  produot: oontein smelt aunounts o f  C, sod Cs eusponsnt: chat here nor. been red is t r ibuted to 
the tndivLdueE gas tcaotLons, 

I 
oo 
I 

g . l l la ,  l l g ~ 31 
S l S I t l  
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TABLE Vll 

PRODUCT ANALYSES--PILOT PLANT (AU-2L) RUN 

Run No. 939-05 

D-2892 ASTMAtmospheric Distillation: 

~eight Percent Y~elds 

430"F- 77.8 
430"F+ 22.2 

D-2699 Research Octane No. of 430°F - Fraction: 86.7 

D-2700 Motor O c ~ e  No. of 430"F+ Fraction: 78.1  

WJR/ml/92431 
517192 
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FIGURE 1 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS 
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FIGURE 2 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS 
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FIGURE 3 
FlSCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS 
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FIGURE 5 
FISCHER-TROPSCH WAX CRACKING MYU TEST 
DILUENT ONLY FEED AND PRODUCTS SIM DIST 
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FIGURE 7 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS DILUTION STUDIES 
CONVERSION,  WT. % 
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FIGURE 8 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS DILUTION STUDIES 
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FIGURE 9 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS DILUTION STUDIES 
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FIGURE 11 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS DILUTION STUDIES 
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FIGURE 12 
FISCHER-TROPSCH WAX CATALYTIC CP~.CKING c L UFT#A jTo  To  DILUTION STUDIES 
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FIGURE 13 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS DILUTION STUDIES 
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FIGURE 14 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 
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FIGURE 15 

FISCHER-TROPSCH WAX CATALYTIC CRACKING 
C4 ISOMER DISTRIBUTION AT 83% CONVERSION 
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FIGURE 16 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

C5 ISOMER DISTRIBUTION AT 83% CONVERSION 
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FIGURE 17 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 
GASOLINE COMPOSITION AT 83% CONVERSION 
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FIGURE 18 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS DILUTION STUDIES 
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FIGURE 19 
FISCHER-TROPSCH WAX CATALYTIC CRACKING 

MYU TEST RESULTS DILUTION STUDIES 
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NOTICE 

This report was prepared by the organization named below as an accounu of 
work sponsored by uhe United Scanes Department of Energy (DOE). Neither 
DOE, members of DOE, the organizauion named below, nor any person acting 
on behalf of any of them: (a) makes any warranty, express or implied, with 
respect ro the use of any information, apparatus, method, or process 
disclosed in r~his report or than such use may not infringe privanely owned 
rights; or (5) assumes any liabilities wi~h respec~ no the use of, or for 
damages resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

Prepared by 
Amoco Oil Company (Amoco Corporation) 
Naperville, Illinois 
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QU/~,~T~2LY HANPO~'~R REPORT 

TITLE: 

For SECOND QUARTER FISCAL YEAR, 1992 

(January 1, 1992 - March 31, 1992) 

THE SELECTIVE CATALYTIC CRACKING OF FISCHER-TROPSCH LI(~-IDS 
TO HIGH VALUE TRANSPORTATION FUELS 

IDENTIFICATION NUMBER: DE-AC22-91PG90057 

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

PARTICIPANT NAME AND ADDRESS: 

AMOCO OIL COMPANY 
P. O. 30X 3011 

NAPERVILLE, ILLINOIS 60566 

Name 

W. 3. Reagan 
D. M. Washecheck 
G. G. Glasrud 
Other Professionals 

Technical Support 
Secretarial 
Total Hours 

m l  

Manpower i n  Hours b y  Task 
I 

I I  2 
0 0 
0 0 
0 0 
0 0 

3 4 5 

277 10 0 
70 0 0 

0 57 0 
0 0 0 

459 137 0 
28 0 0 

790 204 0 

6 

0 
0 
0 
0 

0 
0 
0 

7 T o ~ l  

0 287 
0 70 
0 57 
0 0 

0 596 
0 28 
0 1038 
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Reproduced by N T / S  
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About NTIS 

NTIS collects scientific, technical, engineering, and related 
business information- then organizes, maintains, and 
disseminates that information in a variety of formats- including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conducted or sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
httD://www.ntis.gov. 

Ensuring Permanent ,  Easy Access to 
U.S. Government  Information Assets 
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