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would not infringe privately owned rights. Reference herein to any specific commercial product,

O
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 Government or any

agency thereof. The views and opinions of authors expressed herein do not necessarily state or
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DEVELOPMENT OF ALTERNATIVE FUELS

• FROM COAL-DERIVED SYNGAS

Quarterly Technical Progress Report
1 January-31 March 1992

• Contract Objectives

The overall objectives of this program are to investigate potential technologies for the conversion of
coal-derived synthesis gas to oxygenated fuels, hydrocarbon fuels, fuel intermediates, and octane
enhancers; and to demonstrate the most promising technologies at DOE's LaPone, Texas, Slurry

• Phase Alternative Fuels Development Unit (AFDU). The program will initially involve a
continuation of the work performed under the Liquid Phase Methanol Program but will later draw
upon information and technologies generated in current and future DOE-funded contracts, as well as
test. commercially available catalysts.

• Summary of Activity

• BASF continues to have difficulties in scaling-up the new isobutanol synthesis catalyst
developed in Air Products' laboratories. Investigations are proceeding, but the proposed
operation at I..aPorte in April is now postponed. DOE has accepted a proposal to demonstrate

• Liquid Phase Shift (LPS) chemistry at LaPorte as an alternative to isobutanol. There are two
principal reasons for carrying out this run. First, following the extensive modifications at the
site, operation on a relatively "benign" system is needed before we start on Fischer-Tropsch
technology in July. Second, use of shift catalyst in a slurry reactor will enable DOE's program
on coal-based Fischer-Tropsch to encompass commercially available cobalt catalysts---up to

• now they have been limited to iron-based catalysts which have varying degrees of shift activity.
In addition, DOE is supportive of continued fuel testing of LaPorte methanol_tests of M 100 at
Detroit Diesel have been going particularly weil. LPS offers the opportunity to produce
methanol as the catalyst, in the absence of steam, is active for methanol synthesis.

• Final preparations are underway for the LPS demonstration at LaPorte. The Design VerificationO
Review (DVR) and Operational Readiness Inspection (ORI) were completed and the run plan
issued. The NEXTGEN Data Acquisition System was commissioned, and the new analytical lab
became operational with the link between lab HP compute_' and the VAX/NEXTGEN
established. The process team is now on-site and catalyst slurry preparation is underway.

@
• A meeting was held in Pittsburgh during March for the prospective Fischer-Tropsch partners.

Exxon, Statoil, and UOP attended with DOE and Air Products. Shell, whose agreement is
pending, did not attend. The criteria of a successful run were established; stable reactor operation
over a large number of days with at least 50% CO conversion; correlation between lab and

O
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LaPorte reactor performance is important, as is some measure of column hydrodynamics.
Efficient catalyst-wax separation was not viewed as critical and a decision was made to
investigate a low alpha (Cs-C20)catalyst option with the manufacturer. This is probably a wise •
move as recent filter tests showed some problems in efficient separation of catalyst particles
from the F-T wax.

• The mystery deepens over BASF's inability to scale-up the cesium doped $3-86 catalyst for
isobutanol synthesis. PSG personnel successfully prepared catalysts using the exact same •
precursors used by BASF. Subtle differences in preparation technique are suspected, and closer
cooperation with BASF Ludwigshafen will be needed. Meanwhile, Haldor-Topsoe's MK101
methanol catalyst was tried as a substrate rather than $3-86. The resulting catalyst performed
less well than the cesium promoted BASF $3-86.

O
• Alcohol injection experiments were conducted in the #1 300 ml autoclave to study the effect of

lower alcohol recycle on the synthesis of isobutanol. A simulation of total recycle of methanol,
ethanol, and propanol showed a 60% enhancement in isobutanol production rate.

• The reaction chemistry responsible for the conversion of DME to isobutanol over an oxide •
catalyst appears to be unique. Presently the gas phase oxidation of DME and isobutanol to CO

and CO2 are responsible for the low yields.

• A literature search has pointed out several catalyst candidates for the dehydration of isobutanol
to isobutylene, although nothing seems to have been practiced commercially. Initial lab tests
with a Catapal gamma (8)-alumina dispersed in Drakeol-10 mineral oil show high conversions •
(>90%) and high selectivities to isobutylene (>80 tool%). A group of metal phosphate catalysts
identified in the literature have also been evaluated in Air Products' gas phase reactor and are
demonstrating similar high conversions with almost 100% selectivity to butylenes.

Future Plans •

• Initiate operations at the La_PorteAFDU to demonstrate Liquid Phase Shift (LPS). Commission
and debug new control and data acquisition systems, and the new analytical laboratory. Produce
20,000 gallons of crude methanol for further fuel tests over the next two years. Demonstrate ¢
ability to tailor I-I_CO within the LPS reactor for use with oxygenates or F-T catalysts, for a
variety of feed gases.

• Finalize membership of the Fischer-Tropsch consortium. Implement necessary steps when the
AFDU is ready for operation in July: obtain catalyst from UCI, mineral oil for start-up,
analytical services, mechanical modifications. (

• Solve the scale-up issue of the cesium doped $3-86 and continue to optimize the cesium catalyst
for maximum iC4OH yield.

(_



* Assess status of DME/O 2coupling technology. Decide on respective level of effort for this and
for promoting secondary alcohol formation in the methanol to isobutanol reaction sequence.

e
RESULTS AND DISCUSSION

Task 1: Engineering and Modifications

0 Control Room and Lab Room Relocation and Upgrade

This project was finished during the second quarter. The five major items completed were:

1. Relocate the control room to the new shelter and convert the existing control system to a Bailey

O distributed control system 0DCS).

2. Physically relocate the GC lab, wet lab, and sample hot box to the new shelter.

3. Purchase, configure, and install three new GCs in the new lab.

O 4. Replace the old AIM data acquisition system with NEXTGEN.

5. Link the various computer systems through communication wiring.

1. Convert Control System to Bailey DCS
O

The signal terminations, tic-ins, and rewiring construction work was completed. Both above-ground
and underground wiring between the field, the DCS building (formerly the GC Lab Building), the
plant interface panel (located in the old control room), and the new control room are now in piace.
The Miscellaneous Cabinet (which contains hard-wired safety switches and the reactor's nuclear

O density gauge controls/readout) was also installed in the new control room. The DCS operator
terminals were installed in the control room and commissioned. This commissioning work included

a complete check-out of the new and existing controls and instruments.

2. Relocate Laboratory Facilities
O

The construction and furnishing of the wet lab was completed. Wet lab commissioning will be
completed when required. The commissioning of the GC lab was also completed. The installation of
the cabinets, hood, and the HVAC (heating, ventilation, and air conditioning) was finished in

January. The air exhaust rates were balanced in February. In February, the drawings for the samplc-
O line layout were received and construction began. This was followed by the construction and arrival

of a new flow control box which was subsequently mounted and tied into the sample lines.

O



O

3. Purchase, Configure And Install New GCs

The GC laboratory setup was completed by connecting two of the new GCs, one of the older GCs, •
and one liquid GC to the newly installed flow control box. These analytical devices were then
commissioned and calibrated. Each of the GCs are connected to, and driven by, an HP computer.
The re.configuration of this computer was also completed as part of the general laboratory
commissioning work.

O

4. Upgrade the Data Acquisition System (DAS)

The data acquisition system (DAS) has been completely revamped. New hardware from Digital
Equipment Corporation (DEC) was purchased and delivered to Air Products' Trexlertown campus.
While on campus, the computer was outfitted with a new DAS software named NEXTGEN. The •
database definition was also completed and installed. Finally, communication software (which
allowed the HP computer to send GC data to the DEC computer) was written and debugged. Once
the initial DAS setup was completed, the HP and DEC computers and peripherals were shipped
down to the AFDU where the final setup and staging was completed.

O
$. Link Computer Systems

With ali the computer hardware in piace, the final step was to complete the communication links.
Ethernet cable was run from the GC lab to the control room for HP-to-DEC communications. The

ethernet link was also extended from the DEC computer to selected offices for DEC-to-PC Q
communications. The HP-to-DEC and DEC-to-PC communication protocol (using a Local Area
Network, LAN) was then installed and tested. Finally, the Bailey DCS-to-.DEC link (handled via
modem communications) was connected.

6. Summary C

The relocation and upgrade of the process control and data acquisition systems has been completed.
The major, on-site equipment are itemized below:

C
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TABLE 1.1.1

Major On.Site Equipment
Qi , i

- i

Item No. Function
iii .1111 i .......

Bailey Multifunction Controller 2 Interface between field instrumentation/controls and the
Cabinet control room displays.

Q

Bailey Operator Terminal 2 Used by operators to view and control operation of the
plant.

Bailey Printer 2 Generate hard copy of alarms and reports.
Q

HP 5890 GC (Series II) 2 Analyze gas samples (6 samples per GC, continuous
analysis)

Carle GC 2 Analyze reactor feed gas (only one is fully functional,
Q the other is used as a spare)

_t

HP Liquid GC 1 Analyze liquid products (batch). This is also fitted with
an electron capture device (ECD) for gas-phase
carbonyl analysis.

Q
HP Computer/Terminal/Storage 1 Receives data from the various GCs, directs integration/

normalization, transfers results to DEC computer.

HP Integrator 4 Connected to each GC. Controls valve switching/timing

• and prints "raw" hard copy.

HP Printer 1 Prints normalized hard copy reports for ali the GCs.

DEC Computer/Terminal/Storage 1 Main data acquisition machine. Communicates with the
Bailey, the HP, and PCs. Displays current plant and

• analytical data as well as historical data. Computer is
also used to perform data analysis and produce reports.

DEC Printer 1 Hard copy device for DEC computer.

Q

O
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TABLE 1.1.1 (cont'd)

Major On-Site Equipment •

Item No. Function

Bailey Workstation I An Intel brand PC which is connected to both the
Bailey and DEC computers. When in Barley-mode, this
machine is used to configure controllers off-line. When •
in DEC-mode, this machine is used to download data
from the DEC and, in the near future, will be able to
"emulate" a DEC terminal. When in PC-mode, this
machine is used to work-up plant data and to write

____ rts. •

In addition to the analytical equipment on site, an FID (flame ionization detector) was purchased
and configured, but not installed.

eFuturework includes:

1. Reconfigurc and stage the analytical equipment for the Fischer-Tropsch demonstration.

2. Complete the software installation to allow PCs to emulate DEC workstations. This will allow
engineersandotherstafftoviewthe"live"plantdatawithoutphysicallybeinginthecontrol •
room.

3. WriteandstagecomputersoftwaretoallowtheDEC compumrtosenddatatotheBailey.This
featurewouldmake itpossiblefortheBaileytoreceivemolecularweightdatafromtheDEC
andusethatdatatocorrectthedisplayedflow.(Currently,flowasdisplayedbytheBaileyis •

onlycorrectedforpressureandtemperaturewhilethaton theDEC iscorrectedformolecular
weightasweil.)

AllthreeoftheseitemsatcscheduledtobccompletedpriortotheFischer-Tropschdcmonsa"_oa.

Engineering, Design, and Modifications for the Spring Isobutanoi Demonstration ¢

By earlyJanuary,thebulkofthedetailedengineeringanddesignworkwas completed.Mostofout
effortsweredevotedtomakingthenecessarysitemodificationsandcompletingthefinal
review.

(

By theendofJanuary,theinstallationofnew equipmentitemswasfinishedandfabricationofnew
fieldpiping/insulationwas90% complete.Reactivationofexistingequipmentalsocommencedin
January.The overhaulofthe0I.I(3/01.20compressorwasundertaken.Motorsforallpumps,fans,

andagitatorswcrcsetinplace.Twentyofthesafetyreliefvalveswereremovedandsentoutfor
inspectionandanynecessary,repair.InFebruary,pressuretestingandx-raytesting(whererequired) (
wcrcperformedonthenew cquiprncntandpiping.



In February, it was decided that the spring demonstration of isobutanol production would be
postponed and replaced with the demonstration of liquid-phase-shift (LPS). Nevertheless, we did

• complete the final hazards review (Design Verification Review) for IBOH (see Appendix 1).

Engineering, Design, and Modifications forthe Spring Liquid.Phase Shift
Demonstration

Q
As of February, the run plan called for the demonstration of the water-gas shift reaction in the liquid
phase (LPS). The switch form IBOH to LPS was brought about by the supplier's inability to prepare
the isobutanol catalyst which met our performance targets. The LPS demonstration requires much of
the same equipment as would have been required to carry-out isobutanol. A commercial shift

Q catalyst, which has been thoroughly tested in our labs previously, would be used.

All required engineering, design, and modification work was completed. Highlights are summarized
below.

Q 1. Technology

The shift reaction is described as follows:

I'I20 + CO = 1-12+ CO2

• Most state-of the art gasifiers produce a syngas with a _:CO ratio between 0.5:1 and I:1. In
con=ast, the stoichiometry of oxygenate synthesis and Fischer-Tropsch synthesis requires I-I_:CO
ratios of 1:1 to 2:1. As a result, coal derived syngas cannot be completely converted to these fuels
without the use of a shift step to upgrade the hydrogen content. Therefore, shift is viewed as an
integral unit operation in the overall syngas-to-fuels process. Gas-phase shift has been commercially

• practiced for years; liquid-phase shift has been previously demonstrated in the labs but, to our
knowledge, has yet to be demonstrated in a bubble column.

2. Demonstration Plan

• At the AFDU, LPS will be carried-out by injecting 500 psi steam into the feed gas prior to
introduction to the reactor. The steam will react with the CO to form 1-12and CO2 ; the reaction will
be carried-out at 250"C and 400 to 450 psig. The objective of this demonstration is to prove
feasibility° Thus, the focus will be to study different feed gas types and produce products with a

I-I_:COratio between 1:1 and 2:1 (or more). Process variables such as pressure and temperaw e are
• not to be considered here but could easily be studied in the laboratory autoclave reactors.

The shift catalyst we intend to use is made by BASF (K3-110). This catalyst is one of the
commercial "low temperature" shift catalysts and is composed of CuO, ZnO, and alumina. Since
these components are the same as those found in many methanol catalysts it is also possible to use

• the catalyst to produce methanol. Methanol production at the AFDU as part of the Spring 1992
demonstration is advantageous for two reasons:

'7
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I. lt provides a means to shakedown and calibrate the DCS and DAS systems under real operating
conditions. The alternative is to shakedown without catalyst (fill the reactor and vessels with oil
and circulate syngas). Q

2. It provides a means of replenishing our dwindling supply of liquid phase methanol product for
engine, tests. Recent tests by Detroit Diesel have been extremely successful and we are
anticipating demand for "LaPorte Methanol" to exceed our existing stock. The alternative would
betorestarttheAFDU atsomelaterdateforthesolepurposeofmakingmethanol. @

AfterconsultationwithPETC, arunplanwas adoptedwkichincludedthedemonstrationofboth

LPM andLPS technologies.The runplanisreproducedinTable1.I.

O

TABLE 1.1

Run PlanforSpring1992LPS Demonstration

I--Run # Operation Duration
0

#

C '_TALYST ACTIVATION
AF-A2 Activationof550#ofK3-110catalyst 2.0days

LPM DEMONSTRATION

AF-R4 Methanol synthesis w/K3-110 6.5 @
Drain reactor to 275# of catalyst (oxide basis) 0.5

LPS DEMONSTRATION

AF-R5 .1 TexacoGas,SV=10000,Hz:CO=-1:1 2.0
.2 TexacoGas,SV=I0000,I-_:CO=2:I 1.0 @
.3 TexacoGas,SV= 6000,I-I2:CO=-2:1 1.0
.4 TexacoGas,SV= 6000,I-_:CO=1:1 1.0

Change-outmethanolinCO 2removalsection 0.5

AF-R5 .5 ShellGas,SV=7000,H2:CO=-2:1 1.0 C
.6 ShellGas,SV=7000,H2:CO=I:I 1.0

.7 ShellGas,SV=4000,I-I_:CX>--I:I 1.0
.8 Shell Gas, SV=4000, I-I2:CO=2:1 1.0

Prepare for once-through operation 0.5

AF-R5 .9 I'_LeanGas,SV=6000,I-_:CO=2:I 1.0 (:
.10aPOX Gas,SV=6000,I-_:CO=-20:I 1.0
.10bPOX Gas,SV=6000,I-_:CO--40:l 1.0

TOTAL 22.0
£

8 i
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SV is space velocity expressed as sL/kg-hr. Runs R5.6, R5.7, and R5.10b are optional and will be
carried-out if the schedule can be maintained. The feed gas compositions to be used are presented

• in Table 1.2.

TABLE 1.2

Feed Gas Compositions for Spring 1992 LPS Demonstration
O

Component: I-{2 CO CO 2 N 2
i ii i,

Shell Gas 31.0 65.0 3.0 1.0
• Texaco Gas 35.0 51.0 13.0 1.0

I-I2 Lean Gas 1.5 72.0 13.4 13.1
POX Gas 60.7 37.7 1.6 0.0

• 3. Process Development ¢

From the viewpoint of the AFDU, operation of LPS is similar to IBOH with some exceptions. The
operation is similar in the sense that some level of CO2removal is required to allow unreacted
syngas to be recycled. However, some modifications to the plant are necessary: new tie-in of HP
steam to the process feed, installation of a throttling valve downstream of the 01.10 feed compressor

Q (to allow for low pressure operation of the reactor), new tie-ins to the flare, and repiping around the
10.85 pump.

Process Description (see Figure 1.1---Flowsheet)
Hydrogen, carbon monoxide, and carbon dioxide are blended and compressed, then mixed with

Q recycle gas to form the desired syngas composition and flow. This reactor feed is preheated (in the
21.10) then combined with high pressure steam. The mixed feed is directed to the 02.61 where it is
further heated by condensing HP steam, and then finally introduced to the bottom of the 27.10 slurry
reactor.

Q The syngas flows upward through the slurry (catalyst-mix plus mineral oil) where water and CO

react to form H.z and 1-120;some methanol may also be formed as a by-product. The heat of reaction
is absorbed by the oil and then rejected to an internal heat exchanger. The gross reactor effluent is
passed through the 27.11 cyclone to remove catalyst fines, then cooled in the 21.10 to condense
traces of slurry oil. The resultant vapor is considered to be the net reactor effluent. This stream is

_• subsequentlychilledagainstcoolingwater(inthe21.30),andintroducedtoa 22.10separatorwhere
virtuallyalltheunreactedwater(andanymethanol)arerecoveredasliquid.

The vaporfromthe22.I0iscooledinthe21.38exchangerandcombinedwithacirculatingMeOH
fluid.Thiscombinedstreamisthenchilledto0°Finthe21.80kettleevaporator.Simultaneously,

• CO 2isabsorbedintotheliquidMeOH. Thissu'camentersthe22.14whereapproximately50% of

9
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the contained CO 2is recovered in the liquid. The remaining CO2and syngas is rewarmed by cross
exchange in 21.38. A portion of this vapor is sent to flare and the remainder recycled to the front-

• end.

The liquid from the 22.14 is let down in pressure, then warmed to ambient in the 21.45 and 21.65
hairpin exchangers. The MeOH-rich stream is then degassed in the 22.18. The off-gas, which

contains the previously absorbed CO2,is sent to flare. The liquid from the 22.18 is pumped in the
• 10.80 and then chilled in the 21.65 and 21.45 prior to being combined with the 22.10 vapor take-off.

A small amount of the methanol and water is carried over from the 22.10. To maintain a constant

volume in the cold end, a bleed line is required. The bleed will empty into the 22.11. (Throughout
the run, the cold end will operate in an unsteady state as the composition in the cold end changes.

• The change in composition will affect the level of CO2 removal. Consequendy, the liquid inventory
is periodically dumped and then recharged.)

The vapor off the 22.10 is saturated with water. This water would normally condense and potentially
freeze on the tubes of the 21.38. To keep this from happening, a small methanol flow will be drawn

• from the 22.18, pumped in the 10.85 and injected into the gas steam prior to its introduction to the ,
21.38.

4. Engineering and Design

First, preliminary heat and material balances were developed. A revised P&ID and associated FCNs@
(flowsheet change notices) were drafted, issued for review, and approved. These were used to
design/size valves, instruments and lines. Specifications were released to Design Engineering, where
the detailed specifications were drawn up and issued for purchase. The preliminary Hazards Review
was conducted which identified action items for further review. Calculations in support of the
Design Hazards Review were then completed and discussea with the review team. In March, the

• final review, Design Verification Review, was completed (see Appendix 2).

5. Site Modifications

Required piping modifications and instrument installations were completed in March. At the same
• time, shakedown activities continued: controller function check-out was conducted with nitrogen

and oil. Finally, syngas was introduced to the plant during the last week of March. Regular
operations will be ready to begin 1 April.

Engineering and Design for the Summer Rscher-Tropsch Demonstration
@

P&ID development work was completed for the Summer 1992 Fischer-Tropsch demonstration run.
New control valves as well as new safety valves were specified and approved for purchase. The
21.85 double pipe heat exchanger was also ordered. Piping design work was completed and
construction packages were released. Reactor heat load calculations were performed for various F-T

-0
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process conditions. The calculations indicate significantly higher heat load for F-T at highest space
velocity (6000 sl/hr-kg Fe) compared to LPM. Even though the space velocities are lower for F-T,
CO conversions are much higher and heat of reaction is somewhat higher. The heat load on the •
reactor heat exchanger at 6000 GHSV, 600 psig and 0.95 alpha, was calculated to be about 1.I MM
Btu/ht compared to the maximum LaPorte capacity of about 0.9 MM Btu/hr. The fin fan on the
utility oil is the limiting equipment. As a result of the heat transfer limitations in the reactor, the
highest space velocity was decreased from 6000 to 5000 sl/hr-kg-Fe. Also, in order to obtain a
minimum of 0.14 ft/sec inlet gas velocity, the lowest space velocity was increased from 2000 to •
2500 sl/hr-kg. Heat and mass balances were developed for the new conditions.

A filter test was conducted at Mott Metallurgical to check the cross-flow filter design for catalyst-
wax separation. Drakeol-10 oil was used as a slurry medium with UCI Fe catalyst for the test. The
test was conducted at about 150"Fto simulate viscosity of wax at 250"F. Initial results indicated Q
excellent filter performance with 1 micron grade filter element at 20 wt% slurry concentration. After
four hours of operation, the filtrate flow stabilized at 0.17 - 0.18 gpm/ft 2for next 4 hours. This was
about 35% above the design flux of 0.13 gpm/ft 2. Also, no bacldlush was necessary throughout the
day. The slurry was maintained at 150"Fovernight with the filter shut off. On the second day, the

slurry was concentrated to 25 wt%. The f'flter now needed a back_flushevery 20 minutes to maintain @
the design flux. Overnight on the second day, the slurry got overheated to 250T. On the third day,
the filter plugged right away when a test with 20 wt% slurry was attempted. Even when the filter
element was replaced with a new element, only 5 minute cycles were achieved, lt appeared that the
slurry properties had changed. Particle size measurements indicated reduction in particle size from a
median (by particle number) of 12 microns to 6 microns in 16 hours of operation. Mott did not O
believe that particle size was the cause since they have had better performance with finer catalysts in
the past. Also, the step changes in performance after overnight shutdowns at temperature indicated
possible change in the chemical nature of the slurry. One possibility was that water came off the
catalyst and leached potassium oxide from the catalyst forming potassium hydroxide. Hydroxides
are known to inhibit filter performance because they make the particles slippery and allow finer

O
particles to penetrate the filter, thus plugging up the filter. Several analytical tests were conducted to
investigate the cause of filter plugging problems. Fresh, intermediate, and spent slurry samples were
analyzed. Titrations of the oil samples indicated no alkalinity (hydroxides) or acidity in any of the
samples. Atomic adsorption of the oil samples did not detect the presence of any metals (Fe, Cu, K
or Si). The brown tint in the spent oil was attributable to very fine Fe particles. These particles
would not settle or centrifuge and were only removed by filtration using a fir_emembrane. Infrared @
analysis of the oil samples did not show any evidence of breakdown or oxidation of the oil. XRD on

the catalyst samples indicated that crystallite of Fe_O3 represented only 7.7 to 9.6% of the defraction
pattern with no difference in crystallite size between samples. So, it appears that there was no
change in the chemical nature of the slurry. Perhaps the physical grinding of the catalyst at high
concentrations through the 1/4" test filter element was the cause of the plugging problems. C

As a result of filter plugging problems, the catalyst-wax separation design was changed, lt was
decided to attempt some settling prior to filtration. This would reduce concentration of the slurry
going to the filter. The connections to the slurry holding vessel (27.13) were changed such that the

£
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connections to and from the reactor will be at the bottom while the connections to and from the filter

will be near the liquid level (3 ft). The settling is expected to be substantial at the base condition;
@ however, it will only be partial at the high production condition.

CAER, Kentucky completed activity tests with the UCI catalyst to compare Drakeol-10 with
Ethylflow-164 as a starting slurry medium. Both the tests showed poor catalyst activities (see
Figures 1.2 and 1.3). This is in contrast to acceptable and comparable activities observed at both

@ UOP and Texas A&M. lt appears that the catalyst samples at CAER went through a slow activation
and were never fully activated. CAER also had filter plugging problems in both the tests. Even
though attempts were made at CAER to duplicate UOP activation procedures, two differences

emerged as a result of detailed discussions with both the parties. UOP switches from Nz to syngas at
280"Cwhile CAER heated up the slurry from 25"Cto 280"Cin 2.2 hours under syngas flow. Also,

@ the CAER stirring rate appears to be lowm750 rpm compared to 1100 - 1200 rpm typically used by
UOP and Air Products in the autoclaves. CAER plans to conduct another test.

Following completion of a partnership agreement between Air Products and Exxon, we visited
Exxon on 25 February to discuss plans for the F-T run. Exxon has abandoned catalyst systems with

@ SiOr They have observed catalyst instability when the catalyst was supported on SiOz.Also, they w

find these catalysts hard to activate reproducibly. Instead, they are prefer unsupported catalysts with
Fe, Cu and K. Exxon is concentrating on low alpha operations (about 0.75), producing low
molecular weight HC liquids. This reduces wax cracking and catalyst-wax separation requirements.

@ A meeting was held on 19 - 20 March in Pittsburgh with DOE and industrial partners to discuss
catalyst selection, run plan and analytical assistance. Our partners to date include Exxon, UOP and
Statoil; an agreement with Shell is pending. At the partners' meeting, it was decided to pursue a
lower alpha catalyst, which would minimize heavy wax (C26.) production and increase lower
molecular weight hydrocarbon liquid products (C8 - C20).It was generally felt that, in view of

@ filtering difficulties experienced by Air Products at Mott and by Rentech in Colorado, it was worth
minimizing the load on the catalyst-wax separation system and focusing on reactor performance,
which is the main goal of this f'u'strun. After the meeting, follow-up discussions were held by Air
Products and Exxon with UCI regarding the catalyst preparation. UCI has agreed to prepare two
different low alpha catalysts on a small scale by end of April. One batch will made with about 1%
K20 and 1.6% SiO2, starting with potassium silicate. This requires a minimum change from the

@ current method of producing high alpha catalyst which also uses potassium silicate as starting

material (5.9% K20 and 9.7% SiO2). The K20 to SiO2ratio will remain the same. The second batch
will involve adding extra SiO2 from another source making up to 5% SiO_. The second batch will be
a back-up catalyst, in case the f'n'st batch has less than acceptable physical properties due to lower
silica content. Both the samples will be tested by UCI for physical properties such as attrition

@ resistance. UOP will then activity-test the catalyst selected from the two in early May. By mid-May,
a decision will be made on whether to proceed with a high or a low alpha catalyst. UCI has blocked
out pilot plant time to prepare 2000 lbs of the selected catalyst between mid-May and mid-June.
Thus, the catalyst will be prepared in time for the July run as scheduled.

@
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During the meeting, Exxon offered the use of their process wax as a starting slurry medium to
eliminate the time needed to displace Drakeol- 10 with product wax. Follow-up discussions were
held between Air Products and Exxon regarding the supply of the starting wax. For Exxon to supply •
process wax, they would need to restrict access to their wax and would require those with access to
sign a non-disclosure agreement. However, since starting wax will end up with the product wax, it
will be very difficult to limit the access to the starting wax. Also, with the run coming up in about
three months, there is not enough time to get legal agreements in place. Exxon offered Isopar, which
is a C_o-C3osaturated isoparaffin liquid. Hcwever, in the absence of available wax, it was decided to •
use Drakeol-I0, since it has been extensively and successfully used at LaPorte for LPM and

LPDME. Drakeol-I0 is a C_6-C3ssaturated hydrocarbon liquid which includes straight chain and
branched paraffins as well as naphthenic compounds. The catalyst performance would be
independent of starting medium so long as it does not contain any contaminants. Drakeol- I0 will be
used by UOP in future tests after a catalyst decision has been made. @

The run plan proposed at the meeting (see Table 1.1) was accepted by the partners. About 780 lbs of
catalyst and 210 gallons of Drakeol- 10 will be loaded in the reactor to make about 35 wt% slurry.

The catalyst will be activated using 0.7 H_CO syngas at 2000 sl/hr-kg le, 150 psig, and 280"C for

about 12- 16 hours. About 1% Nzwill be added to the syngas as an internal standard. The inlet gas , •
velocity of about 0.23 ft/see will be sufficient for adequate mixing. Expanded slurry height of 20 ft,

which is maximum, will be maintained throughout the run. The decline in CO2 and rise in CH(
content of the product gas will be monitored; when they level off the operating conditions will be
changed to run conditions. The baseline run (Run No. 1) will be conducted with 0.7 I-LJCOsyngas
(1% N2)at 2500 sl/hr-kg Fe, 200 psig, and 265"C. lt is estimated that the reactor will contain about Q
490-500 lbs of catalyst during the run; the remaining catalyst will be in the slurry holding tank and
the cross-flow filter system. The slurry concentration in the reactor will be about 26 wt%. The inlet
gas velocity will be about 0.14 ft/see, which is the minimum velocity required for adequate mixing.
The run at these conditions will be continued for ten days to check for stabilization of the catalyst
performance. These conditions will be repeated for four days at the end of the run to check for any
catalyst deactivation. Two other conditions will be studied for three days each during the run. The C
space velocity will be doubled to 5000 sl/hr-kg Fe at 200 psig and 265"C to study the effect of space
velocity (Run No. 2). The inlet gas velocity will be about 0.27 ft/see. The reactor pressure wtli then
be doubled to 400 psig at 5000 sl/hr-kg Fe and 265'C to study the effect of reactor pressure (Run
No. 3). The inlet gas velocity will be back to about 0.14 ft/see.

12

Discussions were held with DOE at the meeting for analytical assistance, lt was decided that Atr
Products will ship HC liquid and solid wax samples to DOE's Pittsburgh Energy Technology Center
(PETC) daily during the run for analysis. PETC is already set up for these analyses and has
promised a 1 - 2 day turn-around time. Gas analysis will be conducted on-line at LaPorte using

PETC's analytical methods. Two GCs will be set up to analyze up to Cs in the gaseous product. Ii
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Task 3: Research Program

Task 3.1: New Fuels From Syngas •

a. lsobutanol/Higher Alcohols:

Process Variable Scans on Cs-Cu/ZnO/AI203 (BASF 53-86) •

Model Predictions:

Process variable studies were done (last Quarterly Report) on Cs-promoted Cu/ZnO/AI:O 3 (1.1 wt%
Cs) to quantify the effect of various process variables on the performance of the catalyst. The
influence of four variables was investigated: 1) temperature, 2) pressure, 3) gas-hourly-space-
velocity (GHSV), and 4) the feed CO2 concentration in a Shell gas matrix. A Box-Behnken •
statistical experimental design, with three levels of each of the above four variables, was used; a
total of 30 experimental observations at 25 different conditions. The levels used for each variable
were: temperature (285,300, and 315°C), pressure (500, 750, and 1,000 psig), GHSV (2,000,• 5,000,
and 8,000 std. lit./kg-hr), and feed CO2concentration (0, 1.5, and 3.0 tool%). Response variables,
such as rates and selectivities for the individual products, were regressed and fit to 2"d-order , •
equations. The experimental results and discussion of the goodness of fit were presented in the last
quarterly report (October-December 1991). More detailed model results are presented here.

Regression parameters were determined for a total of 25 key response variables. These pararnete_
were used in the 2*d-orderequation to predict the response variable as a function of the four •
independent variables. As an indication of the quality of fit, parity plots for the methanol rate,

isobutanol rate, _C2-C6alcohols rate are shown in Figure 3.1.1. Figure 3.1.1 shows, for each
measured rate, a corresponding predicted rate as obtained by the 2*d-ordermodel. The 2"d-order fit is
quite good for these three products. The average absolute prediction error per observation is 3.4%,
6.3%, and 5.3 % for methanol, isobutanol, and YC2-Cs alcohols, respectively. The equation for •
methanol rate required 10 parameters, while the isobutanol and I:C2-C6 alcohols rate equations
required 11 and 12 parameters, respectively.

Previously obtained data, which were not part of the Box-Behnken experimental matrix, on the

effect of GHSV at 3000C and 850 psig using Shell gas with 3% CO2 is compared to model •
predictions in Figure 3.1.2. As shown, the model does an excellent job of predicting the individual

product rates, as well as the I;C2-C6 alcohols rate. Noteworthy is the fact that the 9,000 GHSV
condition is slightly outside the range of GHSV used to generate the models, but the fit is still quite
good. However, extreme caution should be taken in extrapolating the data to any combination of
reaction conditions which is outside the range. The models developed are purely empirical and have
no basis in physical or chemical phenomena. ¢

Model predictions of the major product rates and selectivities as a function of temperature, pressure,
GHSV, and feed CO 2concentration were generated. These rate and selectivity correlations are
presented as functions of GHSV at three levels of another variable (temperature, pressure, or feed ¢
CO2 concentration) while holding the remaining two variables constant. These model predictions are
shown in Figures 3.1.3-3.1.8.
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The effect of temperature on product rate and selectivity for Shell gas with 3% CO_ at 750 psig, is
shown in Figures 3.1.3 and 3.1.4. The rates of synthesis of methanol, ethanol, and 1-propanol

• decrease monotonically with increasing temperature, while the isobutanol rate increases

monotonically. The influence of temperature on the :EC2-C_ alcohols rate is affected by the particular
GHSV, as shown in Figure 3.1.3. Increasing temperature also increases the rate of synthesis of C_-C6
hydrocarbons. The effect of GHSV on isobutanol rate at the various temperatures is interesting. At
285°C, the isobutanol rate goes through a maximum with increasing GHSV, while, at 315°C, the

• rate increases continuously with GHSV. Another interesting observation is that the Ct-C 6
hydrocarbons rate decreases monotonically with GHSV at 285°C and 300°C, but is barely
influenced by GHSV at 3150C. The selectivity results in Figure 3.1.4 clearly show that methanol

selectivity decreases with increasing temperature, while the isobutanol, ZC1-C6hydrocarbons, and
ZC2-C6 alcohols rates ali increase with temperature. Also shown is the fact that the selectivity to

• ZC_-C6 hydrocarbons decreases dramatically with increasing GHSV, at each temperature.

Figures 3.1.5 and 3.1.6 show the effect of pressure on product rate and selectivity for Shell gas with
3% CO2 and a reaction temperature of 300°C. Figure 3.1.5 shows that a substantial increase in the
rate of synthesis of ali products with increasing pressure is quite evident. As shown in Figure 3.1.6,

• the selectivity to methanol and isobutanol is not a strong function of pressure. However, selectivities
to ethanol and 1-propanol increase with increasing pressure, while selectivity to ZC1-C6
hydrocarbons decreases with increasing pressure. Pressure has little effect on the selectivity to total
higher alcohols (_C2-C6alcohols).

The effect of feed CO2concentration on product rate and selectivity for Shell gas at 750 psig andO
3000C, is shown in Figures 3.1.7 and 3.1.8, respectively. Methanol rate is not affected by varying
CO2concentration, while the rate of synthesis of all other products increases with decreasing feed
CO+concentration. Figure 3.1.8 shows that selectivities to higher alcohols increase with decreasing
feed CO2 level.

• Another response variable correlated was the reactor exit I-I20 concentration. This quantity is
important because it determines how much I-I20may be present in the product alcohols, and also
may influence catalyst life by determining the rate of hydrothermal sintering. The catalyst, in
particular the copper phase, is expected to sinter faster in the presence of high partial pressure of
I'120. The reactor exit 1-120concentration was experimentally determined using the on-line Karl-

• Fischer titrator. Figure 3.1.9 shows the effect of pressure, temperature, and feed CO2 concentration
on the reactor exit 1-120concentration. The results indicate that exit 1-I20concentration increases
dramatically with decreasing GHSV. This correlation suggests that the use of low GHSV may be
disadvantageous from the standpoint of product quality and catalyst life.
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Ovrimization:

Within the ranges of process variables explored, certain of the important response variables were
@ optimized. For these optimizations, temperature, pressure, GHSV, and feed COz concentration were

constrained to be within the ranges for the Box-Behnken experiments (285-315°C, 500-1000 psig,

2000-8000 std. lit./kg-hr, and 0-3 tool% CO2). Conditions were determined where each variable
(isobutanol rate, isobutanol selectivity, ZC2-C6alcohols rate, ZC2-C6alcohols selectivity, and ZCt-C 6
alcohols rate) was maximized. Table 3.1.1 shows the results for these determinations.

@

As shown in Table 3.1.1, isobutanol rate and ZC2-C+alcohols rate are maximized at the maximum
temperature, pressure, and GHSV, and the minimum feed COz content. Selectivity to isobutanol is
maximized at maximum temperature and pressure, but minimum GHSV and CO 2content. Low
GHSV favors high selectivity to isobutanol, while high GHSV favors high productivity.

@ Interestingly, the maximum selectivity to ZCcC 6 alcohols occurs at an intermediate temperature and
the lowest pressure, GHSV, and CO2content. Finally, the ZC;-C+ alcohols rate (total alcohol
productivity) is maximized at the lowest temperature (largely because that is where methanol rate is
maximized) and feed CO2 content and the highest GHSV and pressure.

Q TABLE 3.1.1

Optimum Conditions* for Selected Response Variables

'" ,...... OPtimum' Conditions in Range
GHSV l_eed

@ Response Maximized Temp. Press. (std. lit./ CO2
Variable Result (°C) (psi_) kg-hr) (mol%)

Isobutanol Rate (g/kg-hr) 45.1 315 1000 8000 0
Isobutanol Selectivity (wt%) 16.6 315 1000 2000 0

ZC2-C6 Alcohols Rate (g/kg-hr) 136.5 315 1000 8000 0

@ I;CfC 6 Alcohols Sensitivity (wt%) 33.21 310 500 2000 0
ZC;-C+ Alcohols Rate (g/kg-hr) 628.0 285 1000 8000 0

,,, , ,, ,

*Allowed ranges of process variables correspond to their ranges in the Box-Behnken
experimental design:

Temp. (285-315°C), Press. (500-1000 psig), GHSV (2000-8000 std. lit./kg-hr)
@ Feed CO2 (0-3 mol%)

o Optimization of the same response variables was done for Shell gas of 3 mol% CO2(i.e., Shell gas
without CO zremoval) to obtain more information on the relative importance of CO 2removal. The
results are shown in Table 3.1.2. In agreement with the results obtained when CO2 content was

@ allowed to vary (see Table 3.1.1), the isobutanol and ZC2-C6 alcohols rates are maximized at the
maximum temperature, pressure, and GHSV. Also, the isobutanol selectivity is maximized at the
highest temperature and pressure but lowest GHSV, in agreement with the results in Table 3.1.1.

Finally, also in agreement with Table 3.1.1, the ZCt-C +alcohols rate is maximized at the lowest
temperature but highest pressure and GHSV. The results in Tables 3.1.1 and 3.1.2 suggest that, to

@ maximize isobutanol rate and selectivity, high temperature and pressure is essential.
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TABLE 3.1.2

Optimum Conditions* for Selected Response Variables
for Shell Gas with 3 mol% CO2 t1

"-" GHSV

Response _laximized Temp. Press. (std. lit./
Variable Result (°C) (psig) kg-hr) _ •

lsobutanol Rate (g/kg-hr) 39.7 315 1000 8000
lsobutanol Selectivity (wt%) 15.8 315 1000 2000

YC2-Cs Alcohols Rate (g/kg-hr) 111.7 315 1000 8000
EC2-C6 Alcohols Sensitivity (wt%) 29.7 315 1000 2000
ZCt-C_ Alcohols Rate (g/kg-hr) 605.7 285 1000 8000 @i

i_

• Allowed ranges of process variables correspond to their ranges in the Box-Behnken design:
Temp. (285-315°C), Press. (500-1000 psig), GHSV (2000-8000 std. lit./kg-hr)

At the end of the process variable experiments, the reactor was run at aggressive conditions to obtain •
high rate and selectivity to isobutanol, using the results of the process variable scans as a guide. It
should be noted that these results were obtained on a catalyst sample which had been in use during

the process variable experiments for almost 200 hours on stream. The maximum temperature and
pressure were set by practical considerations, i.e., the maximum achievable by the unit. The feed gas
used was Shell gas with 3 tool% CO2,that is, no COz removal. The pressure was 1400 psig and the @
temperature was 3150C; space velocities of 2000 and 8000 std. lit/kg-hr were used. The results
obtained are shown in Table 3.1.3. These experiments produced the highest rate of isobutanol

synthesis (49.4 g/kg-hr at 8000 GHSV) ever recorded in our labs.

TABLE 3.1.3
Measured Performance of Catalyst at 315"C and 1400 psig

Feed: Shell gas with 3 tool% CO2 li

Rate (g/kg-hr) Selectivity (wt%)

YC2"C6 yC2.C 6 C
GHSV Methanol lsobutanol alcohols Methanol Isobutanol alcohols
2000 77.5 19.5 37.7 58.1 14.6 28.3

8000 420 49.4 140 70.1 8.2 23.3 (
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Scale-up of Cs-Cu/ZnOlAlzOJor LaPorte lsobutanol Run:

Q Work continued on scaling up the preparation of Cs-promoted Cu/ZnO/AI203 for the LaPorte AFDU
isobutanol run. In the: last quarterly report (October-December 1991), results were presented for
some advance samples of Cs-promoted Cu/ZnO/AlzO 3 received from the catalyst vendor. These
samples ranged in Cs loading from 1.1 to 1.4 wt%, loadings in the optimum range as determined in
sample preparations done at Air Products. Recall that none of these samples had an acceptable

• performance level, in terms of productivity for higher alcohols or isobutanol, and there was no clear
trend with cesium loading in the data. The vendor prepared these samples using a cesium precursor
consisting of cesium hydroxide plus formic acid at pH=7.0, instead of"straight" cesium formate,
which was the precursor used in preparations at Air Products and has a different pH. Since the pH of
the impregnating solution used in the preparation of the catalyst may have a profound effect on the

Q final catalyst performance, the low performance of these samples may be due to the pH or precursor
used.

Additional samples, now prepared using cesium formate as the cesium precursor, were received
from the vendor and tested in our microclaves. Results for testing of these samples are presented in

• Table 3.1.4. Additionally, shown in Table 3.1.5 are results for samples prepared at Air Products.

Before discussing the results presented in Tables 3.1.4 and 3.1.5, some explanation regarding the
notation used in the tables is in order. Cesium precursor denotes the cesium compound used to
promote the Cu/ZnO/AI203 substrate. "Formate (1)" denotes Alfa Products cesium formate, which

• was used in preparation of most of the samples at Air Products. "Formate (2)" is the cesium formate
used by the vendor to prepare samples; this cesium formate was chemically the same as that used by
Air Products, but from a different supplier. "Hydroxide" denotes cesium hydroxide, which was used
to prepare some samples at Air Products. In addition, three different Cu/ZnO/AI20 s substrates are
indicated in Tables 3.1.4 and 3.1.5. Ali three are the same methanol synthesis catalyst, but different
production lots. Two cesium deposition methods are also indicated in the tables: incipient wetness

Q impregnation (abbr. "incip. wetness") and a spray deposition technique (abbr. "spray"). In the
incipient wetness procedure, an aqueous solution of the cesium precursor was added dropwise to the
Cu/ZnO/AI203 powder substrate with manual stirring until the point of incipient wetness (paste
formation) was reached. The spray technique, which is more conducive to scale-up, was the only
technique used by the vendor to prepare samples, and was also used at Air Products. This technique

• involves spraying the cesium precursor solution onto the Cu/ZnO/A½03 powder substrate which is
being mechanically mixed by tumbling in a vessel. A quantity of more concentrated solution equal
to approximately tAof that required in the incipient wetness technique, is employed to ensure that the
powder remains free flowing and non-clumping. Finally, two methods of drying were employed.
The method designated "impregnator", where drying of the powder was done by heating the same

@ tumbling vessel that was used for the spray deposition technique, was used only by the vendor. For
the drying method labeled "oven", the wetted powder, after deposition of the cesium precursor
solution, was transferred to dishes and dried in a standard laboratory convection oven. After either
method of drying, ali samples, whether prepared by the vendor or Air Products, were calcined in a
laboratory convection furnace.

Q
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The Cs-Cu/ZnO/AlzO 3 samples prepared by the vendor range in Cs loading from 0.8 wt% to
1.5 wt% (see Table 3.1.4). These samples were prepared using the two different drying methods: in
animpregnatorandinanoven.The firsti3sueworthnotingabouttheperformanceresultsinTable @
3.1.4isthelargedegreeofinconsistencyintheresults,particularlyintheisobutanolandZC2-C+
alcoholsrates.Forexample,theisobutanolraterangesfrom7.2to21.8g/kg-hrfortheseCs-Cu/

ZnO/Al203samples.A secondissueisthattheperformanceofallofthesesamplesissignificantly
belowthatwhichwasexpectedbasedonresultsofsamplespreparedatAirProducts.Basedon

resultsobtainedwithAirProducts-preparedsamples,anisobutanolramofatleast25g/kg-hranda O_

ZCfC+ alcoholsrateofatleast70 g/kg-hrattheindicated"standard"reactionconditionsare
considered to be the performance criteria.

Samples prepared at Air Products were produced using ali three lots of Cu/ZnO/A½03 catalyst

substrateandthreedifferentcesiumprecursors.A largeportionofthesamplesshowninTable3.l.S •
werepreparedinanattempttoidentifywhy thevendor-preparedsampleshadlowandinconsistent
performance.TheresultsinTable3.1.5arepresentedinthreegroups,eachgroupcorrespondingtoa

differentCu/ZnO/Al:O3substrateproductionlot."lhcearlyresultsobtainedatAirProducts,which
promptedinterestinthisparticularcatalystforisobutanolandmixedalcoholssynthesis,were

obtainedon samplespreparedusingCu/ZnO/AlzO_substrateoflot#8518672,designated(a)in e
Table3.1.5.Ascanbeseen,consistentresultswereobtained,whichestablishedtheaforementioned

performancecriteriaforthiscatalyst.Inaddition,itisnoteworthythata samplepreparedusing
cesiumhydroxideprecursor(#12648-19)showedsimilarperformancetothosepreparedusing
formate.Also,a sampleprepared(#12648-30)usingthesamecesiumformatethatthevendorused
showedhighperformanceconsistentwiththeotherlabsamples.Thisresultstronglysuggeststhat
thecesiumprecursor(i.e.,supplier)isnotresponsibleforthelowperformanceresvltsobtainedfor •
thevendor-preparedsamples.

Table3.1.5alsoshowsresultsobtainedforsamplespreparedatAirProductsusingCu/ZnO/Al203
substratefromproductionlot#5535072.Thesesampleswerepreparedatl.lwt% Cs usingthetwo
different cesium deposition techniques with formate or hydroxide as the cesium precursor. As shown C
in Table 3.1.5, the performance results are consistent, but the level of performance is below that

which was expected based on the samples prepared using Cu/ZnO/A½03 substrate designated (a).
These results indicate that the particular lot of Cu/ZnO/A½03 substratc used has an impact on the
final result. One possible reason is that the surface properties, perhaps the surface acidity, of the

Cu/ZnO/ALzO3substratemay differfromlottolot,raisingthepossibilitythattheoptimumcesium (
loadingmay bedifferentdependingontheparticularlot.Surfaceaciditycanvarywithvariationof

the A½03 content of the substrate. Indeed, examination of the product distribution for the samples
prepared using Cu/ZnO/A½03 substrate (b) indicates that the cesium loading is too low for these
samples.

(

The results described above for samples prepared using Cu/ZnO/AL_O3 substrate (b) indicate that a
possible reason why the vendor prepared samples had low performance was because of differences
in the Cu/ZnO/AI203 substrate used. However, the results shown in Table 3.1.5 for samples prepared
at Air Products using substrate (c), the same substrate used by the vendor, indicate that the
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Cu/ZnO/Al203 substrate is not the culprit. The four samples prepared at Air Products using substrate
(c) showed consistently high performance, very much in line with the results for samples prepared at@
Air Products using substrate (a). Note that the 0.6 wt% Cs sample exhibits slightly lower
performance, but has a cesium loading outside the optimum range (considered to be I-1.5 wt% Cs).

The collective results in Tables 3.1.4 and 3.1.5 do not give a clear indication as to why samples
prepared by the vendor gave inconsistent and lower than acceptable performance. At this point it

Q appears that the reason lies in some subtle difference in preparation technique, an issue that can most
likely be resolved by direct interaction with the catalyst vendor's technical staff. This will take piace
early in the next quarter. Thus, scale-up of the preparation of this catalyst was not ready in time to
proceed with the scheduled isobutanol AFDU run in April 1992. The isobutanol run will be
rescheduled for a later date.

@

Lower Alcohols Recycle on Cs-Promoted CWZnO/AI20 _Catalyst:

Recycle of C)-C 3product alcohols during isobutanol synthesis on Cs-promoted Cu/'ZnO/AI203 was
experimentally investigated by injecting alcohols into the autoclave reactor syngas feed. The

• addition of methanol alone, a mixture of methanol, ethanol and 1-propanol, and a mixture of ethanol
and 1-propanol was done and the product rates were compared to the case of syngas only feed. Ali
experiments were done using Shell syngas at 300°C, 850 psig, and 5000 GHSV.

The 300 cc #1 autoclave reactor system was used for this investigation. Since this system is not
Q equipped with downstream separation equipment or recycle equipment, recycle of alcohols was

simulated by addition of alcohols to the feed syngas. Alcohol addition was done by feeding pure
liquid alcohol, or a mixtta_ of alcohols, by a high pressure syringe pump to a heated feed vaporizer.
In the feed vaporizer the liquid alcohol stream was vaporized into the feed syngas stream. Some
attempts were made to simulate total recycle of particular alcohol products. Determination of the

• pump ram and composition of the liquid stream is obviously an iterative process, since, for the total
recycle situation, the rate of addition must equal the rate of production of that alcohol or alcohols at
the reactor exit. The match is fairly close for some of the experiments reported here.

The catalyst used was 1.25 wt% Cs on Cu/ZnO/A1203 prepared by the incipient wemess technique.
The sample was reduced in situ using dilute syngas in Nr The reaction conditions used were: Shell@
syngas feed, 300°C, 850 psig, and a GHSV (based on syngas) of 5000 std. lit/kg-hr. The reactor was
run at the above conditions throughout the experiments. Periodically, the product rates were
determined for the case of no alcohol addition to gather information on catalyst stability and also to
provide a basis for comparison for runs involving alcohol addition.

@
Figure 3.1.10 shows the major product rates as a function of on-stream time for the periodic runs for
no alcohol addition. The catalyst deactivated at a slightly higher rate than that observed for samples
run in the microclave reactors. A couple of possible reasons are that alcohol addition may increase
the deactivation rate or that the new vaporizer used was not fully passivated for carbonyl production

@
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during the runs. In a previous attempt at an experiment, the catalyst sample deactivated extremely

• rapidly upon heat-up of the feed vaporizer, indicating that it was not passivated. After this previous
run, an attempt was made to passivate the vaporizer by heating in flowing syngas for several hours.
Whether the vaporizer was sufficiently passivated is not known at this time. In any case, the
deactivation rate was low enough to render the results useful.

The other point to make regarding Figure 3.1.10 is that the alcohols rates observed are higher than
• those observed in the microclave reactors. For example, after 20 hours on stream, the isobutanol rate

observed in this study was 30 g/kg-hr, compared to 26 g/kg-hr measure in the microclave. This is
probably a result of the mixing or gas-liquid contacting deficiency which is characteristic of the
microclaves, a deficiency observed in the past.

• Methanol addition to the feed was investigated. The results for this experiment, along with a run
done without methanol addition (for comparison), are shown in Table 3.1.6. The rate of methanol
addition for this experiment was less than that corresponding to total methanol recycle, actually
corresponding to the production rate without methanol addition. As can be seen, the addition of
methanol substantially increased the rate of production of ethanol and 1-propanol, while resulting in

@ only a modest increase in isobutanol rate. The ethanol plus 1-propanol rate increased by 38% upon
methanol addition, but the isobutanol rate increased by only 10%. The rate of production of ali
C2-C6alcohols increased by 22% upon methanol addition.

TABLE 3.1.6
• Addition of Methanol to Feed

Reaction Conditions: Shell gas, 300°C, 850 psig, 5000 GHSV

Rate (g/kg-hr)
Time on IIC2-C6

• Stream (hr)MeOH EtOH 1-PrOH i-BuOH alcohols
No alcohol addition 44 233 12.6 14.2 28.9 74
Alcohol addition 47 324 17.7 19.2 31.7 90
(Alcohol addition rate) 233 0 0 -- 0

!

• If the synthesis of higher alcohols occurs by a sequentialhomologation mechanism, as the literature
suggests, then the fact that methanol addition has the largest impact on the ethanol rate is quite
reasonable. Perhaps greater incorporation of methanol into products higher than ethanol would occur
at lower GHSV (higher reactor residence time).

Table 3.1.7 shows results for the addition of a mixture of methanol, ethanol, and 1-propanol; an
attempt to simulate total recycle of these three products. A fairly good match between the methanol,
ethanol, and 1-propanol production rates and the rates of addition of these products was obtained,
indicating a situation quite close to total recycle of these products. Addition of the mixture of these
alcohols results in a much larger increase in isobutanol rate than that for methanol addition alone.
The isobutanol rate increases by 60% upon addition of this alcohol mixture to the feed. The C_,
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liquid product obtained in this simulated total recycle of CI-C3 alcohols would contain an estimated
56 wt% isobutanol, with the balance of the liquid products being esters and C5. alcohols.

T_,BLE 3.1.7
Addition of Mixture of Methanol, Ethanol, and 1.Propanol to Feed

Reaction Conditions: Shell gas, 300°C, 850 psig, 5000 GHSV

.... Rate (g/kg-hr) •
Time on ZCfCs

Stream (hr) MeOH EtOH 1-PrOH i-BuOH alcohols
No alcohol addition 118 243 12.4 13.7 26.1 70
Alcohol addition 122 359 25.8 33.2 41.7 122
(Alcohol addition rate) 332 27.3 30.5 -- 57.8 @

i

The addition of a mixture of ethanol and 1-propanol, to simulate recycle of these products without
methanol, was also investigated. The results of this experiment are shown in Table 3.1.8. For this
experiment also, the rates of addition of ethanol and 1-propanol are quite close to the rates of
production, indicating that this condition closely simulates total recycle of these products. The , C
isobutanol rate increased from 24.1, for syngas alone, to 34.1 upon addition of ethanol and
1-propanol, a 41% increase in rate. This is significantly lower than the 60% increase observed for
the case of addition of methanol, ethanol, and 1-propanol (see Table 3.1.7). The reason why the
isobutanol rate is higher for the case when methanol is also recycled is probably primarily that
methanol recycle increases the ethanol and 1-propanol available for recycle. Recall that the results in C
Table 3.1.6, for the recycle of methanol alone, indicate that methanol addition substantially
increases the ethanolandI-propanolrates.

TABLE 3.1.8

Addition of Mixture of Ethanol and 1.Propanol to Feed (
Reaction Conditions: Shell gas, 300°C, 850 psig, 5000 GHSV

Rate (g/ks-ht)
Time on YC2-C6

Stream (hr) MeOH EtOH I:Pr(DH i-BuOH alcohols q
No alcohol addition 165 241 12.4 13.4 24.1 66
Alcohol addition 169 239 17.0 22.7 34.1 92

(Alcohol addition rate) 0 18.6 20.6 -- 39.2

OI
The results in the last column of Table 3.1.8 indicate that ali of the added ethanol and 1-propanol

was not incorporated into only C2-C6alcohols. Specifically, the sum of the alcohol addition rate plus
the rate of production of C2-C6 alcohols for syngas feed is larger than the production rate of C2-C6
alcohols during alcohol addition. A small portion of the added alcohols is incorporated into other
products: alcohols greater than C6 and hydrocarbons. The results in Table 3.1.8 indicate that recycle
of ethanol and 1-propanol is a technically viable means of increasing isobutanol productivity. •
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Literature Search on the Dehydration of 2-Methyl-l-Alkanols:

• We completed the literature search on the dehydration of 2-methyl-1-alkanols, in particular
isobutanol, to their corresponding olefins. A report was issued on 24 March and it is attached as
Appendix 3.

From the literature search, several catalysts were identified for lab screening evaluations. These
• catalysts include gamma aluminas, calcium phosphate (hydroxyapatite) and zirconium sulfate.

Alumina is the most widely used dehydration catalyst that has been implemented into at least two
pilot plant evaluations for the dehydration of isoamyl alcohol.

The bulk of the work in the literature has been carried out in packed-bed reactors under reaction
• conditions of 300-400°C and atmospheric pressure. A limited amount of literature describes a

+ process for the dehydration of ten-butyl alcohol using a slurry reactor.

Liquid Phase Water-Gas Shift Lab Experiments:

• In support of the AFDU demonstration of the liquid phase shift process, two experiments wcrc
performed in the lab using a 300 cc stirred autoclave. The first experiment (Run #11782-58) used
ground-up (-200 mesh) BASF K3-110 low temperature shift catalyst and the second experiment
used the "La.Porte catalyst". The second experiment (Run #11782-63) was actually a "quality
control" test of the La_Pone catalyst batch, a powder K3-110 catalyst.

O
Dilute syngas was u_d to activate the catalyst in both experiments. The activation procedure was
identical to that for a methanol catalyst as described in the finial report of a prior DOE contract,
Contract # DE-AC22-87PC90005. Figure 3.1.11 shows typical cumulative changes of H2, CO, I-I:O,
and CO2over the period of the catalyst activation. The total consumption of _ and CO was around
1.6 scf/lb-catalyst. It should be pointed out that the water numbers are not quantitative because theO
analytical equipment (GC) was not calibrated for accurate water analysis.

The activity of these catalysts are comparable. Both catalysts were _st tested for their methanol
activity using Texaco gas. The powder catalyst (Run #11782-63) seemed to have slightly higher
activity and produce more by-products. After the initial methanol synthesis, steam was introduced to

+• continue the water-gas shift reaction.

Several water-gas shift conditions were tested on the ground-up catalyst in Run #11782-58. Run
#I 1782-58B through #11782-58I include results using both Texaco gas and Shell gas as the feed.
Detailed results and material balances are shown in Appendix 4.

O

Only one water-gas shift experiment was conducted on the powder K3-110 catalyst. Run 11782-63C
summarizes the result using Texaco gas as the feed. The test suggested that the powder K3-110 has
similar activity to its ground-up counterpart, and the data obtained from both catalysts can be used to
predict the performance for the AFDU.

_O
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Task 3.2 New Fuels From Dimethyl Ether (DME)

• Overall2QFY'92 Objectives

The following set of objectives appeared in Quarterly Technical Progress Report No. 5.

• Continue modifying the mass balance (C and I-t2)for the DME to isobutanol scheme.
O

• Define a series of catalyst compositionsof one of the screened catalysts for a reactorparameter
determination in the BTRS.

• Developan octane number database for establishing a structure vs. octane number correlation.

t
Laboratory Reactor Procurement

• An existing Varian6000 GC was modifiedto act as a pulse/adsorptionreactorto studythe
reactionof dimethylether, oxygen, andmethanol with basiccatalysts.

Q
• A Managementof Change was issued to change the original PHR for the dual atmospheric

screening reactors to include the dehydration of isobutanol to butenes.

Chemistry and Catalyst Development

• Duringthis quarter,research activityhas been split between 1)the conversionof dimethyl ether and
oxygen to isobutanol, and 2) dehydrationof isobutanol to isobutylene.

CatalystScreeningfor lsobutanol

• A series of lanthanidegroup oxides were screened for the conversionof DME and methanol to
isobutanol. Pr60_, Nd203,and Eu203were active, while Sm203was not. The chemistry is outlined
in eqn. 1 or 1'.

CH3OCH3+ 2CI-I3OH-* (CI-I_)2CHCHaOH+ 21-120 (1) or
O

2CH_OCH_ -+ (CH_)2CHCHzOH+ H_O (I')al

Atmospheric pressure gas phase reactionexperimentswereconducted at 300° to 450°C with 2 or
20 grams of catalyst. The dimethyl ether to oxygen ratio was variedbetween 5:I and 50:1. Total=,

• flow ratewas varied between 5 and I00 sccm. Contact times were on theorderof I - 30 seconds.

Pr60,1powder was pressed and sieved to I mm sized particles.

Reaction studies at 300 psig were performed at 300° to 450°C with I0 grams of catalyst. The
oxygen was supplied froma I0% oxygen/nitrogencylinder.Contact dees were on the orderof I -

• 20 seconds.

-
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TABLE 3.2.1

Conversion of Dimethyl Ether and Oxygen over Basic Catalysts •

Press Contact DME Weight % Selectivity

Catalyst atm Time Conv. - i-BuOH DMET CI-_OH CO CO2 CH4

2 g Pr6011 1 I 8 0.3 0.0 30 22 28 I
20 g Pr6011 1 26 8 0.2 0.0 30 23 25 1 •

1 5 8 0.4 0.1 34 21 25 2

10 g Pr6OI1 20 13 14 0.6 2.6 24 26 23 16
10 g 5% Li/MgO 20 26 11 2.6 2.3 24 24 28 14

20 4 11 0.4 3.4 38 18 25 9

10 g 3% Sn/MgO 20 26 12 0.6 2.5 14 23 36 18 •
,,, , ,

Temperature400°C

FeedComposition:latm: 8% 02,92% DME
20atm:5% 02,50% DME, 45% N2

O

UndertheseconditionsbothDME and02wererequiredfortheformationofisobutanol.Additionof
methanolslightlyincreasedtheformationofisobutanol.ThecouplingproductoftwoDME
molecules,1,2-dimethoxyethane,isdependentuponconcentration.Thisproducthasbccnobserved
atpressuresaslowas1.5atmospheres.

O

Experimentswithanemptyreactortubeindicatedthat100% oftheCO 2and50% oftheCO
formationwasduetothermaloxidationoftheDME, eitherinthegasphaseoronthehotwallsof

thereactor.PassingasolutionofI% isobutanol/methanolthroughanemptyreactorresultedin
combustionon75% oftheisobutanol.The apparentindependenceofcatalystloadingandflowrate

on the isobutanol yield indicate that oxidation of DME on the walls or in the gas phase of the reactor •
isresponsibleformostoftheconversioninthescreeningstudies.Attemptstominimizetheseeffects
throughreactorconfigurationhavebeenunsuccessfultodate.

Concentrationofthereactoreffluentrevealedtracesofacetaldehyde,ethanol,l-propanoland

1,2-dimethoxyethane.The existenceoftraceamountsofacetaldehyde,ethanol,andpropanolsuggest •
thattheseareintermexiiatesintheformationofisobutanol.A sequentialreactionschemeutilizing

aldolcondensation/dehydrationreactionsasdemonstratedintheliteraturecouldbcformulated

(Appl.Cat,77(1991),123,andWang andLcc,J.Chem. Soc.,Chem. Comm, (1991),1760).

-H2 HCHO % HCHO •
C%C%OH--, C%CHO--,C%--CHCHO--, C C%CHO--,

I"12 %
CH ---C(CH)CHO-, (CH hCHCHO-' (CH hCHCH OH

O
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Ethanol was added to the feed so that the concentration was about 1%. Ninety percent of the ethanol
was convened at 7 second contact time; the amount of isobutanol in the product increased from

• 0.3% to 0.5% and the propanol content was measurable. At 2 second contact time 50% of the
ethanol was convened and the isobutanol content was still 0.5%, but the amount of propanol
increased to 0.5%. Most of the ethanol was converted to propanol and isobutanol, supporting the
reaction scheme above. Increasing the concentration of ethanol in the feed to 5% resulted in the
formation of many products which were assumed to be the result of cross-condensation reactions

• occurring over the basic catalyst support.

Addition of acetaldehyde to the feed produced an identical response as ethanol addition. The
acetaldehyde in the exit stream (estimated at 0.2% of the product) was the same whether the amount
in the feed was 0%, 1% or 5%. Ethanol, propanol and isobutanol yields increased with the addition

Q of acetaldehyde to the feed. Trace amounts of isobutyraldehydc and propionaldehyde were also
observed.

Addition of methanol to the feed also effected an increase in the amount of isobutanol formed. The

isobutanol yield is a maximum when the methanol in the hydrocarbon feed is between 10 and 40%.

• The addition of methanol provided a source for the formaldehyde.
t

TAB LE 3.2.2

Effect of Methanol Cofeed on the Conversion of Dimethyl Ether and Oxygen

@

MeOH: DME MeOH Weil_ht % Selectivity,
DME Conv. Conv. i-BuOH CI-130H CO CO2 cii,
i i i iii iii i i

0:I 7.7 ---- 0.28 30 23 28 1.0
• 1:8 7.9 0.0 0.45 22 27 29 0.9

1:5 7.5 0.0 0.54 14 29 30 0.8
2:3 6.4 5.4 0.45 -- 33 28 0.8
1"1 7.9 7.5 0.38 -- 25 32 0.9

i ,, ii i i,

@ Temperature: 400°C, 1 atmosphere
Feed Composition: 8% 02, 92% DME, 18 seem
2 g Pr60_1" Contact time -1 second

• The overall conversion of DME was directly related to the amount of 02 in the feed. The yield of
isobutanol was a maximum when the feed contained between 8 and 12% O2. Dimethoxyethane
formation decreased to zero when the O2content was above 12%. The formation of methanol
decreased with increase in O2 content, while the I-I20formation increased.

O
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TABLE 3.2.3

Effect of Oxygen Concentration on the Conversion of Dimethyl Ether
overBasic Catalysts •

• i-BuOH CI-I_OH CO CO 2 CH_ -------

0.24 34 24 28 3.0 O
0.29 33 23 29 1.9
0.28 30 23 28 1.0
0.14 24 26 25 0.4 ..__-----

-....--.------_- =-- _ ------

Temperature: 4000C, 1 atmosphere •
Feed Composition: O2varied, DME balance, 18 seem

2 g PrtOlt: Contact time-1 second

a. Aldol Condensation/Dehydration Reactions to Isobutanol , •

The cesium-promoted catalyst to be used in the LaPorte pilot plant for the higher alcohols campaign
was used in the gas-phase atmospheric pressure reactor to screen aldol condensation/dehydration
conditions and products. Two grams of the catalyst were reduced in a 2% H._-le stream using
standard conditions. Reactions were carried out with a 5 wt% ethanol in methanol feed diluted to •

10 and 50% in N2.Total flow rates were either 20 or 100 ccm.

Because of the low pressure, methanol conversion was complete at 300"C. At 250"C the methanol
conversion ranged between 60 and 90% depending upon the flow rate. The total ethanol conversion
was 100% at 300°C and 90% at 2500C; however, the conversion to products positively identified as ¢
the result of the above reaction scheme was much less: 15% at 300"C and 40% at 250"C.

The major hydrocarbon product at ali conditions was isobutyl alcohol; however, significant amounts
of isobutyraldehyde, propanol, and methyl acetate were also detected. Other unidentified products
were also detected. The unidentified products had GC retention times around the isobutyl alcohol

peak and were assumed to be the result of aldol condensation of the C2 and C3 aldehydes• Although C
analyses of the above results are complicated due to the activity of the catalyst, these experiments
provide a basis for comparison with other potential catalysts.

Praseodymium oxide, which was shown to be active for the conversion of DME to isobutyl alcohol,
was tested under similar conditions of ethanol in methanol. The conversion of ethanol to isobutyl
alcohol and related alcohols and aldehydes was approximately 1% in the absence of 0 2.When 5%

02 was added to the reactor feed, the conversion of ethanol was 40%, with about 30% selectivity to
oxidative addition products. In the absence of O2co-feed, reoxidized catalyst produced a similar
amount of oxidative addition products showing that adsorbed or lattice 0 2may participate in the q

reaction.
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b. Eu203Catalyst

Q
With Eu203at 400°C, 8.2% of DME reactedwith 1.1%DME going to isobutanol, 62% to CO, 35%
to COz and balance methane. Carbon accountabilitywas 90%. Hydrogenaccountability was 74%.

CatalystScreeningfor Dehydration of lsobutanol

0
Some of the preliminaryf'mdingson dehydrationare summarized in Table 3.2.4. Gas phase
conditions (flow and cat. amt.) have been adjusted to give ~1 secondcontact time in orderto
compare with the slurry phasereactor at Iron Run.A1203and Ca_(PO4)z are reasonable catalysts. To
date, the GC capillary column does not separateisobutylene from 1-butene.The molar mass
balances fromexperimentto experiment are verygood with respect to C, H, and O. At this time it

Q appears that controlling Bronstedacidity will minimize skeletal rearrangementto linearolefins. The
data in the table reflectsscreening and does not address lifetime performance.

0

0

0

0

0
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TABLE 3.2.4

Gas Phase Isobutanol Dehydration
I

i ,,, ,,, ,,

Molar Mass Balance
iii

YC_,
% Selectivity i-BuOHContact _ ,

Temp. Time % Conv. i-C,-+ at 0% r,C,= @
intry Cat. (oC) (sec) i-BuOH 1-C,= t-2-C,= c-2-C4= Conv. 1-120

i
! i i

1 AI203 250 13.7 99.2 97.5 0.5 2.0 0.94 1.0

2 AL_O3 300 13.1 100 95.5 1.9 2.5 0.81 0.88 @

3 CaHPO, 300 13.1 100 80.7 9.1 10.2 0.95 0.97

4 CaHPO4 290 13.3 96.5 85.1 5.7 9.2 0.97 0.99

5 CaHPO 4 250 13.7 19.3 86.5 4.8 8.7 0.90 0.80

6 ZrO 2 300 13.1 100 73.3 16.3 10.4 0.93 0.85 l
7 WO3 250 13.7 100 66.2 20.2 12.9 0.83 0.86 •

5 ml cat.; 10.4 cc/min N2@ 298K; 1.54 ce/rain, i-BuOH @ 298K

8 CaHPO, 325 6.2 100 81.5 8.7 9.8 0.94 0.93

9 CaHPO, 300 6.5 78.9 85.7 5.7 8.6 0.91 1.0

5 ml cat.; 20.8 cc/min N2@ 298K; 3.26 ce/rain i-BuOH @ 298K @

10 CaHPO, 325 1.2 79.5 85.9 5.1 9.0 0.98 0.94

11 CaHPO, 300 1.3 31.3 86.7 3.3 10.0 0.97 1.0

12 Ca(l-12PO,)2 325 1.2 92.1 80.4 9.4 10.2 1.0 0.99

13 Ca(H2PO4)2 250 1.4 9.4 86.1 5.0 8.9 0.90 0.71 @

14 C_(PO,) 2 325 1.2 90.9 86.5 5.2 8.3 0.83 0.90

15 Ca_(PO,)2 300 1.3 37.3 87.5 3.8 8.7 0.78 0.94

16 Ca2P20, 325 1.2 20.6 86.7 4.4 8.9 1.0 1.0

17 Ca2P20, 250 1.4 0 ...... 1.0 -- @

18 Zr_PzO7 325 1.2 100 73.2 14.9 11.9 0.98 0.98

19 ZnzP207 300 1.3 98.7 75.4 12.9 11.7 1.0 1.0

20 MgnP207 300 1.3 10.7 ...... 0.89 --

21 MgnP207 250 1.4 7.8 ...... 0.95 -- @

22 K.zHPO, 300 1.3 20.3 ...... 0.84 --

23 I_HPO, 250 1.4 0 ...... 0.94 --

1 ml cat., 20.8 cc/min Nz@ 298K; 3.26 ce/rain i-BuOH @ 298K
O

..
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3QFY92 Objectives

• Future plans for Task 3.2 will focus on the following areas"

• Continue to examine the lanthanid¢ series of oxides Pr60_ and EuzO3, in order to increase yield
to isobutanol.

@ • Examine different reactor configuration to decrease the gas phase oxidation of DME and
isobutanol to CO, COz.

• Determine the effect of calcination on Bronsted acidity of the phosphate catalyst for
dehydration.

@
• Screen sulfate catalysts for isobutanol dehydration.

Task 3.3: Catalyst Poisons Studies

• No activity iP this period.

Task 4: Program Support

No activity to report. A comprehensive study of DME, isobutanol and MTBE economics is currently
Q underway.A reportintheJunequarterlyisexpected.

Task 5: Program Management

Task 5.1 Planning and Reports

e
MonthlyreportsforJanuaryandFebruary1992werepreparedandissuedtoDOE. A draftQuarterly
ReportforOctober-December1991wasalsosubmitted.TheMilestoneScheduleStatusReportand

MilestoneLog havebccnupdatedandarcattached.Inaddition,monthlyCostSummariescontinue
tobcissuedtoDOE.

@
DuringMarch,ameetingwas heldinPittsburghwithDOE andanumberofprivateorganizationsto
organizetherunplanforaJulyFischer-TropschdemonstrationatLaPorte.The privatepartners
includeExxon,UOP, Statoil,andShellOil.Criteriaofrunsuccess,catalystrequirements,and
analyticalnce.xiswcm addressed,aswasLhcchaUengcofcatalyst-waxseparation.A runplanwas

approve.d,subjecttoShell'sinputastheycouldnotattendthisparticularmeeting.Detailsofthe
• meetingandthedecisionsmade canbefoundina report byDr.B.L.Bhatt(seeAppendix5).

®
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Task 5.2 Management Activities

DOE PETC has accepted a proposal to demonstrate Liquid Phase Shift (LPS) chemistry at LaPorte •
as an alternative to isobutanoI. There are two principal reasons for carrying out this run. First,
following the extensive modifications at the site, operation on a relatively "benign" system is needed
before we start on Fischer-Tropsch technology in July. Second, use of shift catalyst in a slurry
reactor will enable DOE's program on coal-based Fischer-Tropsch to encompass commercially
available cobalt catalysts--up to now they have been limited to iron-based catalysts which have •
varying degrees of shift activity. DOE is also supportive of continued fuel testing of La.Pone
methanol--tests of MI00 at Detroit Diesel have been going particularly wellwand are favorably
disposed to a run where methanol can be made to supplement the dwindling pool. LPS offers the
opportunity to produce methanol as the catalyst, in the absence of steam, is active for methanol

synthesis. @

The proposed contract between M. W. Kellogg and Air Products to assist in the design of a PETC
generic unit is still under negotiation. Nevertheless, technical assistance was provided at meetings in
Pittsburgh and Houston. DOE has decided to go with 6" diameter reactors for more authentic
hydrodynamic studies providing the funding for gas supplies is available. A fallback to 2" (or 4")
reactors is also recommended which will, at a minimum, provide information on catalyst activity. ,O

Methanol from I.,aPortewas used in a 100 hour engine test at Detroit Diesel Corporation (DDC).
The goal was to assess what compositional changes, if any, would need to be made in the crude
methanol product anticipated in the CCT III CoolWater project, for it to be used in M100
applications. A particular concern was the water content (--0.5 wt% on average in CoolWater ¢
product) as the preferred specification (based on chemical grade methanol) in 0.3 wt% maximum.
The LaPorte material passed the test, in DDC's new 6V-92TA 276 hp methanol engine, with flying
colors, An understanding of why, and the potential for running with even higher water levels, is
being developed with DDC.

¢

OPEN ITEMS:

None
¢

ATTACHMENTS:

Milestone Schedule Status Report
Milestone Log

Appendix 1: Design Hazards Review Report; March 1992 IBOH Run
Appendix 2: Design Hazards Review Report; April 1992 Liquid Phase Shift (LPS) Run
Appendix 3: Literature Search on Dehydration of lsobutanol to Isobutylene
Appendix 4: Material Balance Sheets for A. Run #11782-58 (Ground-up K3-1 I0) and B.

Run #11782-63 (Powder K3-110, LaPorte Batch) (

Appendix 5: Meeting Notes from Partners' Meeting in Pittsburgh, March 19 - 20, 1992.
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Page 1 of 1

MILESTONE LOG
e,

Report Date: 31 January 1992 Contract No. DE-AC22-91PC90018

Planned Actual

Ident. Completion Completion
No. Description Date Date Comments Q

1.1 Detailed Engineering and Apt 92
Procurement

1.2 AFDU Modification Oct 92 •

2.1 AFDU Shakedown Apr 91 Completed for DME
Operation

2.2 AFDU Operations Jul 93 , @

2.3 AFDU Reactivation, Stp 93 Started 5/91
De.activation, and Disposal

3.1 New Fuels from Syngas Oct 92 Started 3/91 •

3.2 New Fuels from DME May 93 On Schedule

3.3 Catalyst Poisons Studies Oct 92 Started 4/91

3.4 Catalyst Poisons Field Tests Jan 93 (
(Optional)

3.5 Modeling and Scale-up Jul 93

(Optional) £

4.1 Support to Research Oct 93

4.2 Commercial Application Oct 93

(,.'_tional) (

4.3 Product/Market Analysis Oct ! 3
(Optional)

5.1 Planning and Reports Oct 93 (

- 5.2 Management Activities Oct 93
z
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APPENDIX 1

0
DESIGN HAZARDS REVIEW REPORT

MARCH 1992 IBOH RUN

O

O

O

O
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Memorandum PRODUCTS

To: Distribution Dept./Loc."

• From' M.R. Jocsak Dept./Ext.' Project Eng./3649

Date: 27 February 1992

S,,_,o.,. Design Verification Review Report
"" .... March 1992 IBOH Run - AFDU, LaPorte, TX (ATTI016)

e
Distribution:

W.C. Allen (MC#83)
A.G. Barbieri
D.M. Brown

T.E. Conway
D.A. Kosciusko

S. DeWire (LaPorte AFDU)
E.C. Heydorn (LaPorte AFDU)
T. Hsiung/R.P. Underwood
G.A. Peters

•D.M. Herron _

E. Schaub/B. Bhatt/D. Studer

R.L. Williams

Attached is a copy of the Design Verification Review report for the
isobutanol demonstration at the Alternative Fuels Development Unit

(AFDU) in LaPorte, TX.

The schedule for performing the Isobutanol run has been delayed due to

problems in manufacturing the required catalyst. It is uncertain as to
when the run will be performed, but most likely it will be within the
next two years. This document serves to finalize the hazard review

process for the isobutanol demonstration.

Efforts are currently underway in preparation for an alternative run
this Spring at the AFDU: water gas shift (WGS) demonstration. A

separate Hazards Review will be performed and documented for the WGS
run, but since this run will utilize all of the recently installed

equipment, many of the same hazards addressed for the isobutanol run
will apply to the WGS run.

Please contact me if you have any questions or comments.
e

Michael R. Joc_

• HRJ/026

RECEIVED
e

_AR 0 2 1997

. 1510"ISSOER PROCESS ENGI N E.--RIN G

i/f/
FORM 1020_REV _,90_
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DESIGN VERIFICATION REVIEW (DVR)

Alternative Fuels Development Unit (AFDLD @

March 1992 Iso-Butanol Run

LaPorte, Texas
O

#

21 February 1992

Review Team
@

T. E. Conway Start-UpEngineering
D. M. Herron Process Engineering
M. R. _locsak ProjectEngineering
G. A. Peters PSG Engineering Safety
E. S. Schaub ProcessEngineering @

¢
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Design Verification Revie_w(DVR)
• Alternative Fuels Development Unit (AFDLD

March 1992 Iso-Butanol Run
LaPorte, Texas

21 February 1992

@
Table of Contcnt_

PageNo.

• I. Introduction.....................................................................................................1

II. Project Status .................................................................................................. 1

III. Status of Hazard Items ..................................................................................... 1

Q
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A. Process Flow Diagram

• B. 3ustification for Changing the High Temperature Shutdown SD-2 Set'points

C. MSDS - Isobutanol Catalyst
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@
E. CO2 Vent Stack Review for the Spring '92 Demo at the AFDU

F. COs Vent Stack for Spring '92 Run

@ References

1. Preliminary Process Hazards Review Report - 12 September 1991

2. Design Hazard Review (DHR) Report - 4 November 1991
-@

3. Engineering Flowsheet (P&ID) for the Spring '92 ISOBI. " '_"OL
DEMONSTRATION - ATrI016B, revision 2, January 3, /92

4. Engineering Flowsheet (P&ID) 87-7-1533, Liquid Phase Methanol, revision 15,
• 19 September, 1991.

5. FCN (to F/S 87-7-1533) #'s: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 18, 19, 20, & 30.

-_ WI60N2



O

I. E_'RODUCTION

A Design Verification Review (DVR) meeting was conducted on 21 February 1992 for

the isobutanol demonstration at the LaPorte, TX Alternative Fuels Development Unit @

(AFDU). The mn objectives are to investigate mixed alcohol synthesis in a bubble

column reactor and to study the influence of light alcohol recycle on isobutanol
selectivity.

The purpose of the DVR was to review the status of each hazard item addressed during •
the Design Hazards Review (DHR) and to ensure these items have been satisfactorily

considered during the design phase.

II. PROJECT STATUS

O
The schedule for performing the isobutanol demonstration has been delayed due to

problems associated with manufacturing a suitable catalyst. In an effort to shake down

the newly installed DCS system and GC laboratory equipment, an altemate operating
campaign is being planned for the spring of 1992. This nm will demonstrate a water=gas

shift (WGS) reaction in out Liquid phase reactor train and will utilize the recently

instaUed methanol circulation equipment. , •

lt is Likely that the isobutanol demonstration will be performed during FY'93, assuming a
suitable catalyst is available.

A separate Hazards Review will be performed and documented for the WGS •
demonstration.

Hl. STATUS OF HAZARD FrEMS

The following lists the status of each hazard item as discussed during the DVR meeting. @

C
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Memorandum OCN./ 4r "

• To: Distribution Oept./LocE"

From: O.M. Hen'on OeptJExt.: PSG-Process

Date: 18 February1992

• Subject: Justificationfor ChangingtheHighTemperatureShutdown(SD02) Set-Points- Spring'92 IBOH Demo
at theAFDU

O
T. E. Conway
E. C. Heydom
M. R. Jocsak
G. A. Peters

O

ISSUE:

ProcessandR&D wouldliketo operatethe reactorat 572 F andincreasethe hightemperature
shutdownset-pointsfor the followingdevices:O

TISH-182 21.10TubesideInlet 590 F
TSHH-190 27.10 Reactor 590 F

POTENTIAL HAZARD WHICH IS BEING PROTECTEDAGAINST:
O

1. Unexpected,violentlyexothermicsidereactionsbeingtriggeredat elevatedtemperature(
primarilythemethanationreaction).

2. Lossof coolantresultinginexceedingthedesigntemperatureof materials.

• HISTORY:

G. A. Petershas determinedthatthe installationofthe existinghightemperatureshutdowns
resultedfroma hazardsreviewfollowingan exothermin late 1983 (1). As explainedby D. J.
Silkworth (2)...

:0
"A significant inventory of an old nickelcatalystwas subsequently found to have remained in the
product cooler,which had been a componentofused equipment from a methanation pilot plant.
Nickel catalyst particles had been able to recirculatethrough the odginalfeed gas preheat
system, and undoubtedly had provided a superiorcatalytic surface for the promotion of the
methanation reaction during the December 1983 trials."

O
Following the '83 exotherm, the plant was thoroughlycleaned and accordingto Peters (1), the
high temperature shutdownswere installed. The plant was subsequentlyoperated over a two
year period without incident. The normal reactor temperature was 482 F and the maximum was
5O7F.

O
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Distribution - 2 - 18 February 1992

Accordingto Heydorn, the normal hightemperatureshutdownsset-pointsused during the LP III
contractand duringthe '91 DME Demo, were: Q

TISH-182 21.10 TubesideInlet 550 F
TISH-183 21.10 ShellsideOutlet 550 F
TSHH-190 27.10 Reactor 515 F
TSHH-312 27.14 Separator 550 F
TSHH-550 02.62 Red. Gas Heater Outlet 550 F •

Extendedoperationsunderthe LP III contractwere completedwithoutanyexothermicincident.
The normaloperatingtemperatureof the reactorwas 482 F. On at least one occasion,the

reactorwasoperated at 545 F. Q

Duringthestart-upfor the DME Demonstrationin 1991, testingfor poisonswas performedwhich
revealedextremely low levelsof ironandnickelcarbonyls. This resultindicatesthat the internals
of the plantremainclean anddevoidof loosenickelcatalyst. Furthermore,continuousGC
analysisof the gas streamsduringnormaloperationsrarelypicked-upmethane.

Q
EVALUATION:

lt ismy opinionthat the lack of subsequentexotherms,low nickelcarbonylconcentrationsduring
carbonylbum-outoperations,and lowto niimethaneconcentrationsduringnormaloperations
supportthesuppositionthat the loosenickelcatalysthas beensuccessfullypurgedfrom the
plant. Q

Inaddition,the riskof reintroducingnickelto theplantis minimalforthe followingreasons:

1. New stainlesssteel materialsusedinsyngasserviceare passivatedin nitricacid.

2. Noelectricheatingelementsare indirectcontactwiththesyngas(exceptingthe reduction •
heaterswhich have been usedpreviously,which process96% N2 4% syngas,and which
retainthe existinghightemperatureshutdowntemperature).

Finally,nickelcarbonylstendto decomposeon,and poisonthecatalystwithinthe reactor. The
presenceof small amountsof nickelinthereactor,thoughnot desirable,does not seem to be a •
majorsafetyissuesince theheat of methanationis absorbedby theslurryoilalongwiththe heat
releaseassociatedwith the major reaction.

RECOMMENDATIONS:

1. We shouldcontinueto use the hightemperatureshutdownsfor thepurposeof guarding (
againstplant upsetssuchas lossof utilityoilcoolantflow. If thisis the case, tt_ ut-points
shouldbe based on intendedoperatingtemperature.

2. Impliedin 1) is that hightemperatureshutdownsare beingretainedto protectequipment

andmaterials from beingsubjectedto temperaturesexceedingtheirdesignvalues,which is (
currently600 F at 1000 psigfor.somepiecesin andaroundthe reactor.
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Distribution - 3 - 18February1992

• 3. Concernforthepresenceof loosenickelintheexistingplantshouldnotbe thebasisfor
establishingshut-downsetpoints.Rather,it shouldbedemonstratedthattheadditionof
newmaterialsandequipmentdoesnotinadvertentlyintroducecatalyticmaterials.

4. Anexceptionto3) isthehightemperatureshutdownontheelectricreductiongasheaters.
ThecurrentsetpointforTISH-550(basedonLP III)shouldbe retainedunlessthe

• exchangerissubjectedto a controlledtemperature-rampingdemonstration,ltmaybe
usefultoperformthisworkfollowingtheupcomingrun.

5. Wheneverwebringa pieceofequipmenttoa newelevatedtemperature,thetemperature
shouldbe rampedina cautiousandcontrolledmanner.

Q
6. Specifictotheupcomingrun,theset-pointsforTISH182,andTSHH190shouldbe

increasedto accommodatethenewnormaloperatingtemperatureof thereactor.The
alarmandshut-downtemperaturesshouldbeasnear572 Faspossibleanddefinedby
operationsto allowforsmalltransients.

D. M.Herron

0

1) G.A.PeterstoAFDUHazardsReviewTeamMembers,"CriteriaforHighTemperature
Alarms/ShutdownsontheLaPorteAlternativeFuelsDevelopmentUnit', 7 November1991.

2) D.J.SiikworthtoD.W.Studer,"LPMEOH- PartI!1,87-7-1565,HazardsReview",28 March
• 1988.
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• MATERIAL SAFETY.-i eAsFCorporation L;nemicals Division •
• o 100.,... =,,00,,000 BASF

/: DATA SHEET
lt /

m • -- • ill i i I,L i |" I=

PP.ODUCTNUMBER: e2ea31 BASF Catalyst S3-11B Rodffied W/CS

i

TRADE NAME: BASF¢_t=lyst S3-|B
• L i i . i .i ml ii, i ,.. i=i = , i |

CHEMICAL NAME: CoUNt 0xi=le Catalyst
i i i Iii

"SYNONYMS: Low p_essure I_et_nol FORMULa' N/A
$ynthes I s Catslyst •

j i | i .. ,=..,, .i illl= i

CHEMICAL FAMILY: Het=_leneous ¢_talysts MBE WGT.: N/A

_:_!!i!iii_!i!!!i;i;!;;!:i!i:ii_i_!i_i!i!_;,:,ili;:)!;:!!ii!iii:!ii',!;;ii;;!!i!iiii! }i_;_i.SE_T_N_::_::;_!;i_!|NGRED_ENTS.;_i);ii:_i;_i_!i_ii_:i_i!!i!!;;ii;;_,;;iiiiii;;;;i;i:,ii;;,::i!i;:_i:,i;;;::::

COMPONENT CAS NO. % PEL/TLV - SOURCE
. i iii, i . ., ,.i H H i iii i,, . i -- e

BASF Catalyst S3-11S 100 Not est&lBl 1shed

Go1:_er 0xt_e 131T-36-O 01.8 1 rag/m3 as Cu ACGZH, OSHA
(Trans/F t nal )

Ztn¢ 0xtcle 1314o13-2 21.0 B ig/m3;lO rag/m3 STEL ACG%H
S ag/m3 OSHA (Tl-sns/Ftnal)

Alumina 1344-211-1 4.1 10 _i/m3 ACGZH
$ I_/m3 OSHA (Trans/Final) , (J_

Vator 7732 - 18-5
Grapl_tte 77112-42-5 2.5 IU/m3 ACG_H 0SNA Final

20 lapper OSHA (Trans)
Cesium Oxide 20281-00-9 1-1.5 .2 mu/m3 TNA. as Cesium

.*,11 components " "_ tn TSCA tnvento,y. .
SA_A Title X:ZZ ,-%at. 313: LtStl¢l.

(

B0ZL%NG/MELT_NG P0ZNT e76o mm Hg: N/A I_1: -6.S (100 9/i water)
i . , |= ,, | i, n i , , i (

VAPOR PRESSURE lm Hg 1120 C: N/A

SPECZFZC GRAV%TY OR BULK DENS%TY: 13OO kg/m3

S01.UBZL%TY ZN WATER: 0.1 g/1 P 20 C Golor:Dk. ir_n_n

APPEARANCE Powder ODOR: None ZNTENSZTY: N/A

!

FLASH P0%NT (TEST NETHOD): N/A J _XI'0ZGNZTZON TEll: N/A
ii i i J i ii i ii i

FLNh_UIZLZTY LZl4ZTS ZN AZR (I; BY VOL) LOVER: N/A UPPER: N/A
L ,, I I ' I ,1 . , .. 11 ,. 11 ,. 11

EXTZNGUZSHZNG Use _tir _o_1, a1¢o_1 fo_ or city r.l_iitcal emtlngutsntn_ (
NEDZU_4 mmclts.

i li li i i r i Iii I I 1l' ' •

SPECZAL ! _ir_fIghtorl lhO_l=l bi equipped vitl_ self-contathtcl
F%REF%GI,TT%NG _ -,-_ltl_tn_ sq_arstus and tuPnout psr.
PROCEDURES

U_USUAL_'RE " _n=. ...................
I

mo EXP_0SZ0N
t.uc_os.... ! •

i!i:,_i:i_i*,:i_i!_!!;!ii_:i!!i_:i_:i;i_:::i':!_i:ii':_!:';!!i_:'__:_i!i_i_!!ii':ilEMERGENCY 'TELEPHONE NUMBER i_i:_:i::_':ii::.... ***_
..,, ,, . • i "1" " '"' " ' ' ' ' iii ' :

CNEMTREC B00-424-9300 201-316-3000

THIS NUMBER XS AVAILABLE DAYS..:.NIGHTS, VEEKENDS.AND I,IOL_&.Y$ .. .

o,_==_2=_ PAGE 1 OF 4
_m



EFFECTS OF OVEREXPOSURE:

_tact with the peatier or 1ts =lusts may result tn acyl.rate |rrttatton of the
9) eyes anti =sol, anita1 Irritation of the skin. %nhatatton of dusts causes

respiratory Irritation, C_rontc overexposure to copper ¢ompouncls can 1aecl to
anemia, a_l =lavage to the l trot, ktclneys, lungs, ar_l sl:lean. G=mm-elumina, a
form of aluminum ox|as, ras ftl=r_>gentc vhen injected Into the lungs of
animals; hey.veP, alumtnum oxide has not teen tmpltcatecl as a cause of lung
cltsaase tn humans. %rV_alatton of ztr== fumes may cause "metal fuel fever".
Symptoms of mta1 fun. fever tnclucle metallic taste, dryness, ar_i irritation
of the throat, difficult IDreathtng, _akness, fatigue, and fever. Tl_trteen of

O nineteen _ers In a zinc I:_r factory _re r_:orted to exhibit
Inflammation of the upper respiratory tract after 2-3 years of employment.
%ngestton of ztr¢ oxtOe povOer may cause gastric ¢ltsturt=ances.
Extsttr_g mecltcal concltttons aggravat_l by exposure to tt_ts material:

No tnfor1_atton fOuncl for tl_is mixturl.

FIRST AID PROCEDURES:

Eyes-Immcltately wash eyes with runntng water for 16 minuteS.Zf irritation Oevelops, consult a pt_ystctan.
Sktn-Vasl_ affected arias wttl_ soap and water. Remove and launcler

contaminated clothtng before _se. %f irritation Oevelops,
consul t a pl_ys t ¢i r.r,.

J %ngestion-%f swallove¢l, _iiute wf, _ water'a,_ ,....';.,¢_' ir_lu'.-.;
vo_l|tir_g. Never give flu|(:ls or incIgcI vofntt|ng |f the victim
ts urconscious or havtn 9 convulsions; Get tmvecliate emcltcal
attention._

Znl_tlatton-I_ove to fresh air. Aid in bremthl N, if necessary,
ancl get tmmecltate emcltcal attention.

..... V l - REACTIVITY ...
STABILITY: sta= _e.

CONDITIONS TO AVOID: N/A

CHEMICAL INCOMPATIBILITY: N/A

HAZARDOUS DECOMPOSITION PRODUCTS: N/,

HAZARDOUS POLYMERIZATION: Does net _r
CONDITIONS TO AVOID: N/_

CORROSIVE TO METAL: No OXIDIZER: No

i  i.iii:/: VII - SPECIAL::PROTECTION
RESPIRATORY PROTECTION:

-) %f =uses are generated, u_ar a NX0S_I/_ _rov_l =lust =ask.

EYE PROTECTION: c_Ical 9oggles or sioe-s_lelcl safety glasses.

) PROTECTIVE CLOTHING: Groves end protective clothir_ eS necessary to prevent_ sk I n ¢ontact.

VENTILATION: Local exhaust r_lK_rm: to control to P.E.L.

OTHER: Clean clotl_tng shoul= be uorm cLtily.
$1_over af ttr i_al_i ing.

) o,_0_, ._ PAGE 2 OF 4
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BASF Cata1_st S3-|0 ModifiedW/CS

PRODUCT NUMBER: 120131 :i II ; II::IENVIRONMENTAL D• < ............... ..... "..... e

ENVIRONMENTAL TOXICITY DATA:
None arsila=lm.

SPILL AND LE ',EDURES:
• Spills sl_ul¢l be contained and placecl tn mj|taDle containers _or cllsposal.

Tl_ts euitortal ts not t_iluleto¢l unOer' RCRAor CERCLA(,Superfund'). _

HAZARDOUS SUBSTANCE SUPERFUND: No RQ (IHEP.
tASTE DIS_ THOD:

Landfill tn • licensed facility.
Do not dtscPmrge into waterways or smr lystm without proper luathorlty. e

ARDOUS WASTE 40CFR261: No HAZARDOUS WASTE NUMBER:

CONT A_P OSAI_
Dispose of tn l|censecl _actltty.
Recomman¢lcrusl_(r_i or DriVer mane to pPevont unauthortzed reuse.

............ . ..:... .... ..:.............,.............' ......._T_:_:_;::!::_!:;:_:_!_!_i:ii_i!;!_i!_:_:`:_;:_;_:_:_._::_:!_:_C_:_::_:_:.:_i_;_.........._L.:i:."

D.O.T'. ....... -" (49CFA_HAZARDOUS SUBSTANCE

None

- IREPORTABLE QU_,,.:TITY (RO) N,'A

• D.O.T. HAZARD CLASSIFICATION (CFR 172.101-102) SECONDARY
PRIMARY None

None

D.O.T. LABELS REQ_49CFR172.1_DO.T PLACARDS-"_--'I_.PQISON CON_IREQUIRED (CFR 1-72.B04) I(49CFR 172.203{K))

m,m,mmm_mmmm

BILL OF LADING DESCRIPTION

Chemic=lE, NOIIIN (Not Regulmte¢l By D.O.T.) £

WHILE BASF CORPORATIONBELIEVES THE DATA SET FORTHHEREIN &RE ACCURATE
AS OF THE DATE HEREOF• BASF CORPOR&TIONMAKESNO WARRANTYWITH RESPECT
THERETOAND EXPRESSLYDZSCLAIMSALL LIARZLITY FOR RELI&NCE THEREON. _1
SUCHDATA ARE OFFEREDSOLELYFOR YOURCONSIDERATION,INVESTZ_ATZON,
AND VER|FICATIDN.

e
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Memorandum

To: J.C.Tafuri Dept./Loc.:PSG EngineeringTechnology @

From: D.M. Hen'on ,_"_""'_- Dept./Ext.: PSGProcessEngineering(4765)

Date: 18February1992

Subject: LaPorte AFDU Operation in theSpring of 92 - Materials Review •

c: T.E.Conway •
E.C.Heydorn
M. R.Jocsak
(3.A.Peters

O

LastyearIhadaskedyoutorsviewtwophaseseparatorsandoneheatexchangerforfimess
ofservice.We hadintendedtousethe22.14,22.18and21.38inservicewherethenormal

and/orupsettemperanncswer_belowthatwhichwas originallyintended.To review:

Imm NormalTcmpcratm_ UpsetTemperature H

22.14 0°F "/0°F
22.18 80°F "20°1:
21.38 O°F "70°F

¢

You had previously _,rmined tha_ these items wcm_fit for use under these conditions for
two, nominal two week runs. Low tcmpcraru_ shut-downs were incorporated in the dcsi_
and operation of the plant.

The firstuseoftheseitemsin"low"tcmpcr_mmservicewas completedinMay 199I.The

temperaturecontrolofthe22.14was verystableandneitherthe22.14northe21.38were q[
subjectedtommpcr_mms below0°F.On oneoccasionthe22.18wasmanually
dcpmssurizedtonear-atmosphericpressu_;derailsoftheeventm'cnotdocumentedbutitis
possiblethatthetempcrantrcinthehealof the22.18may havexcached-20°F(at
atmosphericpressure)forashortperiodofdme. q[

As partoftheHazardsReviewforanupcomingrun(scheduledtobeginearlyAprilthis
year)Ihavebeenaskedtoletyouknow thatwe inmndtousetheseitemsagaininsimilar
service.Normalconditionsa._thesamewhilethepomnfialupsetconditionsresultinless

cooltemperaturesthanprevious.Inaddition,theprobabilityforarepeatofthe22.18

depressurizationeventismuch lowersincethisvesselwillalwaysb¢operatedatnear- q
atmosphericpressure.FoLlowingthisrun,thesepiecesofequipmentwillbepermanently
rcconi=igu_dandplacebackintohighteml)cram-_service(foranotherrunscheduledinluly
of thisyear).

q
_ la_cmL'v,el@



O

J. C.Tafuri - 2- 18 February I992

O

I will stop up to discuss the use of these items in the upcoming run. A written response is
not required unless you wish us not to proc_d as indicated.

O

O

O

O

O

O

O



To: G.A. Peters Dept./Loe,: PSG-EngrSafety

Q
From: D.M. Hen'on DeptJExt.: PSG-Process

Date: 11 February1992

Subject: CO2 Vent Stack Reviewfor the Spring'92 Demo at theAFDU •
, , , , ,1, ,, ,,, ,,,

Pc:
T.E. Conway
E.C. Heydom
M.R. Jocsak •

Forthe purposeof completingthe hazards review, we need to reviewthe C02 vent stack.
To summarize,two casesneed consideration:

1. Releaseof CO2 duringnormaloperations,and , •
2. Release of syngasduringthe21.80 tube-ruptureevent.

Currently,the designmax CO2 ventflowis833 Ib/hr;the designminimumis 685 lh/hr.
Both these flows fall between the minimumand maximumflowswhichwe examinedlast
time(299 to 1128 Ib/hr). •

Ca.ls2c
I've lookedat 8 differentsubcasesforthe tube ruptureevenL The resultsare tabulatedin
Tables 1,2 & 3.

O
Table 1 showsthe assumptionsmadeto arriveat each of the subcases.The maximumvent flow
occurswhen syngas blowsintothe 21.80 shellandvaporizesCO2. The two casesyoumay want to
focuson are 1 and3.

Table 2 showsthe flowsand compositionforthe release throughthe 3" vent;Table 3 showsthe flows
andcompositionfor the releasethroughthe 1" vent (assumingthe PV on the 21.80 isfullyopen). •

Please take a looktheseflowsand make an operatingrecommendation.

£



SUMMARY.XLS

O

TABLE 1: KEYTO THE DIFFERENTCASES

i i i i iii i.|l

• .CASE 1 2 3 4 5 S 7 e

Syngas mroughTube? Y Y Y Y Y Y Y Y
Mtlttat_ _roughTube? Y Y Y Y

Syngasmixu wfl_1CO2 Liquid? Y Y Y YY Y
Ll_l_anol mixeswd_ CO2 & Syngu?
.pv-692(evLr__ratorw,nt! v-;d;Ooen? Y Y _ Y Y

e
TABLE 2: RELEASETO THE 3" VENT

i i

CASE ' I 2 3 4 5 S ,,, 7 8

F_w _Mv e132 _0 1075o 10_0 8o7o s420 10_91 107oo
• Ibmole/ht 370 385 3_ 375 367 383 373 381

TemperauJm F 170 170 -20 -20 170 170 -15 -15
Pressure J 17.5 18 17 17 17 18 17.5 17.5
IVt_eWt - 22 22 29.2 292 22 22 28.1 26.1

MW lh/ft3 0.057 0.0_ 0.105 0.105 0.055 0.059 0.103 0.103
Cp OT1J/tb-F 0.35 0.35 0.35 0.35 0.38 0.35 0.35 0.35

0
comm_n rn_'/,

H2 26 28 16 18 28 26 22 22
co s7 67 -- . 67 (;7 _1 41
CO2 7 7 38 38 7 7 37 37

HHV BTU/rbmole(TTF) 113529 113529 75_84 75a84 113529 113529 76961 76961

e
PipeID In 3 3 3 3 , 3 3 3 3
Tip V_:_tv tt_-_ _ 817 _ 5gO 825 813 575 588

TABLE3: RELEASETO THE 1" v-Bcr

i __ i

1 2 3 4 5 7 8• CASE

Flow lh/ht 10078 13370 10005 13006
Ibrnole_r 458 458 455 463

Teml:ecature F 170 -20 170 .15
Pr_. j 170 170 170 170

• IvloleWt . 22 292 22 28.1
o,ns_, sMa o.s.'_ 1.o_ o..'_ lOOl
cp BTUAb-F 0.35 0.35 o._, o._

H2 26 18 28 22
CO 67 44 67 41

• co2 7 38 7 37

HHV BTU/rbmole(77F) 113529 756_4 113529 76961

Pipe lD il 1 1 1 1
927 647 i 921 662n: v¢,_v f_.ec , ,,

III
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e
• SUMMARY.XLS

TABLE 4: REL.E,kSEPREDIC_ONS W1THOUTMETHANOLFLOW 9)

KEY
TimeInw _e went (see)

mm Vm:* _m_y in_e _t ph)

I_m Ptantprlal.n (p_) _,
flow Vaporlow into_e 21.80(lh/ht)
writ VapOrnow= b'_ vtnts pl=rtr)

r_ =;td Netvo_ of _ soloedto the21.e0 (_)
totici Cumula_ _uld voM_= in21.50 (m)

e

e
w

CASE 1 =t
ume mass ix== flow vqmt tkqadd ki

0 905.3 101.'5 10210 18210 0.00 18.53
53 702.0 788 14150 14150 0.00 18_3
7S 631.8 700 12,.r_ 12_0 0.00 1053
07 6o6.8 600 77W T/S0 0.00 1853

191 4,54.9 S10 5720 8720 o.o0 _e,53 Q
318 330.9 371 3830 0.00 1853

CASE3 ,qadd =t_
time mass ixm flow vent

0 906.3 1015 8460 84a0 0.00 18_
79 767.9 661 7160 7180 0.00 _0..¢1 C

201 601.2 674 56_0 5600 0.00 :8 53
212 594.9 66"/ 838 _ 0.00 _i S3
384 594.9 6o'7 635 _ 0.00 _8 53

CASE 3 Ik_=¢Xl =t lm
time _ pr_ now _t OI

0 869.8 975 11670 24150 0.00 _8
63 718.9 606 9210 20260 -3.19 _883

122 607.4 681 7770 17100 -5.75 _8 3ai
128 599.4 672 4825 10620 .S.94 ' 2.'711
308 4.49.5 804 3585 7820 -9.82 _2 t
522 3282 368 2710 5310 -12.94 1 71 9)

CASE 4 ik:laO¢l to(lm
lime mass pew fkM writ

0 969.8 975 5290 10950 0.00 ' 183
148 726.0 814 4210 9270 -3.40 _il53
321 597.6 670 3480 76,,=O -6.90 _S13

329 594.9 667 838 1700 -609 _173
384 _4.9 6o'7 836 1709 -7,o9 _tM

Page2
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SUMMARY.XLS

e

TABLE 5: RELEASEPREDICTIONSWITH METHANOL FLOW

e
KEY

_me _me in= e_eevent (sac)
mass VaporVwenmrym¢m p_t (hb)

pres Ptantpressure(psia)
flow Vaporlow inlothe 21.80(Ib,'hr)
vent Vaporflowto mmvQnm(Ib,'hr)

O Ik:lacid Netvott_ of liquidaddedtotz_e21.80 (f13)
totIk:l C,_u[,l_m lk:luidvolumein21.80(ft:3)

e

CASE 5

• zlme mass pros Ik_ vent Ik:ladd tot

0 905.3 I015 18075 18075 0.00 18.53
52 709.1 795 14175 14175 1.73 20.26
77 630.6 707 1257_ 12570 2.58 21.11
86 611.0 685 7"760 7"760 2.86 2!39

190 457.6 513 5720 5720 6.36 24.89

O 317 333.6 374 3830 3830 10.61 29.14

CASE ,I
_rno rna_ pr_ flow vent i'¢1add tot

0 905.3 1015 8420 8420 0.00 16.53
79 769.7 863 7180 7180 2.63 21.16

(lP 198 604.7 678 5600 5600 6.63 25.16
214 595.8 668 635 836 7.14 25.67
475 595.8 r_ S3S 836 15.88 34.41

CASE 7
time rr_ I:_ flow v_z ltqadd totliq

• 0 869.8 975 11350 23495 0.00 le._
60 725.1 813 9660 20000 -1.35 17.18

117 611.9 688 8155 16880 .2.20 16.33
122 604.7 6711 49_O 10620 -2.22 16.30
300 452.2 507 3640 7820 -1.40 17.13
522 _oo _70 2_o _ 0.97 _gr_

• CASE6
tirrm mm I_m flow vent liqadd totI_1

0 869.8 975 5170 10,"00 0.00 18._
155 716.9 _ 4370 9040 0.61 19.14
306 600.3 673 3650 7550 1.72 2025
316 59_.6 _e, _ 1700_ 1.92 20.4,5

O 47b 59:.8 568 338 1700 5.37 23.90

Page3
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pRDDUCTS

EMORANDUM

'o: D.M. Herron Dept: PSG Process •

Tom: G.A. Peters Dept/Ext: PSG Engineering Safety/812?

)ate: 17 February 1992

;ubject: CO= Vent Stack for spring '92 Run - LaPorte AFDU Q,

tc: T.E. Conway
E. C. Heydorn
M. R. Jocsak

O

I have reviewed the CO= vent_ s_ac_.Aatl__ruLru___99AF2D_fr°yothurerr_:_?
_-_ _nt to me in your memu _=_ ....... "----__ the

_4na e release information prov% -,._.___. e S tin i_2
:__T_ _ ack will nc,t requlre any m_ou;;:==_;ons for p_ P _g feet
....... __t ----------,_ have been Derzormecl for a 5=au_ _-_ _- .0
Euns. T1_e calcul_=_=, ......

above the top operator platform.

Attached is some documentation supporting my _nclusiO:sJ_traC_etll. • rformed on the _= _-
includes the dlsperslon .run.sPe __ _ _--Id not slump onto

The dia ares Inalcaue_una= Laa_ __=___----- . ent 2 isstack, gr ......... -- _es vuu Drovlded. Attachm

a _a_h of TJ_e raaza_un _n___. - _ le radiation-=- _. -_ our memo. The acceptab :
as aeflned _n cases 1 and 3_or.y __ _...._- -_iahtlv in excess of th¢s
- - "- -^^0 BTU _-ft=- Ra_lar-_on _v=_ -_ _ a....... s
level l_ _uv I_. ......... --_e _latform if the release u=uu_ ,

be resen_ au une =p_ ---,---.r and an
level may P .... "- ='owlnu toward the platform,

1 i ites, nne wlnu _s =_ _ _ • •
the mater_a gn -- _ ---_ w made a commitm:,nt to l_m_t _
o ator is present. . •
per . _- _- _-- -latform durlng operation of the AFDU. ¢:a_or access ro un_ _u_ _ . .

oper . _-__ __-.._ _ enforced durlng the Sprlng 1992 runs.

I will be glad to provide any additional information on this issue.

(

G. A. Peters



®
Buoyant Jet Model -- JETX

LAPORTE AFDU CO2 VENT (fin)

MAX. CO2 RELEASE CASE FOR SPRING '92 RUN (833 Ib/hr)

MDOT,Ib/s D,in MW LEL UEL
0.23000E+00 1.00000E+00 44.00000E+00 5.00000E-03 0.12500E+00

• UW,ft/s T0,deg F GAMMA(0) RHOO,Ib/ft3 STABILITY
1.00000E+00 -6.50000E+01 89.99900E+00 0.15261E+00 6.00000E+00

DS 1/Fr No. Ta,deg F UO,ft/s ALPHA 3

0.50000E+00 3.51087E-05 70.00000E+00 27.63295E+01 1.00000E+00

MOLE FRACT TUEL,sec Z,ft X,ft MEX,lbs
0.12404E+00 2.09859E-02 51.72908E+00 1.45380E-02 0.00000E+00

• MOLE FRAC TLEL,sec Z,ft X,ft MEX,lbs
4.96478E-03 9.66173E+00 85.72976E+00 20.95962E+00 2.21737E+00

GAMMA,deg S,ft U,ft/s B,ft Ho, ft
-1.78162E+01 48.06250E+00 1.i1327E+00 13.29287E+00 50.00000E+00

Isopleth Area, ft2 = 0.00000E+00 at Z = O.00000E+00
The Program Date is: 24 April, 1991 - Version 6.7

• 188 Buoyan% Je% Mode I - JETX.884SS-_
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O

Buoyant Jet Model -- JETX
LAPORTE AFDU C02 VENT (lin)

MIN. C02 RELEASE FOR SPRING '92_UN (685 Ib/hr)

MDOT,Ib/s D,in MW LEL UEL
0.19000E+00 1.00000E+00 44.00000E+00 5.00000E-03 0.12500E+00 •
UW,ft/s TO,deg F GAMMA(0) RHOO,ib/ft3 STABILITY
1.00000E+00 -6.50000E+01 89.99900E+00 0.15261E+00 6.00000E+00
DS 1/Fr No. Ta,deg F UO,ft/s ALPHA 3
0.50000E+00 5.14474E-05 70.00000E+O0 22.82722E+01 1.00000E+00
MOLE FRACT TUEL,sec Z,ft X,ft MEX,Ibs
0.12403E+00 2.54115E-02 51.72905E+00 1.76278E-02 0.O0000E+00
MOLE FRAC TLEL,sec Z,ft X,ft MEX,lbs
4.95460E-03 10.93143E+00 77.40084E+00 21.69444E+00 2.07214E+00
GAMMA,deg S,ft U,ft/s B,ft Ho, ft

-3.08401E+01 44.54167E+00 1.22100E+00 II.68291E+00 50.00000E+00

Isopleth Area, ft2 = 0.00000E+00 at Z = 0.O0000E+O0
The Program Date is: 24 April, 1991 - Version 6°7 Q

1OO Buo_ani Jel Model - JETX. OO495-D+ .....
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APPENDIX 2
O

DESIGN HAZARDS REVIEW REPORT
APRIL 1992 LIQUID PHASE SHIFT (LPS) RUN

O •

O

O

O

O

O
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Memorandum PRODUCTS

To: rli e+ _-H".-,,,+i r,r, Dept./Loc4,.' .l. ',,.' _" _ .bm,,° ".8 _" .b '." • _,

From: M.R. O::,cs_k .,-}4, Dept./Ext.: Project Eng./3649

Date t 3 March t 992

Subject: Design Verificat.ion Review Report
@ April 1992 Liquid Phase Shift. (LP:J) Rut,

Distribution"

W.C. Allen (MCS83)

@ A.G. Barbieri
D.M. Brown

T.E. Conway
E.C. Heydorn (LaPorte AFDU)
T. Hsiung/R.P. Underwood

G.A. Peters _
@ D M. Her#on ...'p/C_ .

E Schaub/B. Bhatt tudor
R.L. Williams

Attached is a copy of the Design Verification Review report
@ for the Liquid Phase Shift (LPS) demonstration at the

Alternative Fuels Development Unit (AFDU) in LaPorte, TX.

Most of the hazard items have been satisfactorily addressed
and included in the plant design and/or operating
procedures. The status of all action items will be reviewed

@ during the ORI-Safety Audit.

Please contact me if you have any questions or comments.

@ MRJ/029

@

RECEIVED

@ MA_.iB i992_

PROCESSENGIr<EERING

1_0"I000_0
:Cm_., '._27 .a='Va .aC'



O

i

O

O

DESIGN VERIFICATION REVIEW (DVR)

Alternative Fuels Development Unit (AFDU)

April 1992 Liquid-Phase Shift (LPS) Run •

La.Porte, Texas

11 March 1992 ®,

0

Review Team

T. E. Conway Start-Up Engineering •
D. M. Herron ProcessEngineering
E. C. Hcjdom OI_rati°ns
M. R. Jocsak Project Engineering
G. A. Peters PSG Safety Engineerin$

O

O
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Design VerificationReview (DVR)
• ' Alternative Fuels DevelopmentUnit (AFDU)

April 1992Liquid PhaseShii'_(LPS)
I.aPorte, Texas
11March 1992

• Tableof Contents
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• I. Introduction..................................................................................................1

II. StatusofHazardItems..................................................................................1

O
References

I. DesignHazardsReviewReport(DHR)-3March1992(I..PS)

Q 2. Engineering Flowsheet (P&ID) for the Spring '92 LiquidPhase Shift
DEMONSTRATION- ATT1016C, revision 1,March 10, 1992

3. Engineering Flowsheet (P&ID) 87-']-1533,Liquid PhaseMethanol, revision 15,
19 September, 1991.

• 4. FCN (toF/S87-7=1533)#'s:31,32,& 33.
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I. INTRODUCTION

A Design Verification Review (DVR) meeting was conducted on 11 March 1992 •
for the April 1992 Liquid Phase Shift (INS) run.

The meeting was conducted by fLrstreviewing the Rev. 1 P&ID and preliminary
FCI_s and then addressing hazard items. Ali of the hazard items identified for
the iso-butanol demonstration were addressed and a determination was made as to •
their relevance to the LPS run. In addition, several new hazard items were
discussed.

III. STATUS OF HAZARD ITEMS

O,

The following lists the status of each hazard item as discussed during the DHR
meeting.

O
#

O

¢
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APPENDIX3

e LITERATURESEARCH ON DEHYDRATIONOF
ISOBUTANOLTO ISOBUTYLENE

O

O

O

O

O

O
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Memorandum

O

To: T.H. Hsiung Dept./I.zx:.: PG&E Research/Iron Run

From: B.E. Latshaw Dept./Ext.: PG&E Research/3995

@ Date: 24 March 1992

Subject: Literature Report and Related Information - Dehydration of Isobutanol to Isobutylene

• cc: D.M. Brown R.P. Underwood
T. W. Copeman F.J. Waller
D. M. Herron

SUMMARY:

A thorough literaturesearch was performed to obtain information on the dehydration of
• isobutanol to isobutylene. Because of the limited information available on this particular '

reaction, the search strategywas broadened to the dehydration of alcohols to alkenes with
special interest in obtaining information on the catalyst, reactortype, and reaction conditions
used in the work. Work on thedehydration of ethanol was not included becaus¢ of the lack
of correlation between the mechanisms followed for the dehydrationof ethanol and

• isobutanol, i.e. isomerization is an important factor for isobutanol.

A number of catalysts have been used in the literature to study the dehydration of alcohols to
alkenes. These catalysts can be divided into four groups: aluminas andmodified aluminas,
zeolites, metal phosphates andsulfates, and oxides. Alumina has been the most widely used

• dehydration catalyst and has been implemented into at least two pilot plant operations for the
dehydration of isoamyl alcohol. From this information, it appearsthatthe catalysts best
suited for the dehydration of isobutanol would be a treated aluminaor possibly just a less
pure gamma-alumina, a phosphate or sulfate modified zirconia, or a calcium phosphate.
These catalysts were specified because of their inactivity for producing the butanol isomers

• during the course of the reaction. The reaction conditions obtained from the literature
indicate temperaturesranging from about 300 to 400 (2 and pressures around atmospheric.
The thermodynamic calculations for the dehydration of isobutanol show thatthe reaction is
endothermic and therefore, requiresthe higher temperatures in orderto obtain a reasonable
conversion. According to the literature, the majority of the work has been performed in
packed bed reactors; however, a limited amount of literature has been found which describes

@ a process for the dehydration of tertiary-butyl alcohol utilizing a slurryphase reactor.
Attempts are being made to obtain more information on this matter, lt was difficult to make
any reasonable conclusions in regard to the catalyst life expectancy, lt appears that the
occurrence of side reactions which lead to carbon formation on the catalyst surface should be
inhibited by the absence of strong acid sites.

O



INTRODUCTION:
The dehydrationof isobutylalcohol to isobuteneis animportantreactionbecauseof theuse
of isobuteneas a feed stockfor theproductionof methyltertiarybutylether(MI'BE). Since @
it hasbeen shownthatisobutylalcoholcanbe successfullyproducedfromcoal derived
syngas, the nextstepto theproductionof MI'BEis to develop thedehydrationprocessof
isobutanol. A literaturereviewof the dehydrationof isobutylalcoholhas been conducted;
however, theredoes notappearto be a largeamountof informationon this specific reaction.
In regardto this fact, anexpandedview of theliteraturewas undertakento obtainany
availableinformationon the dehydrationof alcoholswith a similar carbonstructure,i.e. 2- @
methyl-l-alkanols. The desiredproductof thedehydrationreactionis isobutene(2-methyl-1-
olefin), butit is quitepossibleto obtainall of the buteneisomers. Thus, a catalystand
reactionconditionsneedtobe determinedwhichwill give isobuteneas theprimaryproduct
andinhibit to a largeextentany isomerizationfromoccurring.

@

DEHYDRATION REACTION:
Since thedehydrationmechanismis undoubtedlya functionof both thestructureof the
catalystas well asthe structureof the alcohol,asingle reactionmechanismcannotbe
established. Accordingto the literaturethough,aluminaappearsto havebeen the most
widely used dehydrationcatalystandtherefore,themostwidely studied. In orderto obtain @
some insight intothe reactionmechanism, informationwill be presentedon the dehydration
of alcohols overaluminawithspecific referenceto isobutanolwhen applicable.

In general,dehydrationof alcohols occursoveranacidcatalyst. Onalumina, two different
acid sites are present,namelyLewis andBronsted.The Bronstedacidsites resultfromthe
surface hydroxylgroupsand are consideredon averageto be weaklyacidic.1 The Lewis acid
sites resultfromthe incompletecoordinationof surfacealuminumatomsby surrounding
oxygen atoms.2 These incompletelycoordinatedaluminumatomsarisedueto removalof the
surfacehydroxylgroupsthroughcondensationwithadjacenthydroxylgroupsandevolution
of water. Thisremovalof surfacewateralsocreatesLewis basesites which are oxygen
ions.2 C

The adsorptionof the alcohol to thesurfaceoccursthroughhydrogenbondsbetween the
alcoholhydroxylgroupandthe surfacehydroxylgroupand oxide ion.-_ At this pointit is
believed thatthe reactionscheme is slightly differentdependingon the structureof the
alcohol.3 The schemes proposedarebased onthefactthat thealuminacontainsonly weakto (
moderateacidic sites andthusthe reactioncanbe comparedto dehydrationin dilute aqueous
acids. Taftet al.4 foundthattertiaryalcoholsabstractthe hydrogenfromthe acid forminga
carboniumion basicallyfreeof covalentlybondedwater. Lessstablesecondarycarbonium
ions were foundto be stabilizedby specific interactionwith twowatermolecules indicatinga
moreconcertedmechanisticcharacter.5 DostrovskTandKlein6 determinedthatoxy_a _
exchange withprimaryalcohols in dilute acidsolutionoccurredthroughaconcerted
mechanismand not by way of a carboniumion.

The mechanismof dehydrationfor a primaryalcoholsuch as isobutanoloccurs through
abstractionof the _-hydrogenof the alcoholbythe surfaceoxide ion withsubsequent
cleavage of the alcoholhydroxylgroupformingwateranda surfaceoxide ion.7 ThL_

O_
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mechanismhasbeenconcludedthroughanumberofexperimentalobservations.Knozinger8
foundthatifaluminumhydroxide(whichexposessolelyhydroxylgroupsatthesurface)is

• used as the catalyst, there is complete inactivity for the dehydration of tertiarybutanol.
However, if the catalyst is heated such that the trihydroxidelosses water to form the
monohydroxide resulting as well in the formation of oxygen and aluminum ions, the
dehydration reaction is observed. This indicates thatother surface sites must take part in the
formation of olefins, lt has also been shown thatselective poisonin_ of the Lewis acid sites

• by pyridine does not significantly alter the dehydration of alcohols, o Roca et al.9 on the
other hand have verified the participationof basic sites by poisoning experiments with
tetracyanoethylene.

The rate limiting step durin_ the dehydratioe reaction has been studied by Knozinger and
Scheglila 10 By examining primary kinetic isotope effects for the dehydration of tertiary,O
secondary, and iso-butanol in the gas phase, they determined that deuteration of the hydroxyl
group does not cause an isotope effect and thus excludes the hydroxyl proton from any rate
determining participation. This result also excludes the desorption of water as being rate
determining at least in the case where the water is adsorbed by hydrogen bonds to hydroxyl or
deuteroxyl surface groups. The kinetic isotope effect for I_-carbondeuterationwas greatest

@ for the primary isobutanoi and least for tertiarybutanol. At temperaturesbelow 200 C, they ,
believe that ali three alcohols exhibit E 2-like behavior, but as the temperature is raised the
mechanism for tertiary alcohol shifts to E 1-1ike. An E2 reaction mechanism involves a
single transition state in which the base pulls a proton away from the carbon while the
hydroxide ion simultaneously departs allowing the double bond to form. The E1 reaction

• mechanism however, involves two steps whereby the alcohol undergoes cleavage of the
hydroxyl ion with formation of a carbonium ion. This carbonium ion then loses a proton to
the base to form the alkene. The results presented by Knozinger and Scheglila 10 reaffirm the
mechanisms postulated earlierby Pines and Manassen3 for the dehydration of tertiary,
secondary, andprimary alcohols on weak acid sites.

O
The mechanism for dehydratior_is not the same for ali alcohols. Aral et al. 11 found while
studying the dehydration of ethanol that at low temperatures(T<135 C) the majorproduct
clesorbed from the alumina catalyst was diethyl ether. At higher temperatures they found a
decrease in ether formation andan increase in ethylene formation. They postulated thatthe
ether was formed by reaction of two nearbysurface ethoxides. The presence of the surface

@ ethoxides was verfled through IR studies. Knozinger and Kohne12 however, found ethylene
to be produced only above 250 C during ethanol dehydration. They believed that'theethylene
was formed directly from dehydration as well as throughdecomposition of the ether. As the
temperature was increased, the ether composition decreased significantly. The difference
between t_e two findings is most likely a resultof slight variations in the catalyst as well as

@ the fact that Knozinger and Kohne performed continuous operation while Aral et ai.
performed batch experiments. Kaozinger and Kohne proposed that the ether formed by
reaction of an adsorbed alcohol with a surface ethoxide. They found a similar behavior fory

straight-chained alcohols up to n-hexanol; however, the temperature range in which ether
could be isolated as the only product decreased with increasing chain length. They were also

• unable to detect any ether as a dehydration productof the branched butanols. This appears to
be due to the instability of the aikoxide of the branchedbutanols. Surface alkoxides were

m



detected by IR spectroscopyforthe ether-formingalcoholswhereas no surfacealkoxidecould
be detected forthe olefin-formingalcohols.2 Thus it appearsthat the dehydrationof
isobutanol over aluminaoccursthroughthe concertedmechanismproposedby Pines and O_

Haag.7

The E 2-like mechanismfordehydrationof primaryandsecondaryalcohols has been fairly
well accepted. It is the transitionstate duringthe dehydrationof the alcoholwhich appearsto
still be in question. Pillai andPines13 as well as Kibbyet al.14 haddeterminedthat alcohol •
dehydrationon y-aluminaoccursas the trans-eliminationof the elements of water, lt has also
been found that when formationof the cis- and trans-isomers is possible, the cis.-olefinforms
preferentially.2,3,7 Fromthe resultsof selectivity studies,SchwabandSchwab-Agallidis15
proposed that the dehydrationproceededin pores and crevicesof the catalyst. This view was
also takenby Pines and Manassen3 and Pines andPillai16 on the assumptionthat acidic and O
basic sites would be locatedonopposite sides of the pore. Thisscheme would indicate a
reaction controlledby diffusionwhich has neverbeen observedfor alumina. Knozinger et
al.17 proposedthat the alcohol molecule adsorbedonto the surfaceexercises as a whole
vibrational motions, such that the O-Ca-CI_-Hplane inclinesto the surface. This would lead
to the sterically morefavorableconformationwherebulky substituentsarefarthest away from
the surface leading to preferentialcis formation. Sedlacek and Kraus18 have determined •@
gromquantum chemicalmodellingusing the adsorbedstate proposedby Knozingeret al.17
that anti-eliminationis the moreenergetically favorablepathon the alumina surface.
Sedlacek19 was also able to explainthe significant preferencefor cis-olefin formation by
takinginto accountgeometricand electronic factors.

¢

It appearsthat an E2 reactionmechanismis followed for the dehydrationof isobutanol on
alumina. According to Pinesand Haag7 as well as Knozingerand$cheglila10, it appears that
pure _H eliminationoccurs to form the primarydehydrationproduct. This olefin product
may then readsorbonto thestrong acidsites where it may undergoisomerization, lt is also
assumed thatoligermizationoccurs on these strongacidsites when theolefin is readsorbed. Oi
This most likely can be avoidedby either runningat lowerconversionsso as to avoid the
olefin concentration from buildingup to a point wheretheprobabilityof readsorption
becomes high or by selectivelypoisoning the strongacidsites. Runningat lowerconversions
was proposed due to the observedincrease in isomercompositionwith increasedcontact time.
lt is also possible that at highertemperatures('I'>300C)y-H eliminationmay occurwith Oi
sebsequent migrationof the hydrogenor methyl group forminga numberof isomers.20

DEHYDRATION CATALYSTSANl) REACTION CONDITIONS:

The informationpresentedinthissection has been dividedinto subsectionsaccording to the

type of catalystused forthe dehydrationreaction,namely: aluminas,zeolites, metal @I
phosphatesandsulfates,andoxides. According to the literature,aluminais awidely used
catalyst for the dehydrationof alcohols. Because of this, the informationreg_rdingalumina
has been organ/zedaccordingto the structureof thealcohol (mixed alcohols,2-methyl-I-
alkanols, and isoamyl alcohol)used in the reactionso as to provideonly thatinformation
which is most relaventin regardto the dehydrationof isobutanol. The typeof reactor and
reactionconditionsusedby thevarious authorsis also discussedas well as any pertinent @I
informationwith respectto catalystfouling andcompetitiveside reactions.
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A. ALUMINA:
The surface of alumina contains both acidic and basic sites. These acidic sites range in

• strength from strong to weak. Pines and Pillai21 found that by modifying alumina with
ammonia it was possible to produce relatively pureprimary _-H dehydration products from a
number of alcohols such as 3,3-dimethyl-l-butanol without significant quantities of their
isor_ers. Pines and Haag7 found thatby incorporatingsmall amounts of sodium (0.001% -
1.5% weight) into the alumina, the activity for dehydration decreased as the sodium content

Q increased, however the more significant finding was thatthe activity for isomerization
decreased substantially. According to the findings of Pines and Haag,22 aluminas without
alkali contain a substantial number of strong acid sites; aluminas preparedfrom alkali
aluminates contain a large numberof weak acid sites; and aluminas impregnated with alkali-
base contain a reduced number of acidic sites without an appreciable change in the strength

@ distribution. When the alumina is impregnatedwith alkali base, it is quite possible that if the
base concentration is low and the solute is nonselectively adsorbed, the solution may be

depleted of solute before the pores are filled. This would lead to the nonpreferential decrease
in acid sites. The fact that both isomerization and dehydration decrease on impregnation of
an alkali-base could result from adsorptionof the base on the aluminum ions as well as
sodium exchange with the surface hydroxyl protons.

O

I. MIXED ALCOHOLS:

Several patents have been issued which describe the use of an alumina catalyst for
dehydration of alcohols. Hofstadt et al.23 suggested using an alumina catalyst impregnated
with LiOH, KOH, or NaOH with alkali metal concentrations of 0.1 to 1.5 wt.%. for the

• dehydration of C4-C6 alcohols produced from a synthesis gas. An undisclosed alumina
catalyst was proposed by Reich124 for the dehydrationof a mixed alcohol stream produced
from synthesis gas. Reichle25 used a high-purity(alkoxide derived) y-alumina with low
impurity levels impregnated with metal nitratesfor the dehydration of normal alcohols to
high-purity a-olefins. The metal ion consisted of Bn, K, Rb, or Cs with a concentrationon

S the doped catalyst of 0.05-2.0 wt.%. Reichle suggests a low impurity alumina most likely so
that the poisoning can be controlled solely throughimpregnation with the metal nitrates.
Alvila et al.26 proposed the use of a commercially available (Harshaw) aluminumoxide
catalyst for the dehydration of a stream of mixed butanols. The proportionof straight-
chained: branched alcohols was 1.3:1. The preparationof a-olefins in high selectivity f_m

• fatty alcohols was described by Voeste and Buchold.27 in their process, they used a -f-
alumina doped with N_I3 to dehydrate the alcohols while inhibiting any isomerization.
Min'ko andTimofeev_S described a pilot facility which uses an aluminum oxide catalyst
treated with 0.25% KOH for the dehydrationof several normal alcohols andisoamyl alcohol.
They found that using this catalyst they could produce 1-hexene with 90-95% selectivity.

Q
The above mentioned dehydration reactions were carried out in packed bed reactors. The
reaction conditions used were temperaturesranging fxom 300-500 C andpressures ranging
from 0.5 to I atmosphere. The LHSV (liquid hourly space velocity) were on theorder of 1-4
liters of alcohol feed per liter of catalyst per hour. These conditions were utilized to obtain a

• product stream which consisted of a high selectivity for the primary olefin.

@



2. ISOBUTANOL OR 2-METHYL..I-ALKANOLS:

The dehydration of isobutanol was performed by Kim et al.29 using an aluminum oxide
catalyst doped with 1.5-2% Ca(H2PO4)2 to inhibit skeletal isomerization. The reaction was •
carried out at temperaturesof 300-400 C and GHSV of 300-2500 providing contact times of 5
seconds or less. They found that the yield of isobutylene could be raised from 80% to 96%
by modifying the alumina catalyst, lt was determined by Kim et al.30 that by carrying out
the reaction in a fluidized bed reactor they were able to obtain results which were similar to

, those obtained in a fixed bed reactor. •

Several patents were issued on the use of modified alumina as a dehydration catalyst for 2-
methyl-l-alkanols whereby the modified alumina produces a higher yield of the 2-methyl-1-
olefin. S_cific increases in the product selectivity or yield were not always stated.
Shioyama31 proposed using a zinc aluminate catalyst which is prepared by mixing equimolar
portions of _,-aluminaand zinc oxide in a ball mixer and then processed to produce the final •
physicai form. Results were obtained which were similar to those using a sodium modified
alumina, but the zinc aluminate had a wider temperaturerange over which the maximum
olefin yield was produced. He also determined that the zinc aluminate was more effective
than simple mixtures of zinc oxide and alumina. Resofszki et al.32 studied the dehydration
reaction using a solid solution of iron oxide and aluminum oxide prepared by spray- , •
decomposing the aqueous solution of the nitrates at 500 C. They found thatthe addition of 1-
10 mole% of iron oxide caused a sharp decrease in the acidity of the catalyst as well as total
inactivity for skeletal isomerization. A zinc aluminate catalyst was also suggested by John33.
However, John used a y-aluminawhich was impregnated with an aqueous zinc salt solution
producing an alumina carrierwith zinc aluminate on its surface. With this zinc aluminate he g
was able to obtain 1-pentene with better than 90% selectivity. Drake34 proposed the use of
an alumina treated by soaking it in a solution of an organic carboxylic acid and a diluent to
produce 2-methyl-l-butene with a selectivity of 85-95%. The amount of carboxylic acid used
in the treatment of the silica can range from about0 01-0.1 g per gram of alumina. An

alumina catalyst which was modified simply by heat treatmentwas utilized by Drake35 for /:
o the dehydration of branched alcohols. According to his process,a mixed boehmite

(aluminum oxide-hydroxide)/chi-alumina catalyst is heated to about 550 C for several hours
under a stream of nitrogen. The result is a relatively pure chi-alumina which shows high
selectivities for the primary dehydration products without subsequent isomerization.

The above discussed catalysts were utilized for the dehydration reaction of branched alcohols C
to their corresponding olefins. The reactions were carried out in fixed bed reactors over a
temperature range of 250_50 C and pressures of 1-7 atmospheres. The alcohol was
introduced to the reactor at a WHSV ranging from 0.1 to 20 grams of alcohol feed per gram
of catalyst per hour along with an inert carrier gas flow of 40-50 liters per hour.

q

3. ISOAMYL ALCOHOL:

Two studies have been performed on the dehydration of 3-methyl-l-butanol to provide
information for optimal pilot plant operation. The studies were concerned with determination
of a catalyst and reaction conditions which would produce a product stream with a high yield
of 3-methyl-l-butene and low concentrations of product isome_. Drake et al.36 of the ,
Phillips Petroleum Co. found thata base treated gamma alumina inhibited the formation of
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product isomers. The pilot plant utilized a packed bed reactoroperating at about 300 C core
temperature and a pressure of approximately 3 atmospheres. The alcohol feed was varied

• from 1.0-1.5 LHSV resulting in a product yield of greater than 85% 3-methyl-l-butene. It
should be noted that the product yield dropped to about 70-75% when the unitwas run on a
lower purity feed. Nitrogen was used as a carriergas for the alcohol feed. Early tests on the
catalyst life revealed that approximately 1000 pounds of 3-methyl-l-butene were produced
per pound of catalyst. The second pilot plant operation was described by Timofeev et al.37

• Their process relied on a y-alumina impregnated with 0.25 wt.% KOH. The dehydration was
carried out at approximately 380 C with an alcohol feed of 4 liters per liter of catalyst per
hour. Under these conditions, they were able to obtain a product selectivity of about 70%.

B. ZEOLITES AND AMORPHOUS ALUMINOSILICA:

Q Several experimental studies have been carried out in which silica-alumina catalysts of
various compositions have been used for the dehydration of isobutyl alcohol. Weisz and co-
workers 38 looked at the molecular shape selective dehydration of the isomeric butanols on
Ca-zeolites 5A and 10X. They found that approximately 100% conversion of the isobutanol
could be obtained at 300 C on the 10X catalyst, but that negligible conversion occurred for

• the dehydration on the SA. This implies that the isobutanol is excluded from the crystal
interior of the zeolite 5A. Normal butanol was dehydratedto about the same extent on both.
No analysis of the butene products was presented. Amorphous aluminosilica gels and zeolites
having chemical compositions corresponding to that of type X zeolite were used for the
dehydration of isobutanol by Levchuk and Dzis'ko.39 Running the reaction at 310 C they
determined that the conversion could be increased by lowering the space velocity; however,

• they also found a corresponding increase in the concentration of polymeric products. Over
the range of space velocities used, normal butene isomers constituted approximately 20-30%
of the product stream. Samples with low sodium content were found to decrease in activity
quite rapidly with time. This could result from oligomer formation within the pores and their
inability to diffuse out. Their results showed that at low conversions the rate of dehydration

• as well as isomerization were independent of the alcohol conversion, but both became
dependent with increasing conversion. They also found a linear decay of both rates with
increasing sodium content.

Makarova et al.40,41 performed limited experiments on the dehydration of isobutanol on H-
• ZSM-5. Their reaction conditions were 100-150 C, 1 atmospherepressure, and low

. conversions (<10%) such that the reaction wu zero orderwith respect to isobutanol. They
did not provide an analysis of the product stream butene isomer composition. IR studies
were performed to determine a possible reaction scheme. They believe that the reaction
occurs through formation of a surface alkoxide which reacts with the alcohol to form a
hydrogen bonded ether. This ether, restricted from diffusing out of the channel intersection,

• decomposes to form a butene and an alcohol molecule. Under conditions of higher
conversion or interupted alcohol flow, they found a significant increase in oligomer
formation. They postulate this to arise from interaction of the butene with the highly reactive
aikoxide as the butene is diffusing through the pore.

O
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C. METAL PHOSPHATES AND SULFATES:

Hofstadt et al.23 suggested using either an aluminum phosphate or a calcium phosphate as the

dehydration catalyst for a mixed alcohol stream. However, they stated that they preferred •
using an aluminum oxide or calcium phosphate, C.a3(PO4)2, as the dehydration catalyst so
that secondary reactions (condensation and polymerization) could be suppressed. A

phosphorous rich hydroxyapatite catalyst C.a9(HPO4)(PO4)5OH was investigated by Kibby et
al.14,42 for the dehydration reacttonof several alcohols. They found that upon dehydration
of isobutanol they were able to obtain aboul 90% isobutene with 10% normal butenes. The M
reaction was carried out at 300-400 C and low conversions such thatthe reaction was zero

order with respect to the alcohol concentration. The calcium rich form of this catalyst,
Cal0(PO4)6(OH)2 make.z it a suitable catalyst for alcohol dehydrogenation. Brett et al.43
states that the dehydration reaction is catalyzed by the acidic phosphate hydrogen. Clearfield
and Thakur44 studied the dehydrationof cyclohexanol using a zirconium phosphate catalyst.
They found the catalyst to be very selective toward the dehydration reaction with little •
activity for isomerization or dehydrogenation. The reaction was performed over a
temperature range of 300-400 C and they determined that the dehydration data fit a first order
rate equation. Clearfield andThakuralso proposed that the primary active sites are the
monohydrogen phosphate protons with a possible secondary active site being of the Lewis

acidtype. ,0

A sulfate modified zirconia catalyst was proposed by Klier et al.45 as a possible catalyst for
the dehydration of isobutanol. They found thatwhen a mixture of isobutanol and methanol
were charged to the reactor, the catalyst proved to be efficient and highly selective for the

production of isobutane with methanol dehydration suppressed. However, no work has been C
done to study solely the dehydration reaction of isobutanol with this catalyst. Thorton and
Gates46 studied the dehydration of isobutyl alcohol using a poly(styrene-divinylbenzene)
matrix containing sulfate groups as the catalyst. The reaction was performed at
approximately I00 C giving a mixtureof butane isomers and isobutane formation at low
substrate partial pressures. The reaction was accompanied by about a 20% decrease in rate
over tens of hours of operation resulting from a catalyst which became covered in a dark, (:
sticky tar. The catalyst deactivation was not observed with either isopropyl or see-butyl
alcohols. According to Knozinger,20 it is believed that the dehydration of alcohols on ion
exchange resins occurs throughoxonium or carbonium ion intermediates.

D. OXIDE CATALYSTS: _

Schwab and Schwab-Agallidis 15 studied the dehydration of ethanol to ethylene on a number

of oxide catalysts (ZnO, TiO2, Cr20 3, y-AI20 3, CeO 3, and ThO2) and found that the
product stream from the alumina andthoriacatalysts consisted of better than 90% ethylene.
Canes.son and Blanchard47 found thaton dehydration of secondary alcohols over thoria a
high selectivity was shown for the formation of the 1-alkene. They proposed thatthe reaction
proceeds as a syn-elimination occurring by an ElcB pathway. A reaction occurring by an
ElcB mechanism involves the loss of a proton from the alcohol to the base with formation of
a negatively charged carbanion which then losses the hydroxide ion in a separate step to yield

the alkene. Studying the possibility of y-H eliminations from certain alcohols during the
course of dehydration at 300-350 C, Siddhan and Narayanan48 found thatthoriashowed @/
very little propensity for y-eliminations whereas the products obtained from alumina doped

@
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with sodium exhibited a significant contribution from y-eliminations, lt should also be noted
thatalumina exhibited a much higher activity for the dehydrationof alcohols such as 3-

• methyl-l-pentanoi than did thoria.

The dehydration of isobutanol was observed by Kotsarenko andMalysheva 49 using binary
compounds of the type aMinO n (1-a)SiO 2, where M=AI,Ga, Zr, Be, andY as catalysts. The
reactions were carried out over the temperaturerangeof 275-350 C using a circulation-flow

• method with a circulation rate of 800 liters per hour. They found that with increasing alcohol
concentration, the order of the reaction changed from first to zero on ali of the catalysts. The
results of their experiments showed that isobutylene made up about 60..70 mole% of ali the
butylenes formed for all of the binary compounds. They also found that a gamma-alumina
sample produced about 95% isobutylene. No indication as to the chemical composition of the

• alumina was given. Results for the isomerization of an isobutylene feed showed that alumina
and the binary compounds of Be andY were inactive for this reaction. From their results
they concluded thatthe dehydration reaction of isobutanolon the binary oxides occurs
through a carbonium ion mechanism leading to a high rateof normal olefins. Davis 50 looked
at the dehydration of branched secondary and tertiary alcohols over aluminum and
molybdenum oxide at temperatures of 180-275 C. For certain alcohols (i.e. 2,2-dimethyl-3-

• pentanol) it was found that molybdena produced a significant quantity of products which ,
resulted from skeletal isomerization whereas the aluminadid not. Davis postulated that the
skeletal isomerization resulted from the dehydration step and not from a secondary reaction.

o The acidity and basicity of a number of metal oxides were investigated by Gervasini and
Auroux.5_ The catalysts were tested for the decomposition of isopropanol to propene and

• acetone. While it is difficult to make any conclusions about theuse of these catalysts for the
dehydration of isobutanol, there are a few points thatshould be mentioned. They found that
the oxides of Mo andW gave propene in the temperaturerangeof 400-430 K while those of
Al, No, Ta, TJ, andZr were active in the temperature rangeof 430-490 K. This would
indicate that MoO3 and WO3 possess stronger acid sites than theother oxides. However, it

• should be noted thatMoO 3 and WO3 also gave acetone, an undesired product in the
dehydration reaction, at lower temperatures.

DEHYDRATION IN A SLURRY REACTOR:

Some work has been undertaken in the use of liquid phase reaction technology for the

• dehydration of tertiarybutyl alcohol CYBA). A patentissued to Doclmer and Krug52
describes a process in which a feed of TBA and nitrogenare passed into a packed quartz tube
filled with vacuum gas oil (boiling point 400 C) containing about 5% resin catalyst. The
reaction is carried out at 205 C giving 97% yield isobutene. Abraham and Prescott53 diso_
the processes utilized by several companies for the dehydrationof tertiary butanol to
isobutene. According to the authors, Cities Service dissolves the TBA and a p-toluene

!O sulfonic acid catalyst in a reaction medium of xylene. The isobutylene is removed as a gas
and the water separates out and is removed continuously. Nippon, Asashi, and Maruzen use
powdered resin catalysts in a stirred reactor for their processes, lt must be noted that the
patents referenced by Abraham and Prescott could not be located as cited in their article.

O



THERMODYNAMICS:
Calculationswere madeto determinetheheatof reactionaswell as thechangein the Gibbs
free energyupondehydrationof isobutanolto formisobuteneandwater. The heatof reaction •
at 298 C and 1 atmosphereis 8.16 kcal/mole andthe Gibbsfree energychangeis -0.64
kcal/mole. The entropychangewas determinedto be 24.1 cal/mole K. The heatof reaction
was also calculatedat300 C withits value being $.'5 kcai/mole. Thus,the reactionis

endothermicandwill requirethe processto be runatelevatedtemperaturesin ordertO.obtain
good conversions. Klotz54 performedsome equilibriumcalculationsfor thedehydratson •
reactionandfoundthattheequilibriumfavors almost 100%conversionin thetemperature
rangeof 100-300 Candthatit was only slightly shiftedtowardisobutanoiatelevated
pressuresup to 52 atmospheres.The adiabatictemperaturedropforthe reactionwas also
determinedby Klotz55. He foundthatat inletconditionsof I atmosphereand200 C the
temperaturedroppedto 77 C for 100%conversionwhile for aninlet temperatureof 300 C the O
temperaturedroppedto 130C. The temperaturedropfor thelow inletconditionis controlled
by thecondensationof waterin the reactor.

CONCLUSIONS:
Fromtheinformationthathasbeen gatheredon the dehydrationof alcohols,and inparticular
2-methyl-l-alkanols, it appearsthatthe catalystsbestsuitedfor the dehydrationof isobutanol , @
would be a treatedaluminaor possiblyjust a less puregamma-alumina,a phosphateor sulfate
modified zirconia,or a calciumphosphate.The literatureindicatesthatthe reactionshouldbe
runattemperaturesrangingfromabout300 to 400 C andatpressuresaroundatmospheric.
Fromthe thermodynamicsit is seen thatthe reactionis endothermicandrequiresthe higher
temperaturesin orderto obtainreasonableconversionof the isobutanol. Accordingto the •
literature,the majorityof theworkhasbeen performedin packedbedreactors;however,
some of theTBA dehydrationprocessesindicatethata slurryphasereactorshouldprovidethe
properconditionsfor anefficient andeconomic isobutanoldehydrationprocess, lt was
difficult to makeanyreasonableconclusionsin regardto thecatalyst life expectancy, lt
appearsthatacatalystwhichdoesnotpossessstrongacidsitessuchthatisomerizationsdonot •
occurshouldalsoinhibitothersidereactionsfromoccurringwhichleadtocarbonformation
onthecatalystsurface,

B. E. Latshaw •
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APPENDIX 4

0
MATERIAL BALANCE SHEETS

FOR
O

A. RUN #11782-58 (GROUND-UP K3-110)

• &

B. RUN #11782-63 (POWDER K3-110, LAPORTE BATCH)

O

O

O

O



A. Run#I1782-58(Ground-upK3-1I0)
O

O

Q

O

O

O



1OIi :I170t-'+U I055 :02/28/St
0ILTOt :SOll_100(IX_l 10) 923U21_ : 25.00HS
0tl,glGl_: UI.731 STI]ISPD : 1200.00m •
Ck_tST :M._D-U0(210mis) _ PATLI_: 30.31Oi

lt_ : 146011VI om'.ff_0t : 17A.54I_
_SESSIIU: _.10 USI6 _'I'OU : _.00 C
USV : t836.U

D 36.45 _.44 23.57 21.65 °24.73 -1.U
112 1.01 1.51 1.19 1.45 -0.14 -0.01 • e
_i4 0,00 0,00 0.01 0,01 0,01 0,00
CO _,33 t7.92 45,46 55,49 -12,43 -0,55
002 13.46 1_J.73 16.73 20.41 0.67 0.03
DO 0.00 0.00 0.00 0.00 0.N 0.00
131 0.00 0.00 _,li 1.1,14 1.l.14 0,N
D8 0.N 0.00 0.14 0.17 0.17 0.01 (

0.00 O.W O.Ot 0.11 031 0.01
0.00 0.00 o.n 0.0_ 0.0_ o.eo

_OSU Y_.)I_.a _._ UT._ -:S._ -_._

_ : 46,3_IOUI (

CUDDICZID_CCMEIC_: -3.41BU t

(N_8_ : 100.15t

_ : 16.40@alt_ _ _ )



Software Version: 3.2 <OEOL>
O Sample Name : 300cc- L Time : 2/28/92 5- 42 PM

Sample' Number: 300ct #1 Study : alcohols research

Operator" : seg

Instrument • 950-L ALCOHOLS GC Channel • A A/D mV Range " LO00
Au toSampler : NONE

i Rack/Vial : 0/0

Interface Serial # • 92125510&b Data Acquisition Time: 2/28/92 5"27 PM

Delay Time : 0.00 min.
End Time : 15.00 rain.

Sampling Rate : 5.0000 pts/sec

0
Raw Data File : c:\2700\dataL\O5qaOO4.raw

Result File : c:\2700\datal\OsgaOO4.rst

Instrument FiIe: c:\2700\methoas\alcohois.ins

ProcesS File : c:\2700\methods\alcohols.prc

Sample File : c:\2700\methodskalcohols.smp

Q Sequence File : C:\2700\SEQUENCE\ALCOHOLS.seq

Inj. Volume : I MOL% Area Reject : 0.00

Sample Amount : 1.0000 Dilution Factor : 1.00

0

ALCOHOLS £_ ,co ,,_.. _'--_

leak Tile Area Area Norm.Arei BL Amouht C0mponent
I [mini [uV,sec] Ell [ii] [ppm] Name

, .. ,....,...., o.....,.--o Q o.. ,,---.,--.,., _, ,. ,,--- "'"" "'"" ''''" """ "'""""""" "" "" "'"" "" "'''''''''''''''''''''''''''''''' "''""""""""""""""""" "" "'""

0 l 0.723 1528,71 0.21 0.21BV 0,0000
l 0.774 633.29 0.09 0.09 Vii 60.8212 METHANE
3 0.991 17085.81 2.36 2.36 BE 1470.7085 DIMETHYLETHER
4 1.109 668060.69 92.36 92.36BV 91190.3750 METHANOL
5 1.318 812ii.9B 1.12 l.I2 Vii 937.1200 METHYLFORMATE
6 1.5_9 1241B.00 1.72 1.72 Bi\ 797.0054 ETHANOL

7 2.454 2927.99 0.41 0.41 iii\ 179.8903 METHYLACETATE
ii 3.144 5192.41 0.72 0.72 8ii 200.6799 l-PROPANOL
9 4.660 3353.78 0.46 0.46 88 89.1717 ISOiiUTANOL

10 5.407 1852.24 0.26 0.26 BB 50.7410 l-BUTANOL
li 6.376 747.10 O.lO 0.10iiB 0.0000

12 6.745 662.04 0.09 0.00 iii\ 14.2106 I-METHYL-I-BUTANOL

0 13 7.253 719.20 0.10 O.lOBB 1.5.8368 I-PENTANOL

72;3310.31100.00 100.00 95006.5625

0

0

t



O

LIQUID PHASE SHIFT O

APCZ STIRRED AUTOCLAVES

RUN # 11782-58B DATE • 02/29/92

OIL TYPE SONTEX I00 (Drakeol 10) HOURS ON STRFAM : 49.00 HRS •
OIL WEIGHT 121.78 GN STIR SPEED : 1200.00 RPM
CATALYST BASF K3-110 (210 mesh) CATALYST LOADING: 30.31 GH

INLET FLOW 153.61 SL/HR OUTLET FLOW : 183.27 SL/HR
PRESSURE 467.30 PSIG TH4PERATURE : 252.10 DEG C
GHSV (DRY) 5067.96 SL/KG-HR (_I_ _') Keq • 83.54

1{20 I_TECTION RATE: 27.00 ML/HR 33.60 sl/h/ Exit waUer-- 2.42 sl/ht •
H20/CO RATIO IN FEED 0.44

INLET OUTLET DELTA
CONC FLOW CONC FLOW FLOW FLOW
t LIHR t LIHR LIHR GMOLIHR

H2 37.74 57.97 31.38 46.94 86.03 28.06 1.25
I.05 1.61 0.87 0.86 1.58 -0.04 0.00

CH4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 49.56 76.13 41.21 23.22 42.56 -33.57 -1.50
CO2 10.04 15.42 8.35 25.43 46.61 31.18 1.39
!{20 0.00 0.00 18 • 19 1.32 2.42 2.42 0.11 O
MEOH 0.00 0.00 0.00 0.92 1.69 1.69 0.08
_4E 0.00 0.00 0.00 _U_.00 0.00 0.00 0.00
MeFormato 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ETOH 0. O0 0.00 O. O0 O. 00 0. O0 0.00 O. O0

TOTAL 98.39 151.14 100.00 98.69 180.87 29.73 1.33 OI

CARBON MONOXIDE CONVERSION : 44.10 HOLE t
CARBON DIOXIDE YIELD : 40.96 HOLE %

HYDROGEN yIELD : 36.85 HOLE %
water conversion : 92.81t

RECOVERY : 99.23 t O
HYDROGEN RECOVERY : 100.30 t
OXY(;W_ RECOVERY : 99.52 t
NITROGDI RECOVERY : 97.72 t

Pco2,,Ph2 / Pco* PH20- inlet• 0.35 ax:Lt ffi 38.99
equilirlum H20 conversion- 0.9648 1.18 sllhr. •

NOTE: Reductlon done with dilute slm gas.
moles of water converted= 17.547183.54

O

C



O LIQUID PHASE SHIFT

APCl STIRRED AUTOCLAVES

RUN # 11782-58C DATE : 02/29/92

OIL TYPE SONTEX 100 (Drakeol 10) HOURS ON STREAM : 51.25 HRS
OIL WEIGHT 121.78 (_4 STIR SPEED : 1200.00 RPM
CATALYST BASF K3-110 (210 mesh) CATALYST LOADING: 30.31 CiM

INLET FLOW 294.44 SL/HR OUTLET FLOW : 349.52 SL/HR
PRESSURE 468.20 PSIG TEMPERATURE • 248.20 DEG C

GHSV (DRY) 9714.44 SL/KG-HR _[I_ _ Keq = 89.42

H20 INJECTION RATE: 49.00 ML/HR 60.98 sl/ht Exit water-- 8.58 sl/hr
H20/CO RATIO IN FEED 0.42

INLET OUTLET DELTA
CONC FLOW CONC FLOW FLOW FLOW

Ii LIHR lt LIHR LIHR GMOLIHR

@
H2 37.74 111.12 31.69 42.95 150.12 39.00 1.74

N2 1.05 3.09 0.88 0.83 ' 2.90 -0.19 -0.01
CH4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 49.56 145.93 41.61 27.01 91.41 -51.52 -2.30

C02 10.04 29.56 8.43 23.45 81.96 52.40 2.34

H20 0.00 0.00 17.39 2.45 8.58 8.58 0.38
MEOH 0.00 0.00 0.00 0.22 0.77 0.77 0.03

DME 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MeFormate 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ETOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 98.39 289.70 I00.00 96.91 338.74 49.03 2.19

CARBON MONOXIDE CONVERSION : 35.131MOLE %
CARBON DIOXIDE YIELD : 3_.91 MOLE II
HYDROGEN YIELD : 26.72 MOLE %
water conversion : 85.93i
CARBON RECOVERY : 100.94 i

O HYDROGEN RECOVERY : 98.60 i
OXYGEN RECOVERY : 104.17 i .

NITROGEN RECOVERY : 93.83 %

Pco2*Ph2 /PCO*PH20, inle_ = 0.37 exits 15.20

equillrlum H20 conversion= 0.9682 1.94 sl/hE

NOTE: Reduction done with dilute syn gas.
moles of water conver_ed= 16.835

89.42

l



e

LIQUID PHASE SHIFT 0

APCI STIRRED AUTOCLAVES

RUN # 11782-54D DATE : 03101192

OIL TYPE SONTEX 100 (Drakeol 10) HOURS ON STREAM : 72.75 HRS •
OIL WEIGHT 121.78 GM STIR SPEED : 1200.00 RPM
CATALYST BASF K3-110 CATALYST LOADING: 30.31 GM

INLET FLOW 150.97 SL/HR OUTLET FLOW : 171.39 SL/HR
PRE_SURE 456.70 PSIG TEMPERATURE : 250.40 DEG C
GHSV (DRY) 4980.87 SL/KG-HR (G°_ _) Keq = 86.04

H20 INJECTION RATE: 22.00 ML/HR 27 38 sllhr Exit water- 1.43 sllhr •" 94.77%

H2OICO RATIO IN FEED 0.29

OUTLET DELTA
INLET FLOW FLOW

CONC FLOW CONC FLOW
% LIHR t LIHR LIHR GMOLIHR

_---- 4"'---- .i ,m-- O-- _''D e I

H2 29.62 44.72 25.85 39.38 67.49 22.78 1.02
142 0.97 i.46 0.85 0.83 1•42 -0.04 0.00

CH4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 62.69 94.64 54.71 39.51 67.72 -26.93 -1.20
CO2 3.18 4.80 2.78 17.94 30.75 25.95 1.16

H20 0.00 0.00 15.82 0.83 1 •43 i.43 0.06 0
MEOH 0.00 0.00 0.00 0.79 1.35 1.35 0.06
DME 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MeFormate 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ETOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 96.46 145.63 I00.00 99.28 170.17 24.54 1.10 O

CARBON MONOXIDE CONVERSION : 28.45 MOLE
CARBON DIOXIDE YIELD : 27.42 MOLE t

HYDR_ YIELD : 24.07 MOLE %
water conversion : 94.77%
CARBON RECOVERY : 100.38 %

HYDROGEN RECOVERY : 99.99 q •
OXYGEI_ RECOVERY : 100.63
NITROG_ RECOVERY : 97.14

Pcol*Ph2 /Pco*PH20, Inlet= 0.08 exit= 21.42

equilirium HIO conversion- 0.9857 0.39 sl/ht (

NOTE: reduction done wlCh dllute syn gaJ.
moles of water conver_eds 15.5987

86.04



O LIQUID PHASE SHIFT

APCI STIRRED AUTOCLAVES

RUN # 11782-5_E DATE : 03/01/92
OIL TYPE SONTEX 100 (Drakeol 10) HOURS ON STREAM • 75.00 HRS

OIL WEIGHT 121.78 GM STIR SPEED : 1200.00 RPM
CATALYST BASF K3 -110 CATALYST LOADING: 30.31 GM

INLET FLOW 150.97 SL/HR OUTLET FLOW : 198.10 SL/HR
PRESSURE 460. i0 PSIG TEMPERATURE : 250.80 DEG C

GHSV (DRY) 4980.87 SL/KG-HR Keq = 85.45

H20 INJECTION RATE: 41.00 ML/HR 51.02 sl/ht Exit wa_er: 7.23 sl/hr
H20/CO RATIO IN FEED 0.54

INLET OUTLET DELTA
CONC FLOW CONC FLOW FLOW FLOW
t LIHR t LIHR LIHR GMOLIHR

e
H2 29.62 44.72 22.74 44.33 87.82 43. I0 1.92
N2 0.97 1.46 0.74 0.72 1.43 -0.04 0.00
CHi 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CO 62.69 94.64 48.13 26.02 51.55 -43 .i0 -1.92
CO2 3.18 4.80 2.44 24.53 48.59 43.79 1.96

)[20 0.00 0.00 25.95 3.65 7.23 7.23 0.32
MEOH 0.00 0.00 0.00 0.31 0.61 0.61 0.03
DME 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MeFormate 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ETOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 96.46 145.63 I00.00 99.56 197.23 51.60 2.30

CARBON MONOXIDE CONVERSION : 45.54 MOLE t
CARBON DIOXIDE YIELD : 46.27 MOLE %

HYDROGEN YIELD : 45.54 MOLE t
wa_er conversion : 85.83t
CARBON RECOVERY : 101.32 t

• HYDROGEN RECOVERY : 108.84 t
OXYGEN RECOVERY , : 105.95 t
NITROGEN RECOVERY : 97.40

Pco2*Ph2 /PCO* PH20, inletz 0.04 exit: II.45

oquiliriLLM H20 conversion= 0.9738 1.34 sl/ht

@
NOTE: reduction done wi_h dilute syn gas.

moles of wa_er conver_od= 25.27
85.43

O

O



O

LIQUID PHASE SHIFT _

APCI STIRRED AUTOCLAVES

'_ 13ATE : 03/02/92# x1782-s,,x •
OIL TYPE SONTEX 100 (Drakeol 10) HOURS ON STREAM : 91.50 HRS

OIL WEIGHT 121.78 GM STIR SPEED : 1200.00 RPM
CATALYST BASF I(3-110 CATALYST LOADING: 30.31 GM

INLET FLOW 153.41 SL/HR OUTLET FLOW : 184.28 SL/HR
PRESSURE 468.20 PSIG TEMPERATURE : 250.00 DEG C
GHSV (DRY) 5061.48 SL/KG-HR C_l_o_ Keq z 86.65
HIe INJECTION RATE: 27.00 MLIHR 33.60 sl/ht Exit water= 5 44 sl/ht •
HIe/co RATIO IN FEED 0.46

INLET OUTLET DELTA
CeNt FLOW CONC FLOW FLOW FLOW

LIHR t LIHR LIHR _4OLIHR
.............. Oi

--..lul. m---- #

H2 37.62 57.71 30.93 46.70 86.06 28.34 1.27
N2 1.01 I.55 0.83 0.83 1.53 -0.02 0.00

CI14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 47.72 73.21 39.24 23.t5 43.21 -30.00 -1.34
C02 13.37 20.51 i0.99 26.41 48.67 28.16 1.26

HIO 0.00 0.00 18.01 2.95 5.44 5.44 0.24 OI
MrOH 0.00 0.00 0.00 0.45 0.83 0.83 0.04
DME 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MeFormate 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ETOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 99.72 152.98 100.00 100.79 185.74 32.76 1.46 OI

CARBON MONOXIDE CONVERSION : 40.97 HOLE t

CARBON DIOXIDE YIELD : 38.46 HOLE %
HYDROGENYIELD : 38.72 HOLE %
water conversion : 83.80%

CARBON RECOVERY : 98.92 t
H,/DaOGENRECOWm¥ : 105.97 t • I
OXYGEN RECOVERY : 101.75 t

NITROGEN RECOVERY : 98.71

Pco2*PhIlPco*PHIO, inlets 0.48 exit= 17. |0

equillrium H20 conversions 0.9602 1.34 sl/ht e

NOTE: reduction done with dilute slm gas.
moles of water converted= 17.29

86.68

O



9) LIQUID PHASE SHIFT

APCI STIRRED AUTOCLAVES

O RUN # 11782-58G DATE : 03/02/92
OIL TYPE SONTEX I00 (Drakeol 10) HOURS ON STREAM : 91.50 HRS
OIL WEIGHT 121.78 GM STIR SPEED : 1200.00 RPM
CATALYST BASF K3-110 CATALYST LOADING: 30.31 GM

INLET FLOW 297.10 SL/HR OUTLET FLOW : 358.92 SL/HR
PRESSURE 473.20 PSIG TEMPERATURE • 250.80 DEC;C

GHSV (DRY) 9801.97 SL/KG-HR i_j_"_'_ Keq = 85.45
9)' H20 INJECTION RATE: 53.00 ML/HR 65.96 sl/ht Exit war@r- 18.13 sl/ht

H20/CO RATIO IN FEED 0.46

INLET OUTLET DELTA
CONC FLOW CONC FLOW FLOW FLOW

t LIHR % LIHR LIHR GMOLIHR

_,._..___

H2 " 38.00 112.90 31.08 44.77 160.69 47.79 2.13
N2 1.02 3.03 0.83 0.83 2.98 -0.05 0.00
CH4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 47.88 142.25 39.17 26.18 93.96 -48.29 -2.16
CO2 13.15 39.07 10.76 24.21 86.89 47.83 2.14
H20 0.00 0.00 18.16 5.05 - 18.13 18.13 0.81
MEOH 0.00 0.00 0.00 0.I0 0.36 0.36 0.02

DME 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MeFormate 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ETOR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 100.05 297.25 I00.00 101.14 363.01 65.77 2.94

CARBON MONOXIDE CONVERSION : 33.94 MOLE t

CARBON DIOXIDE YIELD : 33.62 MOLE %
HYDROGEN YIELD : 33.60 MOLE t
water conversion : 72.51t

CARBON RECOVERY : 99.94 t
-0 HYDROG_ RECOVERY : 110.26 t

, OXYGEN RECOVERY : 106.14 t
NITROGEN RECOVERY : 98.30

PCO2* Ph2 /PCo* PH20, inlet= 0.47 exit= 8.20

equillrlum H20 conversion= 0.9595 2.67 sl/hz

@
NOTE: reduction done with dilute syn gas.

moles of water conver_ed= 17.4237
85.45

:D



O

LIQUID PHASE SHIFT O

APCZ STIRRED AUTOCLAVES

RUN # 11782-58H DATE : 03/03/92
OIL TYPE SONTEX 100 (Drakeol 10) HOURS ON STREAM : 117.25 HRS •
OIL WEIGHT 121.78 GM STIR SPEED : 1200.00 RPl4

CATALYST BASF K3-110 CATALYST LOADING: 30.31 GM
INLET FLOW 297.13 SL/HR OUTLET FLOW : 336.61 SL/HR

PRESSURE 458.70 PSIG TEMPERATURE : 250.90 DEG C
GHSV (DRY) 9803.15 SL/KG-HR {Jl_:_)Keq = 85.30
H20 INJECTION RATE: 40.00 ML/HR 49.78 sl/ttr Exit water: 9.20 sl/br •

H2OICO RATIO IN _ 0.26

INLET OUTLET DELTA

CONC FLOW CONC FLOW FLOW FLOW
LIHR % LIHR LIHR GMOLIHR_______ __ om,..pm

o,.m. -- -,m1-'w' m _ .._--.,w-- •,D O

H2 30.85 91.67 26.27 39.11 131.65 39.98 1.79
N2 0.92 2.73 0.78 0.81 2.73 -0.01 0.00
CH4 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CO 65.45 194.47 55.73 44.53 149.89 -44.58 -1.99
C02 3.46 10.28 2.95 15.11 50.86 t0.58 1.81
1.120 0.00 0.00 14.2"/ 2.73 9.20 9.20 0.41 •
MEOH 0.00 0.00 0.00 0.16 0.54 0.54 0.02

0.00 0.00 0.00 0.00 0.00 0.00 0.00
MeFormate 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ETOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 100.68 299 15 100.00 102 45 344 8'7 45.71 2.04

CARBON MONOXIDE CONVERSION • 22.92 HOLE t
CARBON DIOXIDE YIELD : 20.87 MOLE %
HYDROGEN YIELD : 20.56 MOLE t
water conversion = 81.53%

CARBON RECOVERY : 98.31 t
HYDROGEN RECOVERY : 104.01 t C
OXYGEN RECOVERY : I00.66 t

NITROGEN RECOVERY : 99.74

Pco2*Ph2/Pco*PH20" inlets O. i0 exit- 4.86
1_luilirium H20 conversionx 0.9865 0.67 sl/ht (

NOTE: reduction done with dilute sy11gas.
moles of water converted- 14.072685.32



Q LIQUID PHASE SHIFT

APCI STIRRED AUTOCLAVES

RUN # 11782-58I DATE : 03/03/92

OIL TYPE SONTEX i00 (Drakeol 10) HOURS ON STREAM : 120.50 HRS
OIL WEIGHT 121.78 GM STIR SPEED : 1200.00 RPM

CATALYST BASF K3-110 CATALYST LOADING: 30.31 GM
INLET FLOW 294.44 SL/HR OUTLET FLOW : 339.05 SL/HR

PRESSURE 476.40 PSIG tu__ TEMPERATURE : 275.60 DEG C

GHSV (DRY) 9714.44 SL/KG-HR ([{_ _ Keq = 56.59

I{20 INJECTION RATE: 40.00 ML/HR 49.78 sl/ht Exit water, 4.67 sl/ht
H20/CO RATIO IN FEED 0.26

INLET OUTLET DELTA
CONC FLOW CONC FLOW FLOW FLOW

% LIHR % LIHR LIHR GMOLIHR

@
H2 30.85 90.84 26.24 39.19 132.87 42.04 1.88
N2 0.92 2.71 0.78 0.81 2.75 0.04 0.00
CH4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 65.45 192.71 55.66 43.18 146.40 -46.31 -2.07

CO2 3.46 10.19 2.94 16.31 55.30 45.11 2.01

H20 0.00 0.00 14.38 1.38 4.67 4.67 0.21
MEOH 0.00 0.00 0.00 0.72 2.44 2.44 0.11
DME 0.00 0.00 0.00 0.00 0.00 0.00 0.00

MeFormate 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ETOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 100.68 296.45 i00.00 101.59 344.43 47.98 2.14

CARBON MONOXIDE CONVERSION : 24.03 MOLE %
CARBON DIOXIDE YIELD : 23.41 MOLE %
HYDROGEN YIELD : 21.81 MOLE t

water conversion : 90.62t
CARBON RECOVERY : 100.61 t
HYDROGEN RECOVERY : 103.75 %
OXYGEN RECOVERY : i01.79 t

NITROGE_I RECOVERY : 101.38

Pco2*Ph2/pco_ PH20, inlet= 0. I0 exit= i0.75

equillrlum H20 conversion= 0.9797 I.01 sl/ht

e
NOTE: reduction done with dilute syn gas.

mole of water converted= 14.09
56.59

@

@
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B. Run#I1782-63 (PowderK3-110, LaPone Batch) @
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U # :UTi243t _ :03/25_2
_15 :S_IZ100(DtUnl0) ll0RS(ISWJd: )J,00m

• 0_ liE_ : In.g2(NI S551_ : 1_0.00lH
Ci_Tff :_ I)-110(L0_1453IH3)IQSIL¢I_L_)Z: )I.U gl
_Jrl_: 173.04L_8 _5,ffl_08 : I4:.Sl,/R
Ht_.ql : T48.04KI6 _ : _.N ¢
nV : 5563.0tL/F,.g

O

Ox _ C_8C n,08 1_
t _n t _ L/u on,/u

O n 3T._ |5.U 24.49 34.84 -30.3! -L.3S
12 1.0J 1.89 1.27 1.81 -0.08 '4.00
014 1/3 • 0.00 0.0l 0.8 0.01 |.00

lg.30 15.31 48.61 i_l,li -llo_ -0.1_
_0_ 13._ 13.111 _t.t_ _.0'7 O.M 0.03
120 I/I, 0.00 113 0.00 0.00 0.00

O O0l I/& 0.0i t,Yt 11.N 1,1.N 0.t_
08 I13 II.O0 0.08 0.11 0.11 0.0_

I/1 0.00 0._3 0.18 0.li t.0_
1/1 0.10 0.01 O.U O.t_ t.01

5gW8 IOI.Ml_.T4 10135144A0 -)I.S4 -I.U

• _ ¢_ugoJ : 4_.5_list I

DIW]I_ : -2,NILl t

l:l,llll lll3lllN : H.3_I
llEW_ : Y;.11+

=O .. W_ 1800Vl_ : _l._l
•_. II'S_ !11111 : _.1101 '

_ : U._3molt/U.g

let: tshc_ datvitt_11ttm m.
O

O



Softw_:e ve-sion: 3.2 (C,EC.,I.0 •
S._mDI_ N_me : 300cc-I Time : 3,/25/92 Li:Z9 AM
•_ample Number: 300cc #I _tL;d/ • alco_ois re-zearch

C,c.e,._tor : seg

Instrument : 950-I ALCOHOLS GC Channel : A A/D mV Range : 1000

AutoSampler • NONE •
Pack/,/ial : 0/0

I_terface Serial # : 921255106b Data Acquisition Time: 3/25/92 II:25 AM

Delay Time : 0.00 rain.
End Time : 15.O0 min.

:_mpling Rate : 5.0000 pts/sec •

Raw Data File : c:\2700\datal\OBSaOO4.raw

Re,sulf File : c:\2700_datalkO85aOO4.rst

;n_trument File: c:\2700\methoCs\alcoholz.in'_

L,,o,..esz File : c:\2700'_methodskalcohols._,rc

"L,_,nD:e Fi]e • c.\270C.\,metl_ods\alcoho]__..zmp
_e.quence File • C:\2700'\5EQUENCE\_LCOHOL'Z..se'_ 9)

in3. Volume : 1 MOL_ Area Reject : O.OC.

C,ammie Amount : 1.0000 Dilution Factor : 1.00

e
¢

ACCOHOLS

::_ ..........................................................................

CI-C6 MIXED ALCOHOLS

:_ak Time Area Area Nora.At. BL Amount Component
I [,i.]' ,:,v.c] [_] [_] [pp,] N.e

1 0.725 1464.64 0.18 0.18 BV 140.6647 flETHANE •
Z 0.776 61B.96 0.08 0.08 V8 27.5824 ETHANE
3 0.996 $534.B0 1.04 1.0' B$ 891.6980 DIHETHYLETHER
4 1.107 7_9286.06 90.08 90.08 BV 97394.945Z METHANOL q_3
5 1._24 10206.25 1.24 1.24 V8 [291.2148 METHYLFORHATE
6 1.532 14601.78 1.78 1.78 88 89_.642_ ETHANOL

7 2.462 3520.77 0.43 0.43 BB 209.4092 o,ETHYLACETATE "_ ( J9 _ 2- _, _ C_ 08 3.101 757S.S4 0.92 0.92 e! 277.0900 I-PROPANOL
9 4.04Z 1165.50 0.14 0.14 00 0.0000

10 4.6_8 3414.21 0.42 0.42 80 85.6162 IS09UTAHOL I'_ _r _ o-_ - $_'Z'A,w_,,
il 5._25 45_8.05 0.55 0.55 86 12_.5396 I-DUTAHOL
12 5.986 1467.64 0.18 0.19 08 _6.5261 HETHYLISOBUTYRAT[
13 6.374 1270.50 0.16 0.16 OB 0.0000
14 6.676 1751.13 0.21 0.21 OB _5.7360 2-HETHYL-I-flUTAflOL
_5 7.134 2566.10 0._1 0._1 00 51.7179 I-PENTAHOL "
16 7.602 1133.76 0.14 0.14 BB 0.0000
17 7.997 756.60 0.09 0.09 00 0.0000
18 6.168 1083.43 0.13 0.1_ BB 21.059_ 2-HETHYL-I-PEHTAHOL
19 8.656 2190.12 0.27 0.27 0! 50.6085 I-H[XAHOL
20 9.534 1101.59 0.1_ 0,13 O| 0.0000 (
21 9.097 1416.h 0.17 0.17 BB 0.0000
:; I0._7_ 6_2._3 0.05 0.05 00 0.0000

--_ L ii 7

(



O Q •

muf :Ull2-(3b I_ :03/_/_2
• o_yM :.5_5x10o(WIZDLI0)EKNS01S'mNt: 43,00NtS

_I,E_ : 121.flgl Sm _SN) : 1200.00n
:NutD-uo(loI1453i21))_c_L01DIK:31.11_l

IILI_/I,131:I_.04LIlll 131il_i_ltl311 : lfl.tiS_
: 749.NISSlI; _ : _.10 C

_2(KglLI_
CXZ L_m 0_ l_m rl_ l_m

t L/lm 1 _ x_n m
mm umm mm mm mm mm

• n 37.45 ,.00 :_._ 3s.31 -n.u -1.31 ,
m l.u 1.n I.:4 l.To -o.n ..o.oo
m u/i o.oo o.ol o._ o.u o.oo
co 4o.u ,._ ,n.n ,o.2s -15.4o -o.io

13oS8 nolo I_.15 :,.3s o.n o.#
no n/_ o.oo n/l o.oo o.oo e.oo

O U _ 0.N t.l? 13.31 13.31 0.5t
nn l/i 0.00 O.N 0.11 0.11 0.01

!/1 O.N 0.11 Ooli |.li 0.01
N _ OoN 0.01 0.11 0.11 O.O0

IN.H 174.95 100oH 144.41 o3Q.33 -1.35
O

CUSI_ C_IV_ISI01: II.I_lm |
CUKIN_I_tO_ItSI01: -3.1_IKi_

Cll_ IJCOI_ : _.91
• IB_n_ : _;o;It

_ , : 1N.Ut
_ I_I IIC_I_ : H.nt .

_ : I_,11Uolt/n4_

) Io_ _ donav_ _m m _.

)

•



Aut.OS,'_mpler : NONE 0

RacW/vi_l : o,/o

Interface Serial _ : g21255LOob Data Acquisition Time: 3/'2b/q2 IL:40 AM

Delay Time : 0.00 man.
Time : 15.00 man.

Sampling Rate • 5.0000 pts/sec •

Raw Oata File : c:\2700\datal\OBbaOO4.raw

_e__ult File : c:\2700\datal\OBoaOO4.rst

Instrument File: c:\2700\methods\alcohol_'ins

Process File . c.\2700\methoOskalcohols.prc

Sample File . c:\2700\methodskalcohols-smp

Sequence File : C:\2700\SEQUENCE'\ALCOMOLS.seq Q
__rea Reject : 0.00

Inj. Volume : i MOt 96 Dilution Factor : 1.00

Sample Amount : L.O000

.... ====.:=____=.._....=..==-.-.-=,T.'--''===:==: ====:::===========:= : .................- "" 0

ALCOHOLS
................. --_:

....... :::::::::::::::::::::::::::::::::::::::::::::: ........................ ALCOH
,31-C6 MIXED OLS ..... = - -. -, - - -_. - - = - .T. - :,. :

::::::::::::::::::::::::::: ..... 0#

Peak Time Area Area Norm.AreaBL Amount Component[ppm] Name ................-------''''''''

[mi.][uV,sec][%] [%] ..............................

1 0.726 i_51.34o.le o.leev 12,_.78n,ET,A,E
2 o.m 4,_0.660.07 o.o7v8 22.221s_T,A,[ $
s o.9,_s 7743.Ol1.o2 1.o2le eo:.q'_s_0I,ET,YI.[_,t_
, 1.,01704n3.8192.n ,J2.32ev ,j2788._531,_tT,A,01. _,'_'
5 1.821 8648.12 1.13 1.13 VR 1095.7876 I_ETHYLFORI',ATE

7 2.464 2810.04 0.37 0.37 lib 167.1,_65 M(THYLAC[lATE
8 3.103 6163.11 0.81 0.81 8| 226.1440 l-PftOPANOL _--t-__- _ .. _,_.v.e_,,,v',_,_
9 4.046 98,_.46 O.h_ 0.13 08 15.5204 H(XAH[
I0 4.639 259_.26 _._4 0.34 lid 65.02_6 ISOBUTANOL
11 5._25 3568.56 0.4"/ _).4"/88 9"/.1471 I-8LJTANOL
12 5.983 1157.23 0.15 0.15 08 28.8000 I_ETHYLISOOUTYRATI
13 6.3'/5 902._4 0.12 0.12 08 0.0404
14 _.676 120'/.66 0.16 0.16 lib 24.61"/2 2-H(THYL-I-BUTANOL
15 7.I_1 1862.44 0.24 0.24 88 3"/.5312 I-PF.IiTAN_L
16 8.|66 645._4 0.09 0.0_ OB 12.5_30 2.H(THYL-L-PENTANOL
17 6.656 1341.27 0.18 0.18 08 30.880_ L-H(XAHOL
18 9.535 545.34 0.0"/ 0.07 88 0.0404
19 9.9q"/ 691.44 0.09 0.0'; 88 0.0044)
20 10.778 554.31 0.07 0.0"/ 88 0.04_
21 11.9_3 1558.77 0.20 0.20 80 0.0040
22 12,403 356.21 0.05 0.05 ii! 0.0040



0 [] I :117124)C lSS : 03/26_1
0IL'rllq :SlS'XlX1N(11_ 10) _ 01_ : 41._US
05.flI_ : 111.92OI SI'IISll : 1,_ml

:usr13-110{_ 1453I;_) ci's),_I,tSD_: 31.11m
IIX.II'L'_: l_.OaSX_ (_i,.,fflT_l : 111.atSX_
LqUSSM: 452.7eL_ _ : 2S0._lSC

• _ (un): 5_;.2o_ _l, tout. : is,m
uo_ol _ 3o.ooIL_ )7.33a_r:
li;O/COUTI0IIIllm): O.t_ bit Wa_,sl/h:. 3.11

W Inlet _ ull OuUt
t_ccnc rl_ ktcmc, t.lCOlC_ woe.emc,l_ I_

1 x/m 1 | x_nn I _ ;n_
O _ em_mmmam •

12 31.11 64.34 30.48 45.4!gi.Ol 6.iS 31.11 1.42
12 1,01 1.75 0.L1 O.N I.U i.6 0.07 |.N
C_ _ 0.N 0oN N/I |.N O.N |.N I.N
CO 47.N UoU )1.14 14.1t Sl.II13.N-_1.11-l.tl

O _ 11._ 2_1.1_U.I_ 11.# 9.11 11.11]4.18 1.13
ll0 n_l 0.00 17.t! n/I O.N 1.418 0.00 I.N
N a/l |.N |.N 0.H |.N t.H |.N t.N

_ O.i0 O.W n/I O.N 0.N 0.N 0.00
_ O.N 0.N _ 0.N O.N O.N e.w
_ O.0I 0,00 n/al O.N O.W 0.N O.00

O
100.40 17%73 100.00 _}.33 _o.n IOO.N 3t.34 1.1,1

Clll UOl_ alVlIS_: li.lOI_ t

IYm_ TX_I : 31.31101,11
• ktac_ : _1.54;

• _ _ : I#.I_t
E0VKIX : 104.12t

013Nll0OVlN : I04.1_t
_ : 104.071

O . .o

.

• ....

O

mo_ _ dm_L._o m._

O
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RUN# OPERATION DURATION •

CATALYST ACTIVATION

AF-A2 Activation of 550# of K3-110 catalyst 2.0 days
i_

LPM DEMONSTRATION

AF-R4 Methanol synthesis wlK3-110 6.5
DraJ,n reactor to 275# of catalyst (oxide basis) 0.5

LPS DEMONSTRATION Oi

AF-R5.1 TexacoGas, SV=10000, H2:CO=1:1 2.0
.2 Texaco Gas, SV=10000, H2:CO=2:1 1.0
.3 TexacoGas, SV= 6000, H2:CO,=2:1 1.0
.4 Texaco GT,s, SV= 6000, H2:CO=1:1 1.0

Change-outmethanol inCO2 removalsection 0.5 , OI

AF-R5.5 ShellGas, SV=7000, H2:CO=2:1 1.0
.6 ShellGas, SV=7000, H2:CO=1:1 1.0
.7 Shell Gas, SV=4000, H2:CO=1:1 1.0
.8 ShellGas, SV=4000, H2:CO=2:1 1.0

Prepareforonce-throughoperation 0.5 el

AF-R5.9 H2 Lean Gas, SV=6000, H2:CO=2:1 1.0
.10a POX Gas, SV=6000, H2:CO=20:1 1.0
_0b POX Gas, SV=6000, H2:CO=40:1 1.0

TOTAL 22.0 OI

SV is spacevelocityexpressedas sL/kg-hr. RunsR5.6, R5.7, andR5.10b are optionaland
willbe carded-outif theschedulecan be maintained. The feed gas compositionsto be used

are presentedinTable 2. OI

TABLE2: Feed Gas CompositionsforSpring'92 LPS Demonstration

Component: H2 CO CO2 N2 eL

ShellGas 31.0 65.0 3.0 1.0
TexacoGas 35.0 51.0 13.0 1.0
H2 Lean Gas 1.5 72.0 13,4 13.1
PDX Gas 60.7 37.7 1.6 0.0 •

3. Process Development
-

/
e
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• MEETING NOTES OF PARTNERS' MEETING IN
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n°7201 HamiltonBoulevard
Allentown,PA18195-1501

Telephone(215) 481-4911

Telex:847416Fax: (215) 481.5900

31 March 1992

O

Mr. Gary J. Stiegel
ProjectManager
LiquidFuelsDivision

• PittsburghEnergyTechnologyCenter
US Departmentof Energy
PO Box 10940

o

- 922-H
Pittsburgh, PA 15236

• Dear Gary:

Attached pleasefind:

• Our noteson the Partners'Meetingat Pittsburghon March 19-20.

• * A summary of foUow-updiscussionwith Dr. FredTungate,UCI regardingcatalyst
preparationfor F-T demonstrationat LaPorte.

" A summaryof follow-updiscussionwithDr. RoccoFiato, Exxonregardingstarting
wax at LaPorte.

Q
• Informationon Drakeol-10.

• A ProposedRun Plan for the F-T demonstrationinJuly92.

• Timely commentsfromeveryone on thedistributionlistare welcome.

Yourstruly,

• Dr. Bharat L Bhatt
Senior Principal Process Engineer
PSG Process Engineering
(215) 481-5995

Q

q

z



cc: Dr. UdayaRao Mr. KeijoKinnari
ProjectManager Staff Engineer •
LiquidFuelsDivision Researchand Development
PittsburghEnergyTechnologyCenter Statoii
US Departmentof Energy PO Box300
PO Box10940 N-4001 Stavanger
MS 922-H Norway
Pittsburgh,PA 15236 •

Dr. Hemant B. Gala Dr. RoccoFiato, Exxon
ProjectCoordinator ResearchManager
ProjectDevelopmentDepartment ExxonResearch& EngineeringCo. Q
UOP Inc 180 Park avenue
25 E AlgonquinRd FiorhamPark, NJ 07932
Des Plains, IL 60017-5017

. -.,,%

ODr. DennisM. Brown
TechnologyManager
Methanoland AlternativeFuels
Air Productsand Chemicals,lhc
7201 HamiltonBlvd.

Allentown,PA 18195-1501 •
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NOTES FROM MEETING __"
O_e OfOne

OFMEETI_KDAY , TIME LOCATION"---"- STARTED ENDED

4) 3/19/92-3/20/92 IThursday & 8:30 AM 5:00 PM Holiday Inn Airport,
8:30AM 12:00Noon Pittsburgh

SUBJECTAND/OR PURPOSE

_chPartnersMeet'in
ITEM RESPONSIBLE TARGET

• PERSON(_Nn'_S) DATE D_SCUSmON
1. The partnersagreedtoincludethefollowingindividualsatany

futuremeetingsordiscussionsasnon-financialcontributing
attendees.Each willbringdifferentareasofexpertisetothegroup.
Theyare:

4) • Dr.Norman Cart-StatoilConsultant-hydrodynamicsexpert
• Dr.FredTungate-UCI catalystdeveloper
• Prof.DragoBukur-TexasA&M researchscientist-catalyst

•"_, testingcapabilit_DOE FT advisor

4) UOP UOP notedthattheymay needtosigna secrecyagreementwith
Dr.FredTungate/UCI.Dr.Carrjoinedthe meetingsafterlunch
onThursday.Dr.DavidGray fromMitrewas attendingasDOE's
FT advisor.

4) 2. APCI The possibilityofincludingRentechintheLa.Porteplanningwasdiscussedatseveralpointsduringthemeeting.SinceRentechis

in a partnership with Fuelco and Houser Chemical, this
complicates the matter. They are also busy trying to solve
problems in their own unit at this time. It was suggested that Bob
Senn orDennisBrown ofAPCI contactRentechand determineif

4) theyareavailabletoprovideinsightintopossiblestartup
problems,withlimitedlegalproblems.

Statoil InplaceofpossiblyusingRentech's1.6"bubblecolumnreactor,
Statoilofferedtoruna fewtestsina 2"bubblecolumnreactoronce

4) we havedecidedLaPorteoperatingconditions,thecatalyst,and

thewax startingmaterial.Thiswillprovidean intermediatedata
pointbetweentheautoclavesandtheLaPortereactor.However,
thistestwillnotbeinthedecisionschemeforLaPorte;itwillbe a

parallel effort.
4)

3 The partnersagreedthattheywouldprefertorunlowalpha(0.70-
0.78)casesatLaPortethisyear.However,thiswas a changefrom
ouroriginalobjectivestomake asmuch wax aspossible.The
reasonsforpreferringlowa operationsinclude:

-4) • higherchanceofsuccessforourfirstrun
• minimizeourdependenceonthecatalyst/waxseparation

equipmenttoachievemaximum dayson stream



e

• NOTES FROM MEETING _ _r_"
CONTINUATION TwoOfSix

RESPONSIBLE TARGET DISCUSSION

DOE was interested in using the wax product in their other
programs which include catalyst/wax separation. However,
since APCI proposed a second Fischer-Tropsch run in 1993,
they were willing to forego significant wax production until the
second run and concentrate on reactor performance and days on
stream.

Catalyst 3/24/92 A high c_catalyst Ims been developed by Fred Tungate/UCI for the
Choice summer '92 operations. Much discussion focused on the means

Committee available to either develop a low a catalyst or determine operating
conditions with the present catalyst that would produce a low a

• _ product distribution. The partners agreed they were willing to
accept a delay of I month in the schedule, but not a 2 month or
longer delay. Two phone conversations with Fred Tungate were
held by a sub-group of the partners. Tungate felt he could make a,
low a catalyst by a minor change in the formulation of the catalyst
and without changing the silica binder. He will give a sub-
committee of the partners (B.L. Bhatt/R. Fiato) his schedule for
making this change on March 23 or 24.

UOP The a of the present catalyst has yet to be determined. UOP will
report back when their analysis is complete.

5 UOP 4/1/92 As an alternative to a different catalyst formulation, it was
suggested that the a may drop a sufficient amount by raising the CD
operating temperature by 20°C. The partners have no data on the
present catalyst at different temperatures. There is data on other
catalysts which show varying degrees of a's dependency on
temperature. However, it was stated that although increasing the
temperature may decrease the fraction of products as wax, it could_
cause increased activity, with the result being the same (or higher)
amount of wax product. The partners agreed that on 3/23/92, UOP
will begin a test with the high a catalyst. They will activate the
catalyst using their previous activation method, use the same
liquid medium, run for a few days at their regular operating ¢
temperature of 265 °C to establish a baseline conversion rate, and
then increase the reactor temperature to 285 °C. Run conditions
are 290 psig and 2400 space ve}ocity. Following the operation at
these conditions, LaPorte base conditions of 200 psig, 2500 space
velocityand 265°Cwillbe investigated. C



O

.oTEsF.OM.EET,.G
CONTINUATION

P_e Three OfSix

ITEM I RESPONSIBLF. "TARGET iNO. PERSON(INITIALS! DATE,. . DISCUSSION,,, , , ,, , ,

, , , ,= ,

6. ' Another method discussed for lowering the catalyst a was de-
surfacing the present catalyst by pretreating it with steam. De-
surfacing the catalyst will reduce the sites available for the longer
chain hydrocarbons to grow. However, Rocco Fiato stated that by
pretreating the catalyst in a H2, N2, steam mixture would
deactivate the catalyst by roughly 50%. The partners agreed that
such a reduction in catalyst activity would not be acceptable.

7. Exxon Since low ct conditions will result in a longer turnover period for
the LaPorte reactor, the partners felt that the starting slurry
medium was more important than in a high ct run, where reactor

"_ turnover would occur rapidly. Rocco Fiato will investigate what
' wax starting material Exxon could provide for the operations. The

closer the starting wax is to an FT product, the more legal work
will be required by Exxon to allow its use. Therefore, legal matters .
may require us to use Drakeol as our starting medium.

,, Wax A sub-committeeofBharatBhatt,RoccoFiato,Udaya Rao and
Starting Hemant Galawas identifiedtochosethestartingmedium. They

• Medium willinformtheotherpartnersoftheirchoiceand theirreasons.
Committee

If"a solidExxonwax isprovided,a partialchargeofDrakeolwould
beusedtopreheattheequipmentwhilethewax was beingmelted
externallywithsteamcoils.The liquidwouldthenbe addedtothe

@ Drakeol.

8. DOE A discussionoftheCAER'stestresultsusingDrakeolwiththeUCI
catalystindicatedthatmostparticipantsfeltthatthepoorCO
conversionsseenby CAER may havebeentheresultoftheunit

• (forexample,nogassparger)ortheconditions,ratherthanthe
Drakeol(nocontrolswererun).Udaya Rao willhavean X-ray
analysisdoneonboththespentCAER catalystand some spent
catalysttestedbyUOP.

-O 9. APCI BharatBhattpresentedthegasanalysispointswe areplanningto
useand theuseofDOE methodstodo thegasanalysis.Since
operatingdecisionswillbe made basedon theonlinegasanalysis,
duplicateanalysiswillbe doneon thegassamples.Thiswill
involvealteringthenew FID analyzerand oneofthenew TCD gas

• analyzers.
-.

mm_m4_._
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NOTES FROM MEETING __"
CONTINUATION

P_3e FourOfSix

_M ._S_ONS,"LE TA,_" "' O,SCUSSZON
NO..PS_SONC,N,'nALS_...OA_... ' ....... fl

'DOE/APCI ' ltwas furtheragreedthatJoeHackettofDOE/PETC wouldspend
oneweek atLaPorte,duringthestartup,trainingtheAPCI
analyticaltechnicianintheDOE gassamplingmethods.Afterthe
firstweek,APCI willprovidetwoanalyticaltechnicians.

I

10. DOE/APCI/ On linehydrocarbonanalysiscannotbe doneforthisrun sincethe
Shell LaPortelabistooremotefromthesamplepointsand itislikely

thatthehydrocarbonswillcondenseinthesamplelines.DOE
suggestedthattoinstalltheirhydrocarbonanalysismethodsatthe
LaPortefacilityintimefortherunwouldbe extremelydi_cult, D
duetothedifferentanalyticalcomputersetup.The partners

agreedthatbatchhydrocarbonliquid,aqueous,and wax samples
• willbepriorityshippedtoPETC foranalysisand theywillfaxthe

resultsback toLaPorte.Thisshouldallowfora 48 hour

turnaroundtimeonliquidand wax analysis.Two samplesperdaylD
eachoftheliquidhydrocarbon,wax,and aqueouscutswillbe
analyzed.Thisplanmay bemodifiedwhen Shelljoinsthe
discussions,sincetheyhavepreviouslyofferedanalytical
capabilities.PETC hasthecapabilitiestoanalyzeC1s-C,s
hydrocarbonsandintendstoarchiveallsamplesreceivedfrom q
LaPorteforfuturere-analysis.

Exxon Exxon offeredtoanalyzea_ number ofrepresentativewax
samplesfromtherun.TheiranalyticalcapabilitiesincludeCIo-

Cio.ooo. I

An analyticalsub-committeewas identifiedforfuturedecisions
whichincludedCurtWhite(DOE AnalyticalGroup),Hemant Gala
(UOP),BharatBhatt(APCI),and RoccoFiato(Exxon).

¢
11. UOP/DOE/ A "dryrun"oftheanalyticalmethodswillbe conductedusingthe

Exxon/APCl product=made fromtheUOP autoclavehightemperaturetest.
UOP willforwardtobothPETC and Exxon samplesofthe

hydrocarbonliquidand wax. They willalsosendtoPETC an
aqueousproductsample.With thegasanalysisfromUOP, the C
partnerswilltrytopiecetogethera Schultz-Floryezdistribution.
Inaddition,PETC willsenda sampleoftheirtypicalhydrocarbon
and wax reportstoBharatBha ;,soAPCI cantheLa.Portedata
acquisitionsystem.
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NOTES FROM MEETING __"
CONTINUATION

,,. P_e.FNe Of,Six

ITEM RESPONSIBLE I TARGET• No.. PERSON(_NmALSl. OA_ OlSCUSS_ON

i2." ALL Some areasofoperationswhichwillrequirefurtheractionfrom
thepartnersinclude:
• Due totheexpectedexotherm,itisdesirablethattheLa.Porte

reactoronlybepreheatedto240ocduringcatalystactivation.
• Heatofreactionwillthenincreasethetemperature_rther.

UOP currentlydoescatalystactivationat280oc.Any effects
on catalystactivityofintroducingsyngasatthelower
temperaturewillneedtobe quantL6edbeforetherun.

• The amountofaromaticswhichthepresentcatalystmakes
@ must bequeered beforetheLa.Porterun sothatthe

appropriatesafetyprecautionsmay be taken.

•_ • Ed Heydorn(APCI)willinvestigatehow theanalyticalsamples
• canbe shippedtoPETC foranalysis.The equivalentofMSDS's

willberequired,asmay specialpackagingorground
CD transportation,insteadofair.

• Eachpartnermust letAPCI know what quantityofeach
productcuttheywant attheendoftherun.Thiswillaffect
APCI storageand therefore,APCI safety/hazardanalysis.

• The conceptofloweringtheoperatingpressuretoincreasethe
CD super_qcialvelocitythroughthereactorwas discussed.

Currently,APCI intendstorunLaPorteat200psigand400
psig.

13. BharatBhattpresentedtheresultsfromthecrossflowF.itertests.
•• The resultsweredisappointing,butAPCT hasincorporateda

gravitysettlingmethodintothesystemsothattheRlterswillseea
lessconcentratedslurrythanwas tested.No additionaltestsare
plannedwiththefilterssinceitwouldrequirean additional10to
12Ibsofreducedcatalyst,whichisnotavailable.The firstsetof

CD testsweredonewiththecatalystoxide,ltisImown thatthe
reducedcatalystpropertiesaremuch differentthanthatofthe
oxide.

14. The reactorfeedgaswin havea H2/CO ratioof0.7and will

• containno CO 2.

O
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NOTES FROM MEETING J_)O(J_ _"
CONTINUATION saxo_six

RESPONSIBLE TARGET DISCUSSIONDATE

15. The partnersidentifiedtheircriteriaoi"success:
o highnumber ofdayson stream
, goodcatalystactivity-CO conversionatleast50%
° stablebubblecolumnreactorperformance

° goodcorrelationofcatalystperformancebetweentheautoclaves
and theLaPortereactor

Criterionidentifiedasnotbeingrequiredfora successfulrun
included:
, clean wax product
. % filtrationcatalystrecover_
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Follow-uoDiscussionwithDr.FredTun_oats_'UCI)re<_ardinaCatalystPre0aration

O

Afterthepartners'meetingonMarch19-20,follow-updiscussionswereheldbyDr.Bharat
Bhatt(APCI)andDr.RoccoFiato(Exxon)withDr.FredTungate(UCI)regardingthe
catalystpreparationfortheF-Trunat LaPorte.UCIhasagreedto preparetwodifferent
lowalphacatalystsona smallscalebyendApril.Onebatchwillmadewithabout1%K20

• and1.6%SIO2, startingwlthpotassiumsilicate.Thisrequiresa minimumchangefromthe
currentmethodofproducinghighalphacatalystwhichalsousespotassiumsilicateas
startingmaterial(5.9%K20 and9.7%SiO2). TheK20 toSiO2 ratiowouldremainthe
same. ThesecondbatchwouldinvolveaddingextraSiO2 fromanothersourcemakingup
to5% SiO2. Thesecondbatchwillbea back.upcatalyst,incasethe firstbatchhasless
thanacceptablephysicalpropertiesdueto lowersilicacontent.Boththe sampleswouldbe

li testedforphysicalpropertiessuchasattritionresistanceby UCI. UOPwillquicklyactivity
testthecatalystselectedfromthetwoinearlyMay. Bymid-May,a decisionwillbemade
onwhethertoproceedwitha highora lowalphacatalyst.UCIhasblockedoutpilotplant

"'/time to prepare2000Ibsoftheselectedcatalystbetweenmid-Mayandmid-June.Thus,
thecatalystwouldbepreparedintimefortheJulyrunasscheduled.Dr.UdayaRao
(DOE)andDr.HemantGala(UOP)wereconsultedduringthediscussionsandtheyarein

li agreementwiththeaboveplans.

Follow-uoDiscussionwithDr.RoccoFiato(Exxon_regardingStarting_W_tx

O
Follow-updiscussionswereheldbyDr.BharatBhatt(APCI)withDr.RoccoFiato(Exxon)
regardingthesupplyofthestartingwaxforthe LaPorteF-T run. ForExxonto supplytheir
processwax,theywouldneedtorestrictaccesstotheirwaxandwouldrequirethosewith
theaccesstosigna non-disclosureagreementwiththem. However,sincestartingwax
wouldendupwiththeproductwax, ltwouldbe verydifficulttolimitaccesstothe starting

Q wax. Also,withthe runcomingupinaboutthreemonths,thereisnotenoughtimetoget
legalagreementsinplace. ExxonofferedIsopar,whichisa C20-C30saturatedtsoparaffin
liquid.Inabsenceofavailabilityof wax,APCIwouldratheruseDrakeol-10,whichhas
beenextensivelysuccessfullyusedat LaPorteforLPMEOHandLPDME. Drakeol-10isa
C16-C38saturatedhydrocarbonliquidwhichincludesstraightchainandbranched
paraffinsaswellasnaphtheniccompounds.Dr.RoccoFiatoagreeswiththeplanofusing

• Drakeol-10.Thecatalystperformancewouldbeindependentofstartingmediumsolong
as itdoesnotcontainanycontaminants.Dr.UdayaRao(DOE)andDr.HemantGala
(UOP)wereconsulteddudngthediscussionsandtheyare inagreementwithourplansof
usingDrakeol-10.Drakeol-10willbeusedbyUOPinfuturetestsaftera catalystdecision
hasbeenmade. InformationonDrakeol-10isgivenbelow.

e

InformationonDrakeQl-10

Drakeol-10isawhitemineraloil,manufa_uredbyPenreco.ltcontainsC16-C38saturated
li straightchainandbranchedparaffinsaswellasnaphthenichydrocarbons.Somerelevant

physicalpropertiesof Drakeol-10aregiveninTable1. Resultsofa simulateddistillation
(ASTMD2887-73)to checkfortheoil'sstabilityareshowninFigure1. Acalibrationcurve

II



usingn.alkanesasa standardto identifycarbonnumbersquantitativelyisgiveninFigure
2. C25 isthemaximumingredientof the oil. Theautoclavespentsampleshowsonlya
slightdecreaseinthe lightends(< C20). Density,viscosity,thermalconductivityandheat •
capacityofDrakeol-10as functionof temperaturearegiveninFigures3-6.

ProoosedRunPlan

e

The proposedrunplanasdiscussedatthepartners'meetingissummarizedinTable2.
The planwas_cceptedbythepartners.About780Ibsof catalystand210gallonsof
Drakeol-10willbeloadedin thereactorto makeabout35wt%slurry.Thecatalystwillbe
activatedusing0.7 H2/COsyngasat 2000 nl/hr.kgFe,150 peigand280oc forabout12-
16hours.About1% N2 willbe addedto thesyngasas aninternalstandard.The inletgas •
velocityof about0.23 ft/setwillbesufficientforadequatemixing.Expandedslurryheight
of20 ft,whichismaximum,willbemaintainedthroughoutthe run. ThedeclineinCO2 and

• "_-ise inCH4 contentofthe productgaswillbe monitoredandwhentheyleveloff,the
operatingconditionswillbe changedto RunNo.1.

Thebaselinerunwillbe conductedwith0.7 H2/COsyngas(1%N2)at2500nl/hr-kgFe,
200 psigand265oc. lt isestimatedthat the reactorwillcontainabout490-500Ibsof
catalystduringthe run;the remainingcatalystwillbe intheslurryholdingtankandthe
cross-flowfiltersystem.Theslurryconcentrationinthe reactorwillbe about26wt,,/,.The
inletgasvelocitywillbe about0.14ft/see,whichis the minimumvelocityrequiredfor Q
adequatemixing.RunNo.1willbe continuedfor10daysto checkforstabilizationof the
catalystperformance.Theconditionsof RunNo.1willbe repeatedfor4 daysafterRun
No.3 tocheckforanycatalystdeactivation.

BL_LJ_0.2 ¢

FollowingRunNo. 1,the spacevelocitywillbedoubledto5000 nl/hr-kgFe at200 psigand
265oc to studythe effectofspacevelocity.The inletgasvelocitywillbeabout0.27 ft/sec.
Theseconditionswillbemaintainedfor3 days.

The reactorpressurewillthenbedoubledto 400 psigat 5000ni/hr-kgFeand265oc to
studythe effectofreactorpressure.The inletgas velocitywillbebacktoabout0.14Wsec.
Runat theseconditionswillbecontinuedfor3 days.

CatalystLoadina (

Thecatalystloadingin the aboveplanisbasedontheuseofhighalphacatalyst,requiring
significantcatalyst-waxseparation.The initialloadingmaybe reducedifoureffortsto
preparea lowalphacatalystaresuccessful.Lowerwaxproductionwillmeanlowercatalyst
inventoryoutsidethereactor.Thereactorslurryconcentrationwillremainthesame. _
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Table 1

O
Drakeol,lO PhysicalProoerties

AverageMolecularWeight 366

• Distillation(ASTM D1160), oc
IBP 283
10% 353
50% 407
90% 481

e
Specific Gravity, g/ml

25oc 0.849

• HydrocarbonType (PONA)
% Paraffinic/Naphthenic 65/35

Q
SurfaceTension, DYNE/CM

25oc 30

Viscosity,CP
25oc 31.2

O
PourPoint,oc -7

FlashPoint,oc 185

O

O

O

O

O
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FIGUREI - Simulate'dDistillationof DrakeolI0 Oil _ . )
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• FIGURE Z- Calibration Curve

RUH I 38 HOV 2, 1987 16:27:51 CALl RT LV ANT AMT/AREA•
START-Source I 8.636 I l.eeeeE+e@ 2.BB32E-_4

_'_'" _'_ I_.'l;;_g 2 e.948 1 1.eeeeE+e_ 9.1617E-e5r_= _.918 3 1.524 1 l.BeeeE+ee 5.8343E-e,c
4 2.4, I 2.S20,E-'.

i

t,_-- 2.339 5 3.653 I l.el@SE+e_ 3.4kllE-e_

_3.562 6 4.984 1 1.eBBeE+ee 2.9869E-8_
7 &.284 I 1.8688E+ee 3.2388E-W
8 7.598 I I.eeeeE+ee1.6522E-61

_._..6 9 9.830 I I. eeeeE+ee1.6896E-e;
LW6.170 18 10.968 1 l.eeeoE.,ee 1.1978E-0,11 11.844 1 1.eeeeE+ee 1.2240E-0,

12 12.739 1 1.eeeeE-,ee 1.2558E-e,13 13.615 i 1.8888E+ee 1.3894E-B,
90t52 14 14.468 1 1.e�88E+ee 1.2376E-(Dr

' l_.231 15 15.296 1 1.eeeeE+ee1.2878E-8,

_IQ.S54 16 16.895 I 1.6eeeE+ee 1.8818E-e,.738 17 16.86e I [.eeeeE+ee6.9798E-818 17.6.24 1 1.eeeeE+ee6.9798E-e_
"'3K __..12.624 19 18.327 1 z.eeeeE+ee 1.2835E-e

• _13.501 20 19.691 1 l.eeeeE+ee 1.3235E-e
C_ |4.3._ 21 28.964 I x.eeeeE+ee 1.2464E-0
_ IS.15t 22 22.162 1 1.e888E+88 1. 1839E'-'B
_ 15JJ$e 23 24.366 1 I.BeSBE+68 9.5611E-.e
(" 16.751 24 25.365 I 1.8888E+88 8.7827E-825 26.331 1 1.0888E+88 8.4984E-e

71'49:L_ 26 27.388 1 1.8888E+88 1.8988E+8

19.5811 CALl HARE (1 C7

_22 3 C9

4 C18
5 C11

Q24.238 6 C12
"25.24| 7 C13 CL 8 C14
"2G.211 9 C16

18 C17

25.1ll5 11 CI8
12 C19
13 CZe
14 C21
15 C22
16 I::23
17 C24
18 C25
19 C26
28 C28

STOP 21 C38 OI22
Closins sisal file B:Q56FT1AT.BHC 23 C36

24 C38
RUH# 38 HOY 2, 1987 18:27:51 25 C48

SIGI,It:iLFILE: B:Q56F71AT.BHC 2& C44
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