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DISCLAIMER

This report was prepared by Air Products & Chemicals, Inc. and Eastman Chemical Company for the Air
Products Liquid Phase Conversion Company, L.P., pursuant to a Cooperative Agreement partially funded
by the U.S. Department of Energy, and neither Air Products & Chemicals, Inc., Eastman Chemical
Company, the Air Products Liquid Phase Conversion Company, L.P., nor any of their subcontractors nor
the U.S. Department of Energy, nor any person acting on behalf of either:

(A) Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report may not infringe privately owned
rights; or ‘

(B) Assumes any liabilities with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method, or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute its endorsement, recommendation, or
favoring by the U.S. Department of Energy. The views and opinions of authors expressed herein does
not necessarily state or reflect those of the U.S. Department of Energy.
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Acurex Environmental Corporation

Air Products and Chemicals, Inc.

Alternative Fuels Development Unit - The “LaPorte PDU.”

A syngas with a composition of hydrogen (H,), carbon monoxide (CO), and

carbon dioxide (CO,) in stoichiometric balance for the production of methanol

A syngas containing primarily carbon monoxide (CO); also called CO Gas

dimethyl ether

United States Department of Energy

The DOE's Pittsburgh Energy Technologh Center (Project Team)

The DOE's Headquarters - Clean Coal Technology (Project Team)

Demonstration Test Plan - The four year Operating Plan for Phase 3, Task 2 Operation
Design Verification Testing

Eastman Chemical Company

Environmental Information Volume

Environmental Monitoring Plan

Electric Power Research Institute

Hazardous Air Pollutants

A syngas containing an excess of hydrogen (H,) over the stoichiometric balance for
the production of methanol; also called H, Gas

Integrated Gasification Combined Cycle, a type of electric power generation plant
An IGCC plant with a "Once-Thru Methanol"” plant (the LPMEOH™ Process) added-on.
Thousand Standard Cubic Feet per Hour

The DOE-owned experimental unit (PDU) located adjacent to Air Product’s industrial
gas facility at LaPorte, Texas, where the LPMEOH™ process was successfully piloted.
Liquid Phase DME process, for the production of DME as a mixed coproduct with
methanol

Liquid Phase Methanol (the technology to be demonstrated)

methyl tertiary butyl ether

National Environmental Policy Act

Occupational Safety and Health Administration

Air Products Liquid Phase Conversion Company, L.P.

Process Development Unit

Process Flow Diagram(s)

parts per billion

Production of Methanol/DME Using the LPMEOH™ Process at an

Integrated Coal Gasification Facility

Pounds per Square Inch (Absolute)

Pounds per Square Inch (gauge)

Piping and Instrumentation Diagram(s)

Standard Cubic Feet per Hour

Standard Liter(s) per Hour per Kilogram of Catalyst

Abbreviation for Synthesis Gas

A gas containing primarily hydrogen (H,) and carbon monoxide (CO), or mixtures of
H, and CO; intended for "synthesis" in a reactor to form methanol and/or other
hydrocarbons (synthesis gas may also contain CO,, water, and other gases)

the interconnection(s) between the LPMEOH™ Process Demonstration

Facility and the Eastman Facility

Ton(s) per Day

Work Breakdown Structure

weight
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xecuti mm

The Liquid Phase Methanol (LPMEOH™) Demonstration Project at Kingsport, Tennessee, is a $213.7 million
cooperative agreement between the U.S. Department of Energy (DOE) and Air Products Liquid Phase
Conversion Company, L. P. (the Partnership). The LPMEOH™ Process Demonstration Unit will be built at a
site located at the Eastman Chemical Company (Eastman) complex in Kingsport.

On 4 October 1994, Air Products and Chemicals, Inc. (Air Products) and Eastman Chemical Company
(Eastman) signed the agreements that would form the Partnership, secure the demonstration site, and provide
the financial commitment and overall project management for the project. These partnership agreements
became effective on 15 March 1995, when DOE authorized the commencement of Budget Period No. 2 (Mod.
A008 to the Cooperative Agreement). The Partnership has subcontracted with Air Products to provide the
overall management of the project, and to act as the primary interface with DOE. As subcontractor to the
Partnership, Air Products will also provide the engineering design, procurement, construction, and
commissioning of the LPMEOH™ Process Demonstration Unit, and will provide the technical and engineering
supervision needed to conduct the operational testing program required as part of the project. As subcontractor
to Air Products, Eastman will be responsible for operation of the LPMEOH™ Process Demonstration Unit, and
for the interconnection and supply of synthesis gas, utilities, product storage, and other needed services.

The project involves the construction of an 80,000 gallons per day (260 TPD) methanol unit utilizing coal-
derived synthesis gas from Eastman’s integrated coal gasification facility. The new equipment consists of
synthesis gas feed preparation and compression facilities, the liquid phase reactor and auxiliaries, product
distillation facilities, and utilities.

The technology to be demonstrated is the product of a cooperative development effort by Air Products and DOE
in a program that started in 1981. Developed to enhance electric power generation using integrated gasification
combined cycle (IGCC) technology, the LPMEOH™ process is ideally suited for directly processing gases
produced by modern-day coal gasifiers. Originally tested at a small, DOE-owned experimental unit in LaPorte,
Texas, the technology provides several improvements essential for the economic coproduction of methanol and
electricity directly from gasified coal. This liquid phase process suspends fine catalyst particles in an inert
liquid, forming a slurry. The slurry dissipates the heat of the chemical reaction away from the catalyst surface,
protecting the catalyst and allowing the methanol synthesis reaction to proceed at higher rates.

At the Eastman complex, the technology will be integrated with existing coal-gasifiers. A carefully developed
test plan will allow operations at Eastman to simulate electricity demand load-following in coal-based IGCC
facilities. The operations will also demonstrate the enhanced stability and heat dissipation of the conversion
process, its reliable on/off operation, and its ability to produce methanol as a clean liquid fuel without additional
upgrading. An off-site product testing program will be conducted to demonstrate the suitability of the methanol
product as a transportation fuel and as a fuel for stationary applications for small modular electric power
generators for distributed power.

The four-year operating test phase will demonstrate the commercial application of the LPMEOH™ process, to
allow utilities to manufacture and sell two products: electricity and methanol. A typical commercial-scale
IGCC coproduction facility, for example, could be expected to generate 200 to 350 MW of electricity, and to
also manufacture 45,000 to 300,000 gallons per day of methanol (150 to 1000 TPD). A successful
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demonstration at Kingsport will show the ability of a local resource (coal) to be converted in a reliable (storable)
and environmentally preferable way to provide the clean energy needs of local communities for electric power
and transportation.

This project may also demonstrate the production of dimethyl ether (DME) as a mixed coproduct with methanol
if laboratory and pilot-scale research and market verification studies show promising results. If implemented,
the DME would be produced during the last six months of the four-year demonstration period. DME has
several commercial uses. In a storable blend with methanol, the mixture can be used as a peaking fuel in
gasification-based electric power generating facilities, or as a diesel engine fuel. Blends of methanol and DME
can be used as chemical feedstocks for synthesizing chemicals, including new oxygenated fuel additives.

The project was reinitiated in October of 1993, when DOE approved a site change to the Kingsport location.
DOE conditionally approved the Continuation Application to Budget Period No. 2 (Design and Construction) in
March of 1995 and formally approved it on 1 June 1995 (Mod M009). Since then the project has been in
Design - Phase 1 - activities; and moved also into Construction - Phase 2 - activities in October of 1995. The
project required review under the National Environmental Policy Act (NEPA) to move to the construction
phase. DOE prepared an Environmental Assessment (DOE/EA-1029), and subsequently a Finding of No
Significant Impact (FONSI) was issued on 30 June 1995. The demonstration unit is scheduled to be
mechanically complete in November of 1996. :

During this quarter, site preparation construction work for the LPMEOH™ plant began on 2 October 1995. Air
Products and Eastman held a status review with the DOE on 17 October 1995; following the Project
groundbreaking ceremony held at the Kingsport site on 16 October 1995.

Detailed design of the facility is at a peak. Purchase of manual valves and of control valves and other
instrumentation has begun. Equipment began arriving at the site. The majority of the piping tie-ins to the
existing Eastman facility have been made. Site preparation work was completed, and foundation installation
has begun.

An updated Project Management Plan was prepared. The updated plan reflects the restoration of three budget
periods, as well as work completed since the previous plan. Activities to update the off-site Fuel-Use Test Plan
were initiated. The draft Environmental Monitoring Plan (EMP) and the draft Demonstration Test Plan (DTP)
were issued to DOE, comments received, and revised draft plans were being prepared.

Procurement of process equipment is nearly complete. Thirty-seven percent (37%) of the $36 million in funds
authorized for the Kingsport portion of the LPMEOH™ Process Demonstration Project through Budget Period
No. 2 have been expended (as invoiced) as of 31 December 1995.

A. Introduction

The Liquid Phase Methanol (LPMEOH™) demonstration project at Kingsport, Tennessee, is a $213.7 million
cooperative agreement between the U.S. Department of Energy (DOE) and Air Products Liquid Phase
Conversion Company, L. P. (the Partnership). A demonstration unit producing 80,000 gallons per day (260
TPD) of methanol is being designed and constructed at a site located at the Eastman Chemical Company
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(Eastman) complex in Kingsport. The Partnership will own and operate the facility for the four-year
demonstration period.

This project is sponsored under the DOE's Clean Coal Technology Program, and its primary objective is to
“demonstrate the production of methanol using the LPMEOH™ Process in conjunction with an integrated coal
gasification facility.” The project will also demonstrate the suitability of the methanol produced for use as a
chemical feedstock or as a low-sulfur dioxide, low-nitrogen oxides alternative fuel in stationary and
transportation applications. The project may also demonstrate the production of dimethyl ether (DME) as a
mixed coproduct with methanol, if laboratory- and pilot-scale research and market verification studies show
promising results. If implemented, the DME would be produced during the last six months of the four-year
demonstration period. ’

The LPMEOH™ process is the product of a cooperative development effort by Air Products and the DOE ina
program that started in 1981. It was successfully piloted at a 10-TPD rate in the DOE-owned experimental unit
at Air Products' LaPorte, Texas, site. This demonstration project is the culmination of that extensive
cooperative development effort.

B. ProjectD iption
Existing Site

The demonstration unit, which will occupy an area of 0.6 acre, will be integrated into the existing 4,000-acre
Eastman complex located in Kingsport, Tennessee. The Eastman complex employs approximately 12,000
people. In 1983, Eastman constructed a coal gasification facility utilizing Texaco technology. The synthesis
gas generated by this gasification facility is used to produce carbon monoxide and methanol. Both of these
products are used to produce methyl acetate and ultimately cellulose acetate and acetic acid. The availability of
this highly reliable coal gasification facility was the major factor in selecting this location for the LPMEOH™
Process Demonstration. Three different feed gas streams (hydrogen gas, carbon monoxide gas, and balanced
gas) will be diverted from existing operations to the LPMEOH™ demonstration unit, thus providing the range of
coal-derived synthesis gas ratios (hydrogen to carbon monoxide) needed to meet the technical objectives of the
demonstration project.

For descriptive purposes and for design and construction scheduling, the project has been divided into four
major process areas with their associated equipment:

Reaction Area - Synthesis gas preparation and methanol synthesis reaction equipment.
Purification Area - Product separation and purification equipment.

Catalyst Preparation Area - Catalyst and slurry preparation and disposal equipment.
Storage/Utility Area - Methanol product, slurry, and oil storage equipment.

The physical appearance of this facility will closely resemble the adjacent Eastman process plants, including
process equipment in steel structures.
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Reaction Area

The reaction area will include feed gas compressors, catalyst guard beds, the reactor, a steam drum, separators,
heat exchangers, and pumps. The equipment will be supported by a matrix of structural steel. The most salient
feature will be the reactor, since with supports, it will be approximately 84-feet tall.

Purification Area

The purification area will feature two distillation columns with supports; one will be approximately 82-feet tall,
and the other 97-feet tall. These vessels will resemble the columns of the surrounding process areas. In
addition to the columns, this area will include the associated reboilers, condensers, air coolers, separators, and
pumps.

Catalyst Preparation Area

The catalyst preparation area consists of a building with a roof and partial walls, in which the catalyst
preparation vessels, slurry handling equipment, and spent slurry disposal equipment will be housed. In addition,
a hot oil utility system is included in the area.

Storage/Utility Area

The storagef/utility area will include two diked lot-tanks for methanol, two tanks for oil storage, a slurry holdup
tank, a trailer loading/unloading area, and an underground oil/water separator.

C. Process Description

The LPMEOH™ demonstration unit will be integrated with Eastman's coal gasification facility. A simplified
process flow diagram is included in Appendix A. Synthesis gas is introduced into the slurry reactor, which
contains a slurry of liquid mineral oil with suspended solid particles of catalyst. The synthesis gas dissolves
through the mineral oil, contacts the catalyst, and reacts to form methanol. The heat of reaction is absorbed by
the slurry and is removed from the slurry by steam coils. The methanol vapor leaves the reactor, is condensed
to a liquid, sent to the distillation columns for removal of higher alcohols, water, and other impurities, and is
then stored in the day tanks for sampling before being sent to Eastman's methanol storage. Most of the
unreacted synthesis gas is recycled back to the reactor with the synthesis gas recycle compressor, improving
cycle efficiency. The methanol will be used for downstream feedstocks and in off-site fuel testing to determine
its suitability as a transportation fuel and as a fuel for stationary applications in the power industry.

TPR6F.DOC Oct - Dec 95 Page 8 of 32




roj tatus

The project status is reported by task, and then by the goals established by the Project Evaluation Plan for
Budget Period No. 2 (see Appendix B). Major accomplishments during this period are as follows:

Task 1.2 Permitting

For this task the Project Evaluation Plan for Budget Period No. 2 establishes these goals:

Issue the final Environmental Information Volume (EIV) to support the DOE’s Environmental
Assessment/Finding of No Significant Impact.

- The NEPA review was completed 30 June 1995 with the issuance of an Environmental Assessment
(DOE/EA-1029) and Finding of No Significant Impact (FONSI). The final EIV is being prepared.

Obtain permits necessary for construction and operation.

- The construction and operation permits have been obtained.

Task 1.3 Design Engineering
For this task the Project Evaluation Plan for Budget Period No. 2 establishes these goals:
e Prepare the Environmental Monitoring Plan (EMP).

- The Draft EMP was submitted to DOE on 9 October 1995. DOE's comments were received, and a
revised draft EMP is being prepared.

o Complete the design engineering necessary for construction and commissioning. This includedes Piping
and Instrumentation Diagrams, Design Hazard Reviews, and the conduct of design reviews.

- During this reporting period, Process Engineering work focused on:

Reviewing Piping Design
Designing Vent Scrubber (C-120)

- Engineering work is focused on:

Designing the Vent Header System

Reviewing vendor data

Writing Specification for Instruments

Developing Distributed Control System (DCS) logic and documentation.
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- Design Work focused on:

Completing the Foundation Bid Package
Completing the Fire Protection System Bid Package
Completing the Structural Steel Bid Package
Continuing Piping Design

Continuing Electrical Design

Task 1.4 Off-Site Testing (Definition and Design)

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this task:

e Prepare the fuel-use demonstration plan for Phase 3, Task 4 Off-Site Product Use Demonstration. This
off-site test plan will be incorporated into an updated, overall (fuel and chemical) product-use test plan
(in Phase 1, Task 5).

Discussion

The fuel test plan, developed to support the demonstration at the original Cool Water Gasification Facility in
1992, has become outdated. Since the site change to Eastman, the original fuel test plan under-represents new
utility dispersed electric power developments, and possibly new mobile transport engine developments. The
updated fuel test plan will attempt for broader market applications and for commercial fuels comparisons.

The objective of the fuel test plan update will be to demonstrate commercial (e.g., economic) market
applications (municipal, industrial and electric utility) replacing or supplementing (gasoline, diesel, natural gas)
commercial fuels, based on expected (1998 to 2018) U.S. energy market needs when the technology is to be
commercialized.

A limited quantity (up to 400,000 gallons) of the methanol product as produced from the demonstration unit
will be made available for fuel-use tests. Fuel-use tests will be targeted for an approximate 18-month period
starting in January of 1998. The methanol product will be available ex-works from the demonstration unit in
Kingsport, Tennessee, at below market pricing. The objective of these fuel-use tests is to demonstrate the
suitability of the product for use in applications that would enhance the commercial acceptance of the
LPMEOH™ technology. The Electric Power Research Institute (EPRI) will provide guidance in identifying the
application (e.g., direct use in distributed power generators such as fuel cells, diesels and internal combustion
engines) which would best meet the electric utility industry needs. Air Products and Acurex Environmental
Corporation (Acurex) will develop the final fuel-use test plan, which is to be prepared by June of 1996.

Activity during this quarter

- Meetings with Acurex and with EPRI were held during the last week in October, in
conjunction with EPRI's power generation (gasification) conference.
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- The meeting with Acurex was held on 23 October 1995. Two agenda items were discussed:
1. The revisions needed to the Subcontract (dated 21 December 1992). The main change
needed was to incorporate the new Statement of Work (incorporated with Mod. A008 to the
Cooperative Agreement) and to allow for the revised Project schedule that has been developed
since the Project was reinitiated in October of 1993 at Kingsport. A draft amendment was to
be prepared, for DOE review, which would also include minor changes to the Statement of
Work, to clarify EPRI's role. 2. Fuel Test Plan Revisions. The change in host site (to
Kingsport) and the revised test schedule (from the original fuel test plan proposal) requires
that a new fuel test plan be developed. Possibilities, including additional transportation (bus
and automobile) and distributed power (electric utility) testing were discussed.

- Air Products and Acurex representatives met with with EPRI's Manager, Distributed
Generation on 26 October 1995. This was an introductory meeting, to develop communication
channels, and outline the possibilities for cooperative testing. The "Fuel Test Plan Update
Objectives" and the exerpt from EPRI's brochure on Distributed Generation (Copy of each is
in Appendix C.) was discussed. EPRI is involved in distributed generation benefit analysis,
as well as in a number of fuel cell developments, which could be applicable to distributed
generation. Since the fuel testing will not occur until 1998, immediate action by Acurex in
developing the plan will be deferred. The possibilities for cooperation with EPRI in specific
methanol product fuel-use testing will be explored as the test period nears.

Task 1.5 Planning and Administration
Task 1.5.1 Product-Use Test Plan

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this task:

¢ Update the (fuel and chemical) product-use test plan to better meet the technical objectives of the project
and serve the needs of commercial markets.

- Air Products and Eastman will update plans for the on-site product use demonstrations. The schedule
for on-site product-use tests was established for August to October of 1997. Product-use test plan
details will be developed in 1996, in parallel with the operating test plan (Phase 2, Task 3); and in
combination with the off-site fuel-use test plan (Phase 1, Task 4). These are to be developed by June
of 1996. No additional activity occurred during this reporting period.

Task 1.5.2 Commercialization Studies

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this task:

e Complete economic studies of important commercial aspects of the LPMEOH™ process to enhance
IGCC electric power generation. These studies will be used to provide input to the LPMEOH™ Process
Demonstration Unit operating test plan (Phase 2, Task 3).
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Discussion

A number of areas have been identified as needing development to support specific commercial design studies.
These include: a) Product Purification options; b) Front End Impurity Removal options; ¢) Catalyst
Addition/Withdrawal options; and d) Plant Design Configuration options. These are summarized in the
Process Engineering/Value Engineering Work Plan, included in Appendix D. Plant sizes in the range of 300
TPD to 1800 TPD and plant design configurations for the range from 20% up to 70% synthesis gas conversion
will be considered. The Kingsport demonstration unit design and costs will be the basis for value engineering
work to focus on specific cost reduction targets in developing the initial commercial plant designs.

iviti ing thi I

- During this quarter, the work on process economic studies was generally of lower priority than Task
1.3 Design Engineering. However, some work on this Task 1.5.2 was accomplished during the
quarter:

a) The design data base (from Labaratory R&D and the LaPorte PDU) for reactor
temperature/catalyst life/productivity was reviewed. As a result, recommendations were
made to include additional reactor productivity and catalyst life tests, at various reactor
temperatures, in the Demonstration Test Plan (Task 2.3).

b) Catalyst addition/withdrawal options were reviewed. The Kingsport demonstration unit
design is capable of on-line partial addition/withdrawl (when the LPMEOH™ unit is
operating), which provides maximum operating flexibility. Two other de51gn options: Off-
line partial addition/withdrawal (during planned outages of the LPMEOH™ unit), and/or
no partial addition/withdrawl capability; (like gas phase methanol units) would be less
capital intensive systems, which could be applicable for certain commercial plants. The
Demonstration Test Plan will be modified to include reactor temperature (ramping) data on
fresh catalyst during startup; in order to provide the des1gn data needed for these alternative
catalyst addition/withdrawal options on future LPMEOH™ unit designs.

¢) Process design work for the product purification options for three grades of methanol
product: chemical, methyl tertiary butyl ether, and fuel; was partially completed.

- A few site-specific studies (Japan, Europe, EPRI), including dispatch (electric power) analysis and
IGCC/design optimization will be developed. These studies would be done in parallel with the process
economic study work and would help establish "real" commercial design targets. Deregulation of the
electric power generation industry has changed the traditional U.S. utility's focus on longer-term
planning and has delayed interest in these studies. Discussions are on-going with a few potential
customers for add-on liquid phase methanol units, primarily for oil refinery gasification studies. These
potential gasification projects are in the study phase. Site specific work will be deferred for now.

TPR6F.DOC Oct - Dec 95 Page 12 of 32




Task 1.5.3 DME Design Verification Testing

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this task:

e Perform initial Design Verification Testing (DVT) for the production of dimethyl ether (DME) as a
mixed coproduct with methanol. This activity includes laboratory R&D and market economic studies.

- The project milestone schedule shows that the first decision point, on whether to continue with
DME DVT, is targeted for 1 December 1996. DVT is required to provide additional data for
engineering design and demonstration decision-making. The essential steps required for decision-
making are: a) confirm catalyst activity and stability in the laboratory, b) develop engineering
data in the laboratory, and ¢) confirm market(s), including fuels and chemical feedstocks. The
DME Milestone Plan, showing the DVT work and the decision and implementation timing, is
included in Appendix E.

Action during this quarter included Market Economic Studies and Laboratory R&D.

Market Economic Studies

No specific work was done during this quarter. The market verification work (Items B. 2 and B. 3 in the DME
Milestone Plan in Appendix E) will be deferred for at least another three months, pending positive results from
the laboratory R & D program in finding a stable catalyst system.

Laboratory R&D

Initially, synthesis of DME concurrently with methanol in the same reactor was viewed as a way of overcoming
the synthesis gas conversion limitations imposed by equilibrium in the LPMEOH™ process. Higher synthesis
gas conversion would provide improved design flexibility for the coproduction of power and liquid fuels from
an IGCC facility. The liquid phase DME (LPDME) process concept seemed ideally suited for the slurry-based
liquid phase technology, since the second reaction (methanol to DME) could be accomplished by adding a
second catalyst with dehydration activity to the methanol-producing reactor. Initial research work determined
that two catalysts, a methanol catalyst and an alumina-based dehydration catalyst, could be physically mixed in
different proportions to control the yield of DME and of methanol in the mixed product. Proof-of-concept runs,
in the laboratory and at the Alternative Fuels Development Unit (AFDU), confirmed that a higher synthesis gas
conversion could be obtained when a mixture of DME and methanol is produced in the liquid phase reactor.

Subsequent catalyst activity-maintenance experiments have shown the catalyst system utilized in the proof-of
concept runs experienced relatively fast deactivation compared to the LPMEOH™ process catalyst system.
Further studies of the LPDME catalyst deactivation phenomenon were therefore initially undertaken under DOE
Contract No. DE-FC22-95PC93052, and are being continued under Task 1.5.3. This LPDME catalyst
deactivation research has determined that an interaction between the methanol catalyst and the dehydration
catalyst is the cause of the loss of activity. Parallel research efforts--a) to determine the nature of the
interaction; and b) to test new dehydration catalysts--are being undertaken. During the last quarter, work
concentrated on the screening of LPDME catalysts. Most catalysts exhibited poorer stability than the standard
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dual catalyst system. Efforts were also made to understand the nature of the detrimental interaction between the
methanol synthesis and dehydration catalysts under LPDME conditions. The quarterly report, prepared for
Contract DE-FC22-95PC93052 for the period July - September 1995, is included in Appendix D for reference.

Summary of Laboratory Activity and Results

e Baseline LPDME tests using a copper-lined reactor for both methanol and DME synthesis exhibited the
same behavior as observed for the normal reactor. Thus, abrasion of the stainless steel walls was ruled out
as a possible source of the faster aging observed in the laboratory reactors relative to the AFDU.

e At low levels of lithium doping, the alumina dehydration catalyst was not effective in reducing aging in
LPDME synthesis. Higher levels had reduced methanol catalyst aging, but deactivated the dehydration
function. Work to understand the correct level of doping continues.

e The bifunctional single particle DME catalyst patented by Shell deactivated rapidly in both slurry and gas
phase reactions.

e Tetraglyme, a hydrophobic ether, is an unsuitable slurry media for DME service due to its reactivity with
alumina at reaction temperatures.

e Encapsulation of alumina with silica oxide did not increase catalyst life. Fracture of the alumina particles is
the most likely cause of this behavior.

e Modified Catapal B gamma-alumina, zinc ion-exchanged zeolite, and silicon ammonia phosphate were
tested for use as the dehydration catalyst. Modification of the gamma-alumina did not help with the stability
of the catalyst system. The activity of the latter two samples was nil. Although the silicon ammonia
phosphate sample is inert in the LPDME run, fast long-term deactivation of the methanol catalyst was
observed in this catalyst system.

o Life data reported in the literature using a copper oxide-modified alumina dehydration catalyst are
conclusive because of (unreported) mass transfer limitations in their testing apparatus. The life run was
repeated under the conditions free of mass transfer limitations in a 300cc autoclave using Air Products’
version of this catalyst. The results show that the catalyst system deactivated at a rate similar to Air
Products’ standard dual catalyst system.

e Catalysts in both LPMEOH™ and LPDME runs deactivate faster in the microclave (50cc) reactors with
smaller volume-to-surface ratios. This suggests that there is an experimental artifact, or a deactivation
mechanism, that becomes more pronounced in a reactor with smaller volume-to-surface ratio. Studies to
identify what this artifact or deactivation mechanism is, and how much it contributes to the long-term
deactivation of the catalysts in LPDME runs are on-going. Poisons in the feed gas have been ruled out.

Task 1.5.4 Administration and Reporting

An updated Project Management Plan dated 10 October 1995 was prepared and submitted. The updated plan
reflects the restoration of three budget periods, as well as work completed since the previous Project
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Management Plan was submitted. The roles of Acurex Environmental Corporation and of the Electric Power
Research Institute were more clearly defined, including their relationship to the Partnership, Air Products,
Eastman Chemical Company, and each other. DOE review found the updated plan to be detailed and well
prepared. Some clarifications and revisions for the next update were suggested.

The Liquid Phase Methanol (LPMEOH™) Demonstration Project Groundbreaking Ceremony was held on 16
October 1995. The Project became the 31st in the U. S. Department of Energy's Clean Coal Technology
Program to be under construction. The Air Products and Eastman teams planned and coordinated the ceremony.
Acknowledgment letters to Congressional, U.S. Department of Energy and Corporate officials who participated
in the ceremony are included in Appendix F. All the participants showed the commitment and dedication to the
successful demonstration of the LPMEOH™ Process. The Kingsport area newspapers and local television
stations covered the event. Extracts of the news coverage is also included in Appendix F.

A project review meeting was held on 17 October 1995 in Kingsport. Attendees from Air Products, Eastman,
and DOE participated. The project status was reviewed. Piping design is fully underway, and site preparation
construction work has started. Construction for foundation and underground work, began on 27 October 1995.
The preparation of the Environmental Monitoring Plan and the Demonstration Test Plan was discussed. The
design and construction schedule forecast for mechanical completion is 15 November 1996. The agenda,
extracts from the meeting handouts, and the meeting notes are included in Appendix G.

The Milestone Schedule Status Report and the Cost Management Report, through the period ending 31
December 1995, are included in Appendix H. These two reports show the current schedule, the percentage
completion and the latest cost forecast for each of the Work Breakdown Structure tasks. The demonstration unit
is scheduled to be mechanically complete in November of 1996. Thirty-seven percent (37%) of the $36 million
of funds budgeted for the Kingsport portion of the LPMEOHTM Process Demonstration Project through Budget
Period Period No. 2 have been expended (as invoiced), as of 31 December 1995.

The schedule for completion of the major Budget Period No. 2 Tasks, is unchanged. Construction (Task 2.2) is
still forecast for completion by 15 November 1996. Start-up activities (Task 3.1) are still forecast to commence
on 31 October 1996, and to be completed by 01 February 1997.
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The Cost Plan for fiscal year (FY) -1996 was submitted on 31 October 1995. A major cost reforecast, by Task,
was included in the FY-96 Cost Plan. The reforecasted costs are shown in the Cost Management Report in
Appendix H, and are summarized in the following table.

For m Tabl. FY1996 FY1995 Change in
(Costs in $1,000's) Cost Plan Cost Plan For e
k D mitted: 31 Oct. 1995 2 1994 Costs

Non-Kingsport Portion of Project
1.1 Pre-award & Proj. Def. (Prior to Mod $16289 $ 16851 $ (562)
002.):
1.4 Off-site Testing (Plan and Design) $ 320 $ 324 $ (9
2.4 Off-site Testing (Construction) $ 261 $ 305 $§ (49
3.4 Off-site Testing (Operation) 3 3840 $ 3792 $ +48
Sub-Total; Non-Kingsport Portion of Project: $20710 $ 21272 $ (562
Kingsport Portion of Project:
1.1 Project Definition $ 1021 $ 1230 $ (209)
1.2 Permitting $ 246 $ 288 $ (52
1.3 Design Engineering $ 9960 $ 8206 $ +1754
1.5 Planning, Admin. & DME DVT $ 1892 ) $ 1663 $ +229
2.1 Procurement $ 9783 $10953 $ (1170)
2.2 Construction $11200 $11500 $ (300)
2.3 Training & Commissioning $1197 $ 897 . $ +300
2.5 Planning & Admin. $ 681 $ 681 S$ 0
Sub-Total; Kingsport Phase 1& 2 Portion: 835980 _$35418 S$ +562
Sub-Total; Phase 3 (Operation at Kingsport) $157010 $157010 S 0

Total Project Cost Forecast $213700 $213700 $ 0
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Discussi f For

There was no change in the total cost forecast, however, there were variations within the
WBS tasks.

e The Project Definition (Task 1.1) and Permitting (Task 1.2) tasks are essentially
complete. Their forecasted costs (including costs prior to Mod. 002) were reduced by
about $0.8 million. The prior to Mod. 002 cost reduction reflects lower actual costs,
as audited, of the prior work. The reduction in Tasks 1.1 and 1.2 at Kingsport, reflect
the good cooperation of the three (DOE/Eastman/Air Products) participants in
defining the scope and the management basis for the Project at Kingsport, and the
early completion of these Budget Period No. 1 tasks.

e The Procurement (Task 2.1) task is now more than 80% complete. The cost forecast
was reduced by about $1.2 million, reflecting actual expenditures, commitments and
an estimate of the costs to complete. The reduction in the cost forecast reflects the
good initial process scope definition (from Task 1.1), and favorable competitive
bidding.

e The Design Engineering (Task 1.3), the Planning, Administration, & DME -DVT
(Tasks 1.5) tasks are about 70% completed. The cost forecast for these tasks was
increased by about $2.0 million. This reflects:

a) The impact of the unexpected 3 to 4 month delay in transitioning from Budget
Period No. 1 to Budget Period No. 2. The project team was kept together during
the transition approval period, in order to not lose momentum, and to try and
hold the schedule for start-up of in December of 1996. Some initial process
design work was accomplished during this intransition period, but the delay in
initiating Procurement (Task 2.1) necessarily delayed the availability of the
engineering details of the process equipment needed to initiate the foundation
and structural engineering design. This required extra engineering design
revision, as the final equipment design details differed from the preliminary
designs incorporated in the construction bid packages.

b) The detailed engineering design requirements were under-estimated in the initial
Cost Plan budget. The first-of-a-kind, pioneer plant design effort that was
needed to provide the scale-up to commercial size was underestimated. The
acquisition of the operational data to support future engineering designs, as
better defined in the Environmental Monitoring Plan and in the Demonstration
Test Plan (DTP) documents, added an unanticipated engineering effort for the
final plant design.

o There were small, off-setting, changes in the other Tasks. The commissioning work
(Task 2.3) has been better defined during the DTP development, and some of the
work estimated to be in the Start-up (Task 3.1) should really have been included in

TPR6F.DOC Oct. - Dec. 95 17 of 32




Task 2.3. The Phase 3 cost reforecast will be done later (for the FY-97 Cost Plan),
but will reflect lower costs for Task 3.1 (Start-up). The Construction costs (Task 2.2)
were reduced due to favorable bidding on the early construction bid packages, and on
the anticipation that the design and procurement deliverables schedule will be
maintained, so that construction work can be completed as scheduled.

The monthly reports for October, November, and December were submitted. These reports
include the Milestone Schedule Status Report, the Project Summary Report, and the Cost
Management Report.

Task 2.1 Procurement

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this
task:

o Complete the bidding and procurement for all equipment and Air Products-supplied
construction materials.

- The status of equipment purchases is shown in the "Specification Status-
Equipment" report included in Appendix I. This report, prepared on 2 Jan 1996,
shows that orders have been placed for all equipment items except the Vent
Scrubber.

- The reactor fabrication continues at Joseph Oat Corporation in Camden, N.J.
Three of the seven stainless steel clad plates were sensitized (to carbonyl
formation) during an annealing step prior to rolling. This was due to their being
left at the annealing temperature for too long a period of time. These plates were
required to be reheattreated to restore the stainless steel to a non-sensitized
condition. The time involved in analyzing the plates, deciding on an acceptable
solution, reheat treating, and rolling has caused a 5-month delay in completing
fabrication of the reactor. As of the end of December, the shell plates have been fit
up and most of them welded together.

The nozzles have been welded into the top and bottom heads. The bottom head
has been welded to the shell course.

The internal heat exchanger fabrication is progressing. The tubes have been laid in
their support grid assembly and the header piping has been fabricated. The bottom
headers have been welded to tube bundle.

The inlet gas sparger components have been fabricated. Air Products has
requested Joseph Oat to punch the sparger holes again to meet the tolerance
requirements. The current ship promise date is March of 1996.
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Task 2.2 Construction

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this
task:

¢ Provide construction management for contractor coordination and compliance
with design, construction, and quality control standards.

- Air Products’ construction site manager relocated to Kingsport to oversee the
Air Products’ portion of construction activities at the site. In addition, a clerk
and secretary were added to the Air Products on-site construction
management. This team is supported by a home office (Allentown)
construction team that prepares bid lists, writes and prepares bid packages,
and evaluates and awards the construction contracts.

- Eastman is using Midwest Technical for detailed design of the ‘Tie-In Work’
and Fluor Daniel for construction. Eastman has also assigned a construction
coordinator.

o Erect the major equipment and structural steel. Install the large bore piping,
electrical, and insulation such that instrument checkout and equipment
commissioning work can be completed during the 60-day Continuation
Application approval period.

- Site Preparation work began on 2 October 1995. This includes intital grading,
soil fill, covering with stones, and compaction the north portion of site, and
installation of area storm drains. Installation of foundations and
undergrounds began on 27 October 1995. This work includes installation of
most major foundations and tank farm dikes, underground process drains, and
underground electrical grounding. The scheduled start date for structural
steel and major equipment erection is 5 February 1996.

e Complete mechanical construction so that checkout and commissioning can be
started in Budget Period No. 3.

- Overall construction is 8% complete as of the end of December of 1995. The
targeted Mechanical completion date remains 15 November 1996. Start-up
activities are scheduled to begin 31 October 1996 and demonstration unit
operation is scheduled to start 16 December 1996.
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Task 2.3 Training and Commissioning

The Project Evaluation Plan for Budget Period No. 2 establishes the following goals for this
task:

e Prepare a four-year test plan for Phase 3, Task 2 - Operation.

- An outline of the First Year Operating Plan was issued on 3 October 1995, for
Partnership comment. This covers Phase 3, Task 2.1.1 - Process Shakedown and
Catalyst Aging; and shows that the catalyst is still aging at the end of year 1. An
early test (#2) at Texaco-type synthesis gas conditions and an early high
superficial veloctiy test (#3) are proposed during the first few weeks of operation.
This will provide a comparison with the LaPorte Process Development Unit's
results for IGCC commercial applications. A thorough analysis of carbonyl levels
in the fresh feed gas will be made before test #3, so that the confidence level in
bypassing the carbonyl guard bed (necessary for high flow operation) is high. The
Partnership discussed operating ideas for years 2 through 4, and an overall four-
year operating test schedule is being prepared.

The first draft (Rev. 0) of the four-year Demonstration Test Plan (DTP) for Phase
3, Task 2 Operation was issued for review and comment on 22 December 1995. A
copy of the cover letter and of the Test Plan Table (4 pages) is included in
Appendix J. The DTP will be iterated and improved over the next few months,
with input from all the participants as well as from the Phase 1, Task 5 commercial
economic studies. The final draft of the DTP is due to be submitted in August of
1996.

o Prepare the operating manual and initiate the operator training program.

- Work was initiated to prepare the operator training program outline and training
schedule.

Task 2.4 Off-Site Testing (Procurement and Construction)

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this
task:

o Prepare the final off-site product-use test plan.

- The off-site product-use test plan update is being reported under the Phase 1, Task
4 Off-Site Testing work.

TPR6F.DOC Oct - Dec 95 Page 20 of 32




Task 2.5 Planning and Administration
The Project Evaluation Plan for Budget Period No. 2 establishes the following goals for this

task:

e Prepare annually an updated (Partnership) plan for the remaining activities. The first
annual plan will update the remaining Phase 1 and Phase 2 activities, and the second
will include an updated Phase 3 Demonstration Test Plan.

- The first update of the Partnership Annual Operating Plan was prepared and
submitted (See Quarterly Technical Progress Report No. 5). The goal and
objective for the fiscal year 1996 annual plan is to continue the Phase 1 and Phase
2 tasks required by the Statement of Work. The major objectives for 1996 are:

o Continue construction so that the LPMEOH™ demonstration unit will be
ready for commissioning and start-up in the 4th quarter of calendar year 1996.

e the Project Evaluation Report for Budget Period No. 2 is to be completed and
submitted to the DOE along with the Continuation Application for Budget
Period No. 3.

¢ Submit all Project status, milestone schedule, and cost management reports as
required by the Cooperative Agreement.

- The DOE reporting tasks are currently being performed and reported under Task
L5.

E. Planned Activities for the Next Quarter

o Continue detailed engineering design and procurement

e Order prefabricated structural steel.

o Order prefabricated pipe.

« Bid and award the structural steel and Equipment Erection Construction package, and
start erection work.

» Bid and award the General Mechanical Costruction package.

¢ Issue the Instrument and Electrical Construction bid package.

e Continue shipment of equipment to the site. Expedite reactor fabrication.

¢ Review and revise the draft Environmental Monitoring Plan.

e Review and revise the draft Demonstration Test Plan.

» Hold Project Review/Update Meeting with the DOE.
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F. Summ

Site Preparation construction work for the LPMEOH™ demonstration unit began on 2
October 1995. Air Products and Eastman held a status review with the DOE on 17 October
1995; following the 16 October 1995, Project groundbreaking ceremony at the Kingsport
site.

Detailed design of the facility is at a peak. Purchase of manual valves and of control valves
and other instrumentation has begun. Equipment began arriving at the site. The majority of
the piping tie-ins to the existing plant have been made. Site preparation work was
completed, and foundation installation has begun.

An updated Project Management Plan was prepared. The updated plan reflects the
restoration of three budget periods, as well as work completed since the previous plan.

Activities to update the off-site Fuel-use Test Plan were initiated. A meeting was held at
Acurex to discuss timing for the development of a final fuel-use test plan. Guidance on
distributed power generation applications to meet electric utility industry needs will be
provided by EPRI.

DOE's comments on the draft Environmental Monitoring Plan (EMP) were received, and a
revised EMP is being prepared. The draft Demonstration Test Plan was issued for review.

Procurement of process equipment is nearly complete. Thirty-seven percent (37%) of the
$36 million in funds budgeted for the Kingsport portion of the LPMEOH™ Process
Demonstration Project through Budget Period No. 2 have been expended (as invoiced) as of
31 December 1995. The demonstration unit is scheduled to be mechanically complete in
November of 1996.
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PPENDI

APPENDIX A - SIMPLIFIED PROCESS FLOW DIAGRAM
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APPENDIX B - PROJECT EVALUATION PLAN FOR BUDGET PERIOD NO. 2
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7/18/95

COMMERCIAL-SCALE DEMONSTRATION
OF THE
LIQUID PHASE METHANOL (LPMEOH™) PROCESS
COOPERATIVE AGREEMENT
NO. DE-FC22-92PC90543

PR T TION P F UDGET PERIOD NO. 2

The work to be performed during Budget Period No. 2 consists of Phase 1 Design and
Phase 2 Construction of the LPMEOH™ Process Demonstration Facility at Eastman
Chemical Company's integrated coal gasification facility located in Kingsport, TN.
Completion of these Budget Period No. 2 activities will essentially ready the LPMEOH™
Process Demonstration Facility for commissioning, startup, and operation to begin in the
final Budget Period No. 3. The Statement of Work for the Project subdivides these Phase
1 and Phase 2 activities into Tasks. This Project Evaluation Plan for Budget Period No. 2
will meet the following criteria aligned by the Statement of Work tasks:

1. Phase 1 - Task 2 - Permitting
. .Issue the final Environmental Information Volume to
support the U.S. Department of Energy's (DOE's)
Environmental Assessment/Finding of No Significant Impact.
e Obtain permits necessary for construction and operation.
2. Phase 1 -Task 3 - Design Engineering
» Complete the design engineering necessary for construction and commissioning.

This includes Piping and Instrumentation Diagrams, Design Hazard Reviews,

and conducting design reviews.

o Prepare the Environmental Monitoring Plan.




7/18/95

3. Phase 1- Task 4 - Off-site Testing (Definition and Design)

s Prepare the fuel-use demonstration plan for Phase ITI, Task 4 Off-site Product
Use Demonstration. This off-site test plan will be incorporated into the overall
product-use test plan (in Phase 1, Task 5).

4. Phasel-Task 5 - Planning, Administration and DME Verification
Testing

Update the (fuel and chemical) product-use test plan, that will better meet the
technical objectives of the Project and serve the needs of commercial markets.

» Complete economic studies of the important commercial aspects of the LPMEOH™
Process to enhance Integrated Gasification Combined Cycle (IGCC) electric power
generation. These studies will be performed by Air Products and Chemicals, Inc.
and the Electric Power Research Institute, and used to provide input to the
LPMEOH™ Process Demonstration Facility operating test plan (Phase 2, Task 5).

o Perform initial Design Verification Testing for the production of dimethyl ether
(DME) as a mixed coproduct with methanol. This activity includes laboratory
R&D and market economic studies.

Submit all Project status, milestone schedule, and cost management reports as

required by the Cooperative Agreement.

5. Phase 2-Task1 - Procurement

e Complete the bidding and procurement for all equipment and Air Products
supplied construction materials.




6.

7.

8.

9.
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Phase 2 - Task 2- Construction

¢ Complete mechanical construction so that checkout and commissioning can be

started in Budget Period No. 3.

o Erect the major equipment and structural steel. Install the large bore piping,

electrical, and insulation such that instrument checkout and equipment
commissioning work can be completed during the 60-day Continuation

Application approval period.

» Provide construction management for contractor coordination and compliance

with design, construction, and quality control standards.

Phase 2 - Task 3 - Training and Commissioning

* Prepare a four (4)-year test plan for Phase 3, Task 2-Operation.

s Prepare the operating manual and initiate the operator training

program.

Phase 2 - Task 4 - Off-Site Testing (Procurement and Construction)

» Prepare the final off-site product-use test plan.

Phase 2 - Task 5 - Planning and Administration

» Prepare annually an updated plan for the remaining activities. The first

annual plan will update the remaining Phase I and Phase II tasks. The second
annual plan will include an updated Phase III Operating Plan, identifying
specific goals and milestones for the first twelve months of operation, and a
general plan for the remaining years to achieve the Project's market penetration

objectives.

Submit all Project status, milestone schedule, and cost management reports as

required by the Cooperative Agreement.
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Completion of the above work activities will essentially ready the LPMEOH™ Process
Demonstration Facility for commissioning, startup, and operation to begin in the final
Budget Period No. 3. These criteria will be the basis of the Project Evaluation Report which
shall be submitted to the DOE for approval along with the Project Continuation Application,
at least 60 days before the end of Budget Period No. 2. Construction of the Facility will be
essentially completed during the 60-day approval period for the Continuation Application.

At the time that the Project Evaluation Report for Budget Period No. 2 is submitted with the
Continuation Application; Air Products will also prepare an update on the expected technical
and economic performance of the mature unit. This update will demonstrate the commercial
potential of the LPMEOH™ process technology to enhance IGCC electric power generation
with coproduct methanol. This IGCC enhancement is expected to reduce the cost of electricity
for retrofit, repowering, replacement, and new applications for electric power generation

from coal.




APPENDIX C - TASK 1.4 - FUEL TEST PLAN UPDATE OBJECTIVES

and

Excerpt from EPRI Distributed Generation Brochure
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Fuel Test Plan Update Objectives

The Technical Objective (No. 4) is:

"Demonstration in end-use tests of the suitability of the methanol produced by
the LPMEOH™ process as a fuel for mobile and stationary applications by -

providing:

(2) Analysis of samples of the fuels and combustion exhaust gas streams
for emission levels of sulfur dioxide, nitrogen oxides, carbon
monoxide, carbon dioxide and hazardous air pollutants; and

(b) A cost advantage for the use of methanol produced by the LPMEOH™

demonstration facilitv by means of a economic companson with
conventionally accepted fuels." .

Discussion

The original (Cooperative Agreement) fuel test plan has become outdated,

and under-represents new Utility dispersed electric power developments, and
possibly new mobile transport engine developments. The updated fuel test plan
will attempt for broader market applications and for commercial fuels comparisons.

Update Objective

The objective of the fuel test plan update will be to demonstrate commercial
(e.g., economic) market applications (municipal, industrial and electric utility)
replacing (gasoline, diesel, natural gas) commercial fuels, based on expected
(1998 to 2018) U.S., energy markets needs when the technology is to be
commercialized.

WRB/js/6/27/94
Fuel Test Plan




as-Fired Distributed

Generation

A new approach to meeting cost, environmen-
tal, and customer service objectives is distrib-
uted generation, which creates an integrated
delivery network employing small, modular
generators as well as central stations.

Such modutar generators—typically hundreds
of KW to tens of MW-—can normally be sited,
permitted, and assembled quickly, and even
relocated should needs change. Strategic
placement in the subtransmission and dis-
tribution system provides trequency control,
voltage regutation, and local spinning reserve
capacity, and may allow deferral or avoidanc
of T&D capacity upgrades.

Some distributed generating technologies—
fuel cells in particular—operate quietly with
extremely low emissions and are thus well
suited for environmentally sensitive areas.

. Moreover, placement of distributed gen-
erators near customer sites enables utilities
to offer more reliable service to facilities with
critical power needs. Such tailored energy
services may prove paramount in meeting
competitive challenges by other power
producers.

Commercial technologies for distributed gen-
eration include internal combustion engines
and small CTs. Emerging technologies
include fuei celis, markedly improved CTs,
and improved reciprocating engines.

AFPS products support utility
evaluation and implementa-
tion of natural-gas-fired
distributed generation. The

. Business Unit’s portfofio of

key products includes:

m updated guides for identi-
fying high-value applica-
tions of various distributed
generation technologies

m a comprehensive commerciafization
program for molten carbonate fuel cells
(MCFC) with efficiencies greater than
60% (LHV)

= small (<50 MW), low-emitting CTs with
simpie-cycle efficiencies greater than 50%

The prospect of two U.S. manufacturers
offering commercial MCFC units in the next
three to five years represents the culmination
of more than a decade of fuel cell R&D at
EPRI. A utility "buyers group” has placed
advance orders for nearly 100 MW of initial

e g aweg s e

Lomtmg modular generat-
ing units strategically within
subtransmission and distrib-
ution systems or near cus-
tomer sites allows utilities to
offer tailored energy services
to enthance customer value,
such as exceptionally high
reliability for hospitals.

This distributed generation strategy may aiso defer or avoid the
expense of T&D upgrades. The AFPS Business Unit supports
this approach to competition based on “delivered energy service,”
rather than simple “busbar cost of electricity,” with economic
guides, technology development and assessment programs, and
information on electrical interface requirements.

commercial units in exchange for future royalties. As
demand grows, the economies of standardization and
mass production will reduce unit costs substantially,
expanding cost-effective application.

if production cost targets are met, MCFC technology
could already be cost-effective in some instances. Work-
ing with EPRI, the Los Angeles Department of Water &
Power, Central and South West Services, and Oglethorpe
Power evaluated the benefits of prototype 2-MW fuel cells
in various distributed applications. Projected savings
ranged from 2 to 71 mills/kWh.

AFPS staff provide technical managemerit for a consortium of utilities
and manufacturers that will demonstrate a commercial prototype of a
modular 2-MW molten carbonate fuel cell. This quiet, efficient unit
will serve customers of the City of Santa Clara, California. Ground-
breaking ceremonies were held in April 1994; commercial generation
will begin in 1996. The Business Unit also manages colleborative

2 Z
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development programs for solid oxide fuel cells and monitors progress in phosphoric acid fuel cells,
small advanced gas turbines, and high-efficiency reciprocating engines.
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ro m alu i ing

- (Task 5) Work Plan Worksheet (for Objective 1.c). -

Description of Task
A. To Support the second Generic Plant Design
A.l. Catalyst Addition/Withdrawal Options.
a) Periodic Partial Replacement
(PPR): On-Line (Kingsport)
b) Periodic Partial Replacement (PPR):
Offi-Line .
¢) Replace All (like G? process)

A.2. Reactor Temperature/Catalyst
Life/Production Study

B. To Support Site Specific Studies
B1. Develop simplified (material
balance) tools to answer LPMEOH

screening bids.

B2. Product Purification Options, Optimizations, ?
"Standard” Designs. :

B3. Front End Impurity Removal Options

¢ Sulfur Guard Bed Design Basis

¢ Economic Breakpoint for Guard Bed
Alone (no solvent system)

¢ Other Contaminants Guard Bed
Options or Solvent Systems.

* Need grass-roots and retrofit
(add LPM-on later) options.

B4. Plant design configuration studies:
1. Feed Compression (when and how much).

2. Configuration for 20, 50, 70% conversion.

3. Plant size breakouts (single reactor vs. two).

WRB/M/T002 .
/14/95 ~

mment

o The Capital cost for PPR is high.

+ PPR is operator intensive.

» Catalyst replacement costs for
PPR is high (relative to GP
process).

» J. Klosek feel constant rameplate
production is important for Option c.

* Review lab R&D data to optimize
Catalyst Life/Product Cost.

¢ Eliminate the need for process
support on preliminary requests.

¢ Investigate Aspen "Optimizer” for .
optimization studies.

Standardized designs for Chem grade,

MTBE grade and fuel grace. Draw from

Kingsport experience for eguinment

specifications, plot plan, ete.

Major issue for future sites. Kingsport is not
providing any design basis.

Currently using a 5 ppm "grab” number in SE's
for grass-roots. Retrofit could be 40 ppm (7).
Need to identify absorberts for other likely
contaminants besides S and carbonyls. Review
of literature, lab data, (work with Bechtel?).

Different gas compositiors; combined with
different conversion studies (below).
Different gas compositions; combined with
different compression studies (above).
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DME MILESTONE PLAN

1. Design Verification Testing:

. A Laboratory R&D, Verification
1. Catalyst Activity and Stability Testing, Mar. '95 - Aug. '96
and Engineering Data
B. Market Verification
1. Up to 3 wi% DME, as M-100 Diesel Replacement by Jan. '96
Engine Tests - (SCAQMID) - and ~ ** Completed **

Market Acceptance Study

2.  Up to 8 wi% DME for GCC Energy Storage by Aug. '96
a. Re-review economics

3. About 80 wit% DME with Methanol, as a Diesel by Aug. '96
Replacement Fuel, or as Chemical Feedstock at Kingsport
a. Economics, process basis study

C. Decision to Continue or Drop Demonstration ' by Dec. '96

2. Process Development Unit Design Verification Test (Provisional):

A. LaPorte AFDU Tests by Sep. '97

B. Decision to Continue or Drop Demonstration by Mar. '98

3. Implementation (Provisional) Plan:

A. Design, Procurement, and Construction at Start July '98
Kingsport, of Add-on Equipment, and Operation to Jan. '01

!




TASK 3: RESEARCH AND DEVELOPMENT

Task 3.1 Improved Processes for DME
This quarter's work concentrated on the screening of alternative LPDME catalysts. The
candidates were chosen from the following categories based on our current understanding of

catalyst deactivation:

e Chemically modified alumina to reduce the driving force of the interaction between
methanol and dehydration catalysts.

e Physically modified alumina to eliminate the contact between the two catalysts.

e Other solid materials of moderate acidity.

e Alternative methanol catalysts such as single catalyst systems.

Most catalysts tested exhibited poorer stability than the standard dual catalyst system (S3-86 plus
Catapal B g-alumina). One catalyst system exhibited improved long-term stability of the
methanol catalyst.

A Japanese laboratory has recently reported a catalyst system that is stable under LPDME
conditions. However, the life data are not reliable, or are at least inconclusive, since our analysis
of the article showed that the life-test experimental conditons were subject to severe mass
transfer limitations. We repeated the life run under the conditions free of mass transfer
limitations. The results show that the catalyst system deactivates at a rate similar to our standard
dual catalyst system.

Efforts were also made to understand the nature of the detrimental interaction between the
methanol synthesis and dehydration catalysts under LPDME conditions. SEM (scanning electron
microscopy) and EDS (energy dispersive X-ray spectrometry) analysis of different catalyst
systems were used to determine if deactivation is due to the migration of zinc and copper from
the methanol catalyst to the dehydration catalyst (e.g., g-alumina). Some of the results indicate
that migration of zinc and copper from the methanol catalyst to alumina occurred under the
reaction conditions. However, other inconsistent observations call for more complementary
analyses before a definite conclusion can be made. '
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3.1.1 Screening of Alternative Catalyst Systems

3.1.1(i) &-alumina

In the last quarterly we reported a dual catalyst system in which improved long-term stability of
the methanol catalyst under LPDME conditions was observed for the first time. The dehydration
catalvst in that system is a y-alumina heavily doped with potassium (Run 14045-85). Improved
long:terrn stability of the methanol catalyst was observed again this quarter when a d-alumina
(Condea Puralox scca-5/90) was used along with the S$3-86 methanol catalyst (Run 14656-49).
The run was carried out under the standard reaction conditions (250°C, 750 psig, 6,000 GHSYV,
80:20 catalyst ratio) using Texaco gas. The results from this run are depicted in Figures 3.1.1a &
b, along with those from the catalyst systems containing the K-doped y-alumina (14045-85) and
virgin y-alumina (e.g., standard system, 11483-81). As can be seen in Figure 3.1.1a, the long-
term stability of the methanol catalyst in this catalyst system is improved.

Currently, we are trying to understand why the long-term stability of the methanol catalyst is
improved in this system and in the system that contains the K-doped y-alumina. As shown in
Figure 3.1.2b, the dehydration activity of both 8-alumina and K-doped y-alumina are very much
lower (kg < 3.0 and 1.3, respectively) than that of y-alumina. We have tested systems with
similar and poorer dehydration activity, such as those using Chabazite (kg < 1.3), Mg-Y (kg <
0.9), and a silica alumina sample (kg < 0.6) as dehydration catalysts (see April-June quarterly).
However, the long-term deactivation of the methanol catalyst in these systems is similar to the
relatively rapid deactivation of the standard system. This indicates that lower dehydration
activity does not guarantee better long-term stability of the methanol catalyst. What we would
like to understand is whether the low dehydration activity is a necessary condition for the long-
term stability of the methanol catalyst. If it is, we should look for weakly acidic materials with
high site density as dehydration catalysts, since it is assumed that the low activity seen in these
two systems is related to the weak acid sites. If low activity is not a necessary condition, we need
to understand what is special about these two systems so that screening guidelines can be
developed for alternative dehydration catalysts.

3.1.1(ii)) Modified y-alumina

Three modified Catapal B y-alumina catalysts have been tested. The modification methods
include impregnation using potassium, silylation using (Me3Si-);NH, and encapsulation with
Si03. The potassium-impregnated sample was prepared by the incipient wetness method using a
KOH aqueous solution. This sample had higher dehydration activity due to a lower K loading
than the K-doped sample discussed in section 3.1.1(i) (0.15 vs. 0.8 wt% of K). The goal of this
REw preparation was to determine if the improved long-term stability of the methanol catalyst
seen in the sample with 0.8 wt% K loading could still be retained with a more active K-doped
alumina. Silylation using (Me3Si-)NH was aimed at removing the strong acid sites on Catapal B
t{“cﬂumina. The sample was prepared by refluxing Catapal B y-alumina in (Me3Si-)oNH. If an
Inért, porous layer of SiO9 can be formed on the outside of alumina particles, intimate contact
between the alumina and the methanol catalyst should be prevented. This, in turn, should lead to
good stability of the catalyst system. The encapsulation of the alumina with SiO7 was carried out
according to a DuPont patent (US Patent 4,677,084). The LPDME runs using these three
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Figure 3.1.1 LPDME Life Runs of Different Catalyst Systems
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dehydration catalysts were all conducted under the standard reaction conditions using
BASF S3-86 as the methanol synthesis catalysts. The results are plotted in Fig. 3.1.2a and b
against those from the standard catalyst system.

In contrast to the previous result obtained using 0.8 wt% K loading, doping the alumina with
0.15 wt% of K did not result in better long-term stability of the methanol catalyst. Figures 3.1.2a
and b shows that the long-term stability of both methanol synthesis and dehydration catalysts in
this system (14045-85) is poorer than that of the standard dual catalyst system (11483-81). We
do not understand why the potassium doping at different levels leads to different effects on the
long-term stability of the catalyst system. The effect cannot be attributed to the acidity of the
dehydration catalyst because the dehydration activity of the 0.5 wt% sample (k4 = 8.5) lies
between the virgin alumina (kg = 17.5) and the 0.8 wt% sample (kg = 1.3).

Figures 3.1.2a and b shows that silylation of Catapal B y-alumina with (Me3Si-),NH does not
result in better long-term stability. The initial deactivation of the methanol catalyst in this system
is also greater than that in the standard system. Since silylation in general is believed to passivate
the strong acid sites on acidic solid materials, this greater initial deactivation is probably due to
the poisonous species in the (Me3Si-)2NH-modified alumina.

The SiO»-encapsulated alumina sample was analyzed prior to the run by scanning electron
microscope (SEM) and energy dispersive X-ray spectrometry (EDS). The results show that most
of the silica, as desired, was on the exterior of the alumina particles. However, this sample did
not bring about the better stability we expected. As shown in Figures 3.1.2a & b, the stability of
this system is poorer than the standard catalyst system; both methanol and dehydration catalysts
deactivated very rapidly. Another run (not shown) using the same sample calcined at a higher
temperature yielded a similar result. The poor stability may have been due to the poor
mechanical strength of the encapsulated alumina particles. Evidence of this hypothesis is the
observation that during the SEM/EDS experiments the preparation of the cross section of
alumina particles was much more difficult compared to virgin Catapal B y-alumina because the
particles broke apart readily. The SEM cross section of an alumina particle also appeared flaky.
The exposure of the alumina to a fairly strong acidic environment (pH = 2) during the
encapsulation may be the reason for the lower strength. If the particles cannot retain their
integrity, a protective layer of SiO7 will be useless. The cleavage of the particles under the
reaction conditions (strong agitation) will create an active alumina surface, which then interacts
with the methanol catalyst to cause the deactivation of both catalysts. This issue will be
examined in greater depth, and further efforts will be made to prepare encapsulated alumina
samples.

3.1.19(iii) Other Acidic Materials

Two samples we tested in this category are silica ammonia phosphate and zinc ion-exchanged
zeolite Y (Zn-Y). The LPDME run using the silicon ammonium phosphate sample as the
dehydration catalyst (Run 14656-62) was conducted under the standard conditions (250°C,

750 psig, 6,000 GHSV) using Texaco gas. It has been shown in Air Products’ laboratory that the
activity of this sample toward isobutanol dehydration at 300°C is similar to y-alumina.
Surprisingly, little dehydration activity was detected in the LPDME run. Increasing the
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temperature to 280°C had little effect. One explanation for the low activity is the Jow water
concentration under LPDME conditions, which makes the active component in the catalyst,
phosphoric acid, unstable. An interesting observation from this run is that the long-term
deactivation of the methanol catalyst in this system is faster than in the standard catalyst system
(Fig. 3.1.3), even though the phosphate sample did not show any dehydration activity. This again
indicates that the dehydration activity, or acidity, is not necessarily the cause for the long-term
deactivation of the methanol catalyst. When the reactor was taken apart after the run, it was
observed that the spent catalyst stuck to the surface of the reactor hardware more strongly than it

did in the standard catalyst system.

Figure 3.1.3 ALPDME Life Run Using Silicon Ammonia Phosphate as the Dehydration

Catalyst
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Zn-Y was chosen on the basis of the migration hypothesis. If Zn migration from the methanol
catalyst to the dehydration catalyst is the cause of catalyst deactivation, it is unlikely that
migration will take place in a dehydration catalyst that has already been saturated with Zn, such
as Zn-Y. However, this sample did not exhibit any dehydration activity. The acidity of this
sample might have been too weak to carry out methanol dehydration.

3.1.1(iv) Single Catalyst System — Cu and Zn Supported on y-Alumina

It was reported in the April-June quarterly that a single particle catalyst system consisting of Cu,
Zn0 supported on Y-alumina has a poorer stability under LPDME conditions than the standard
dual catalyst system. That catalyst was prepared by impregnating Catapal B y-alumina powders
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with zinc and copper nitrate followed by calcination in air (sample # 14656-9), in accordance
with a Shell patent (US 4,375,424, 1983). To find out if the poor stability is intrinsic to the
catalyst or related to the slurry phase operation, a similar catalyst (sample # 14656-34) was
prepared from Catapal B y-alumina pellets and tested in a packed bed reactor. The final Cu and
Zn content based on an elemental analyst was 4.0 and 4.6 wt%, respectively. The catalyst bed
was diluted with quartz chips. The reduction was carried out using 2% H» in N3 at 700 psig and
a ramp from room temperature to 250°C in 3 hr, mimicking the Shell procedures. Two packed
bed runs (14047-38 and 14047-44) were conducted because some equipment problems were
encountered in the first run. The results from these two runs are displayed in Figure3.1.4, along
with the runs conducted in the autoclave using the single catalyst and the standard dual catalyst

system.

Figure 3.1.4 The Stability of a Single Catalyst System
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Figure 3.1.4 shows that the aging pattern of the single catalyst system in the packed bed runs is
similar to that in the slurry phase run. This indicates that the poor stability is intrinsic to the
catalyst sample, rather than to the slurry phase operation. In order to test the single catalyst
concept, a DME catalyst that is at least stable in the gas phase operation is needed. Efforts are
being made in this regard.

Several data points were collected at 270°C in order to compare the activity of the single catalyst
system to that of the catalysts reported in the Shell patent. The results show that the catalyst
made in the laboratory had about one-half of the activity of a corresponding sample in the patent.
This may be partly due to 20% lower Cu loading and 10% Zn loading in our catalyst.
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3.1.2 A Repeat Life Run of a Reported Dual Catalyst System for LPDME

According to a recent report from a Japanese laboratory, a dual catalyst system consisting of ICI
51-2 methanol catalyst and Cu-doped y-alumina (5 wt%) powders, with hexadecane as the slurry
fluid, exhibited no loss in activity under LPDME conditions for 700 hours. A close examination
of the data reveals that the life run is suspect since the catalyst was subject to severe mass
wransfer limitations. (After our experiments were completed, the authors of the report
acknowledged this problem and stated that the catalyst system may actually deactivate faster. No
elaboration was offered.) We decided to examine the stability of the catalyst system in our 300
cc autoclave under the conditions free of mass transfer limitations (Run 14665-11). A Cu-doped
y-alumina sample was prepared according to the method reported in a patent by the Japanese
authors. The same gas composition (50:50 Hy to CO), catalyst ratio, solid concentration in the
slurry, and slurry fluid were used. The run was conducted first at 250°C, 750 psig, and a space
velocity of 1980 sV/kg-hr for 142 hr. Afterward the run was continued at 280°C, 426 psig, and
1980 sl/kg-hr for 43 hr, which are the exact conditions used in the reported life study. The
activity of our version of the catalyst system was similar to that in the report, but stable activity
was not observed. As shown in Fig. 3.1.5, the catalyst system deactivated under both sets of
conditions. The rate of deactivation is similar to our standard catalyst system (S3-86 plus
Catapal B y-alumina). These results suggest that the LPDME run in the Japanese laboratory may
also have had a stability problem, unless certain factors were not disclosed in their report and
patent.

3.1.3 SEM/EDS Analysis of LPDME Catalysts — Examination of the Migration
Hypothesis

Summary

This section summarizes the analytical results of methano] catalyst and alumina mixtures using
SEM and EDS. The analysis was performed to confirm the hypothesis that the deactivation of
the LPDME catalyst system is caused by inter-catalyst migration of one or more types of atoms.
The questions to be answered by this analysis are: Does the migration take place? And if it does,
is the migration correlated to the catalyst deactivation?

Zinc and copper were detected on alumina particles in the spent catalyst mixtures, but not on
virgin alumina, and the ratio of copper to zinc was significantly different from that found for the
methanol catalyst itself. This indicates that migration occurs, at least in some cases.
Furthermore, no migration of zinc or copper was found in the R-M?77?? experiment in which the
catalyst did not deactivate rapidly. Unfortunately, the zinc and copper content of alumina
particles in catalyst mixtures of different histories does not correlate with the activity of the
catalyst systems. Several explanations for this behavior have been proposed:

1) methanol catalyst fines may exist in the alumina particles and thus, confound the analysis;
2) migration is only responsible for the initial deactivation of the catalyst system; or
3) the sampling may not be statistically sound.
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Figure 3.1.5 The Stability of a Reported LPDME Catalyst System Tested in Air Products’

Laboratory
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This lack of correlation is not sufficient to reject the migration of zinc and/or copper as the
primary cause of catalyst deactivation. Work on understanding the mechanism of migration
continues.

Introduction

We reported previously that an interaction between a methanol synthesis catalyst (e.g., BASF S3-
86 Cu-ZnO-based low pressure methanol catalyst) and a dehydration catalyst (e.g., y-alumina) in
the standard dual catalyst system is responsible for the deactivation of both catalysts under
LPDME conditions. Several observations have suggested that this interaction could be due to
inter-catalyst migration of zinc and copper, that is, the zinc- or/and copper-containing species
from the methanol catalyst migrate onto the surface of the dehydration catalyst during reduction
and/or under the reaction conditions. By this mechanism, the methanol catalyst deactivates
because it loses its active components. The dehydration catalyst is poisoned by these migrating
species by reacting with the acid sites. Possible driving forces for the inter-catalyst migration
are:

1) acid-base reactions - solid state reactions such as acid-base reactions between ZnO in the
methanol catalyst and the acid sites on the dehydration catalyst,

2) ion exchange - solid-state exchange of copper/zinc jons from the methanol catalyst with

the protons (i.e., Bronsted acid sites) on the dehydration catalyst,




3) spontaneous dispersion - migration simply driven by the concentration gradient of copper
and zinc between the two catalysts, considering that y-alumina, and most other types of
dehydration catalysts, for that matter, have good dispersing capability toward metal, metal
oxide, and salts. -

These processes must take place where two catalysts contact each other, that is, at the outer
surface of alumina particles. The migration may or may not continue into the inner surface of the
alumina particles. However, the extent of the deactivation we have seen suggests that the inner
surface of the alumina should be affected, unless the alumina particles break apart considerably
under the reaction conditions. Efforts have been made to confirm the hypothesis by analyzing
the copper and zinc content in the alumina in spent catalyst mixtures. This report summarizes
the results based on the analysis using SEM and EDS.

Method of Analysis

SEM and EDS were used because the different types of catalyst particles are inseparable. The
catalyst system under study consists of a powder mixture of the two catalysts. The mean
diameter of fresh methanol catalyst and alumina powders is around 60 microns. The particle size
in the spent catalyst mixture is smaller because of the attrition in the reactor. This makes it
virtually impossible to separate the alumina from the methanol catalyst and use it for
conventional elemental analysis. SEM enables us to pick out individual alumina or methanol
catalyst particles, while EDS provides elemental information on these particles. The smallest
features that can be "seen” by SEM are 0.1 to 1 micron. The spatial resolution of EDS of 1
micron, and the lower detecting limit of EDS is believed to be 0.5 wt.%.

We looked at both the outer surface and the cross section of alumina particies. Inter-catalyst
migration will initiate on the outer surface due to the contact of the two catalysts. Figure 3.1.6 is
a SEM micrograph of the outer surface of an alumina particle in a spent catalyst mixture (13458-
8). The bright spots are methanol catalyst powders, judging by EDS analysis and the brightness
of these powders. (Heavier elements like Cu and Zn have a brighter image in SEM than lighter
elements like Al.) These powders are physically attached to the alumina, a phenomenon that can
be inferred since treating the sample with an organic removes most of the metal particles through
dispersion. As shown in Figure 3.1.7, the outer surface of an alumina particle in a catalyst
mixture dispersed using an organic solvent is much cleaner, although some methanol catalyst
particles can still be seen. In both non-dispersed (or dry) and dispersed samples, "clean" areas
where no methanol catalyst particles are found exist as illustrated in Figures 3.1.6 and 3.1.7. The
"Clean” area was assumed to be free of physically attached methanol catalyst particles, and used
for the analysis.

We also looked at the cross section of the alumina particles as a way to circumvent the physical
attachment problem. Moreover, this indicates if the migration into the inner surface of alumina
particles has occurred. The cross section was prepared by freezing the sample in epoxy and
cutting it to expose the cross section. Precautions were taken to make sure that copper and zinc
from the methanol catalyst were not smeared onto the alumina cross section by the cutting. This
was checked by EDS examination of the epoxy around the sample particles. Little copper and
zinc were detected.
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Figure 3.1.6 SEM Micrograph of an Alumina Particle in a Spent Catalyst Mixture.
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Figure 3.1.8 illustrates how a typical analysis was conducted. An SEM micrograph of an
alumina particle, a cross section in this case, was generated first. Then the electron beam was
parked at different spots in this cross section, and an EDS elemental analysis was performed.
The sampling volume in this mode of analysis was an order of magnitude smaller than the
dimension of alumina particles. Alternatively, one could raster the beam across the sample to
obtain integrated elemental information.

Figure 3.1.8 SEM Micrograph of the Cross Section of an Alumina Particle in a
Spent Catalyst Mixture

The elemental analysis by EDS is based on the energy dispersion of the X-ray generated by the
same electron beam that is used for SEM. Figure 3.1.9a illustrates how different elements in a
methanol catalyst sample appear on an EDS spectrum. (The aluminum section of the spectrum is
not shown.) The net peak area was used for quantitative analysis. The integration was conducted
using graphics software called Origin, since the data processing software used by the EDS
instrument tended to draw erroneous baselines, especially when the signal was weak. To make
sure the quantitation was independent of analytical conditions, such as the size of sample
particles and the electron beam, gold coating, and parking mode vs. rastering mode, we looked at
methanol catalyst particles of different sizes, with and without gold coating (gold coating was
used to remove the static charging on the sample), and of different origins. The particles included
those in a pure, freshly reduced methanol catalyst sample (13458-90), in a spent catalyst mixture
(13458-8), and those physically attached to the outer surface of alumina particles in the same
spent catalyst mixture. As shown by the solid dots in Figure 3.1.10, the Zn-to-Cu ratio from
Fhese different samples falls into a narrow range around 0.29, indicating that the quantitation is
Insensitive to the analytical conditions.
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Figure 3.1.9 EDS Spectra of Different Samples
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Figure 3.1.10 Zn-to-Cu EDS Peak Ratio of Different Samples
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Since the absolute quantitation was difficult to measure, we relied on relative quantity of
different elements for our analysis. These included ratios of (Zn+Cu) to Al and Zn to Cu. The
(Zn+Cu) to Al ratio is intended as a measure of how much zinc and copper migrate onto the
alumina, while the Zn to Cu ratio serves as a way to distinguish migrated zinc and copper from
that in the physically attached methanol catalyst particles. We assume that zinc and copper
deposition on the alumina due to the migration is unlikely to have the same ratio as in the
methano! catalyst.

Results and Discussion

All EDS results, that is, the net peak area of Cu, Zn, and Al plus their ratios, are summarized in
Table 3.1.1. Figure 3.1.9 displays typical EDS spectra from different samples. The Zn/Cu and
(Zn+Cu)/Al ratios from different samples are shown in Figures 3.1.10 and 3.1.11. The three
main samples discussed below are the alumina in a catalyst mixture that was on stream for 710
hours (13458-8, the spent sample), the alumina in a freshly reduced catalyst mixture (13458-21,
the freshly reduced sample), and the alumina in a catalyst mixture used in a catalyst compatibility
study (14045-26, the comparibility sample). The relative activities of these three catalyst
Systems, in terms of the methanol equivalent productivity, are 0.6, 1, and 0.5, respectively. The
analytical results from these samples do not show a consistent picture. The data that appear to
Support the migration theory will be examined first.
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Sample 13458-8 1s a catalyst mixture that was on stream for 710 hr in a LPDME run. The
methanol equivalent productivity dropped by 39% at the end of the run. Both the cross section
and the "clean” area on the outer surface of the alumina particles in this spent mixture were
analyzed with EDS. Zinc and copper were detected from all spots on the cross section and on the
"clean" area of the outer surface of alumina in a dry sample. On the "clean” area of the outer
surface of alumina in a dispersed sample, zinc and copper were detected on more than half of the
spots (Figure 3.1.9 and Table 3.1.1).

The method used to distinguish the zinc and copper by migration from that in the methanol
catalyst fines is to examine the Zn-to-Cu ratio because it is very unlikely that zinc and copper
from the migration will have the same stoichiometry as that in the methanol catalyst. The open
dots in Figure 3.1.10 show the Zn-to-Cu ratio from the spent sample. The data are very scattered
compared to those from the methanol catalyst. However, they are not scattered evenly around
those from the methanol catalyst, but, instead most of the data points lie above. The number
average is 0.38 compared to 0.29 from the methanol catalyst. This suggests that the Zn and Cu
detected from the spent sample derive from the migration of zinc- and copper-containing species
during the run.

Other information supporting the migration theory is obtained from the alumina pellets used in
the LPDME employing Robinson-Mahoney basket internals and a mixture of catalyst pellets
(14045-43). The methanol catalyst did not deactivate after 508 hr on stream in that run. The
outer surface and the cross section of the alumina pellets from the run were analyzed by EDS. As
shown in Table 3.1.1, Zn and Cu were not detected in most spots (16 of 18) examined. A typical
EDS spectrum from this sample is shown in Figure 3.1.9f. A traditional elemental analysis using
chemical digestion and atomic absorption also showed no zinc and copper buildup on the
alumina. This indicates indirectly that the deactivation is related to zinc and copper migration.

Other results were puzzling. According to the migration hypothesis, the catalyst deactivation
should be proportional to the extent of zinc or/and copper migration. It follows that the zinc and
copper content in the freshly reduced sample (with a relative activity of 1) should be much lower
than that in the spent sample (with a relative activity of 0.6). Therefore, experiments were
conducted to measure the zinc and copper contents of the freshly reduced sample and compare
them to that in the spent sample.

The solid dots in Figure 3.1.11 show the (Zn+Cu)/Al ratio from the cross section and "clean” area
of the spent sample. The data are very scattered, ranging from 0.001 to 0.03, with a number
average of 0.008. The three data points collected by rastering the electron beam across the cross-
section of three alumina particles do not show better consistency, ranging from 0.005 to 0.01
(Table 3.1.1). No concentration gradient across alumina particles can be detected (Table 3.1.1).
To estimate the concentration of zinc and copper in the alumina, a calibration sample was
prepared by impregnating y-alumina with 4.55 wt % zinc and 3.95 wt % of copper. The EDS
results from this sample are shown in Figures 3.1.9b, 3.1.10 and 3.1.11. The (Zn+Cu)/Al ratios
from this sample, as shown in Figure 3.1.11, are also scattered, ranging from 0.027 to 0.047 with
a number average of 0.038. Based on this standard, the concentration of zinc plus copper in the
spent sample ranges from 0.2 to 6.7 wt %, with an average of 1.8 wt %.
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Figure 3.1.11 (Cu+Zn)-to-Al EDS Ratios of Different Samples

Cross-section of alumina in a spent mixture (134588, 710 hr)
*Clean"® spots of alumina in a spent mixture, dry (13458-8)
“Clean" spots of alumina in a spent mixture, dispersed (13458-8)

Cross-section of alumina in a freshly reduced catalyst mixture (13458-21)
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The open circles in Figure 3.1.11 are the (Zn+Cu)/Al ratios measured from the cross section of
the freshly reduced sample. Zinc and copper were detected on all spots examined with EDS
(Table 3.1.1). Again the data are scattered, but the range they cover is similar to that from the
spent sample, with an average of 0.009. The zinc and copper contents in these two samples are
similar to each other, although their activity is different by 40%. Further confusion comes from
the Zn-to-Cu ratio measured from the freshly reduced sample. As shown in Figure 3.1.10, the
data, with an average ratio of 0.27, are scattered around those from the methanol catalyst, with an
average of 0.29, not above them as seen with the spent sample.

Also examined was the cross section of alumina particles in the catalyst mixture used in the
catalyst compatibility experiment (14045-46). In this experiment, the methanol catalyst and
alumina were held together under 2% Hy in N» and the reaction temperature (250°C) and
pressure (750 psig) for 120 hours. The activity of the catalyst system, in terms of methanol
productivity, dropped by 50%. Zinc and copper were detected from all spots examined on the
cross section. As shown in Table 3.1.1, the average (Zn+Cu)/Al ratio from this sample is 0.006.
This ratio is lower than that from the spent sample (0.008), although the spent catalyst system
shows lower deactivation. The Zn-to-Cu ratio from the sample used in the compatibility study is
0.25 on average, again close to, but not greater than, that from the methanol catalyst (0.29).
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It is certain from all of these analyses that zinc and copper are detected in the alumina particles in
the catalyst mixture samples. However, it is not certain where they originate and how they are
related to the catalyst deactivation. The detected zinc and copper in the cross sections could arise
from several possible causes:

1) Migration from the methanol catalyst

2) Methanol catalyst fines smeared over the cross section by the cutting

3) Methanol catalyst fines that are small enough to enter the defects and even the pores (with
a mean diameter of 60 angstroms) of the alumina particles.

The first possibility is the working hypothesis. The second possibility, that of smear-over, is very
unlikely because little zinc and copper were detected on the epoxy around the alumina cross
sections; therefore smear-over was ignored. The third possibility is important because if it

occurs, adhering methanol catalyst particles will interfere with or may overshadow analysis of the
presence of any copper and/or zinc that has migrated. Thus, when the Zn-to-Cu ratio is near that
of the methanol catalyst, a definitive conclusion about migration cannot be made.

The best way to determine the third possibility is to examine the morphology of the zinc and
copper inside the alumina particle (i.e., the cross section) using other techniques such as high
resolution Transmission Electron Microscopy (TEM). This technique allows us to distinguish
the presence of fines from atomically dispersed zinc and copper. The atomically dispersed zinc
and copper arise most likely from the migrated species. If the methanol catalyst fines work their
way into alumina particles, it would be impossible to verify the existence of migrated zinc and
copper by elemental analysis. Nevertheless even if the third possibility were proven, it is strong
evidence of intimate contact between the methanol catalyst and alumina which would allow the
possibility of migration. Experiments have been designed to examine this issue using TEM.

The results discussed above demonstrate that catalyst deactivation is not correlated with
(Zn+Cu)/Al ratio. Note, however, that if the zinc and copper detected derive partially or mainly
from the methanol catalyst fines in the alumina, we would not expect such a correlation. If the
presence of copper and zinc arises only from the migration, there could be two explanations for
the lack of correlation. First, the migration may be responsible only for the initial deactivation of
the catalyst system. It has been shown that deactivation during reduction contributes
substantially to the initial catalyst deactivation. Therefore, once a catalyst mixture passes
through the reduction stage, the zinc and copper level in the alumina will be similar. Second, the
migration did occur, but it does not account for the deactivation of both catalysts. In other words,
the migration hypothesis is not correct.

Finally, the quality of the EDS data was examined. As shown in Figures 3.1.10 and 3.1.11, both
Zn/Cu and (Zn+Cu)/Al ratios from the alumina samples are very scattered. Is this due to the
inhomogeneous nature of the samples, or to the noise level of the EDS spectra (see Fig.
3.1.9a-e)? The inhomogeneous nature of the samples may be the more likely reason. Figures
3.1.10 and 3.1.12 show that similar scattering is observed from the Zn- and Cu-doped alumina
sample, while the signal-to-noise ratio in its EDS spectrum is satisfactorily low (Fig. 3.1.9b).
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Air Products and Chemicals, inc. ghA ’Wag':r’:er.d © and AIR YA
7201 Hamilton Boulevard airman, President an

Allentown, PA 18195-1501 Chief Executive Officer PRODUCTS 2=
Telephone (610) 481-8000

19 October 1995

Mr. G. Alan Edwards

Principal Deputy Assistant Secretary
for Fossil Energy

U.S. Department of Energy

Washington, DC 20585

Dear Alan:

Your presence at Monday’s groundbreaking ceremonies in Kingsport made the day a
very memorable one for all of us. We’ve been most appreciative of the DOE’s support of the
innovative liquid phase methanol technology over the past 14 years. Without that support,
this project simply would not have moved forward.

We are very proud to be partners with the DOE in developing innovative ways to use
our nation’s vast coal reserves to lessen our dependence on foreign oil imports and meet our
environmental objectives. I am confident that when this demonstration project has been
completed, we will have been successful on both counts.

Warmest regards,

(

T TTH A agne&\w




Air Products and Chemicals, Inc.
7201 Hamilton Boulevard

Allentown, PA 18195-1501

Telephone (610) 481-8000

Mr. Thomas M. Torkos

Deputy Director

Pittsburgh Energy Technology Center
Office of Fossil Energy

U.S. Department of Energy

P.O. Box 10940

Pittsburgh, PA 15236-0940

Dear Tom:

H. A. Wagner
Chairman, President and
Chief Executive Officer

\bcc ,, et | ‘s’!/jé{;e '::i
Ba Y‘Y‘y Ha per
AR 1.
PRODUCTS 2=

co'd RMKemeadem £ PETC nlalss =
(Fer)

16 October 1995

It was a pleasure to meet you at the groundbreaking ceremonies at Kingsport on
Monday. As a long-time supporter of the liquid phase methanol technology, I'm sure you are
as proud as we are to see this project move from the pilot plant stage to commercial scale.

My personal thanks to you and the PETC office for your perseverance over the years. 1
firmly believe that your efforts ultimately will greatly benefit our nation.

Warmest regards,

-~ LAl Wagn{‘;g




Air Products and Chemicals, Inc. H. A. Wasgef_ dent and AR 7.
7201 Hamilton Boulevard airman, President an

Allentown, PA 18195-1501 Chief Executive Officer PRODUCTS £=
Telephone (610) 481-8000

20 October 1995

The Honorable James H. Quillen
U.S. House of Representatives

102 Cannon House Office Building
Washington, DC 20515-1101

Dear Congressman Quillen:

We were greatly honored by your presence at the groundbreaking ceremonies for
our liquid phase methanol demonstration facility in Kingsport last Monday. It was a
particularly memorable day for us, since you had joined Dex Baker 14 years ago at the
same site when we broke ground for an industrial gas facility for Eastman’s pioneering
chemicals-from-coal project.

A I’m sure you share our pride in seeing this coal gasification enhancement project
move from the pilot plant stage to commercial scale. I am confident that our efforts
ultimately will greatly benefit our nation by lessening the country’s dependence on
foreign oil imports while meeting our environmental objectives.

Warmest regards,

en

-==777"7 H. A. Wagner-




Air Products and Chemicals, inc. ghA Wagr.l;\er.d \ and A’R YA
7201 Hamilton Boulevard airman, President an

Allentown. PA 18195-1501 Chief Executive Officer PRODUCTS &=~
Teiephone (610) 481-8000

19 October 1995

Mr. Earnest W. Deavenport, Jr.

Chairman of the Board and
Chief Executive Officer

Eastman Chemical Company

P.O.Box 511

Kingsport, TN 37662

Dear Earnie:

You were a superb host at the groundbreaking ceremonies on Monday, making the day
a very memorable one for all of us.

We are very proud to be partnering with Eastman on this innovative liquid phase
methanol technology project. It is another example of our continuing commercial
relationship. In this instance, our collaboration will not only benefit our two companies but
ultimately the nation.

Warmest regards,




' ‘ AR 1.
Memorandum | monuc:sé"

To: DISTRIBUTION Dept./Loc.:
From: G. Campbell Dept./Ext.é Corp./Fin. Comm./14986

Date: 26 October 1995
Subject: MEDIA COVERAGE /KINGSPORT GROUNDBREAKING CEREMONY

1
E Anderson

i

0/3¢ - ‘\C/\’V\ 4 =~
" A Castello "I \
. Chatterjee

Strecansky
Wagner
Witmer

wmumwmngu Q

dJ

A

J.

. C. Sorensen
. F.

LA,

. d.

Attached is the newspaper coverage we received in the Kingsport area
newspapers on the groundbreaking ceremony for the liquid phase
methanol facility. The local TV stations also covered the event . Let me
know if you would like to borrow the videotapes of that coverage.

priad

Attach.
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Eastman holds groundbreakmg |

Times-News shoto — David Grace .
Eastman Chairman and CEO Earme Deavenport stands on the site of the liquid plmse meth-
anol process demonstratxon faclhty, scheduled to be completed by the end of 1996

for methanol producmg facility

- By AMY STEVENS -
-_Times-News'Business Writer

- Ofﬁcials:.-‘from Eastman Chemical Co., Air
...Products and Chemicals Inc. and the U.S. De-: -
.partment of Energy on Monday broke ground

for a facility that Eastman Chairman and Chief

. Executive . Officer Earnie Deavenport said
‘“confirms that technology is-a viable solution
" {0 our environmerntal problems.”

The liquid phase methanol process demon-

. stration facility, scheduled to be completed at
_ Eastman’s Kingsport complex by the end of
© 1996, wiil- make methanol from coai-derived

synthesis gas. The project is part of the DOE's

 Clean Coal Technology Program and will be

the first facility of its kind in existence.
Projected cost for the facility is $214 mil-

“lion. The DOE will provide $93 million, or 43

percent of the costs. The remaining $121 mil-

lion will be funded through a joint venture be-

tween": Eastman and Air Products and

.- Chemicals:. ey

N “ThlS ﬁrst-of-a-kmd facility ... will demon-

strate a cost-effective, environmentally friend-
<1y route ;- for... producing - liquid- . fuels . and.
chemical » feedstocks nfrom coal,”*said. H.A.

- trates Just how well: government and’ mdustry
. can work’.together to-address our nation’s

goals for energy mdependence and a cleaner
environment.”

At full output, the liquid phase methanol

" ‘facility will produce 260 tons of methanol per

day. ‘Although most methanol today is pro-
duced from natural gas, officials said, East-
man has pioneered commercial technology for
producing methanol from coal.

. Methanol produced at the facility will be
used by Eastman as a chemical feedstock. The
methanol will also be tested off-site as an al-
ternative fuel in packaged electric generators
and as a transportation fuel in buses and van

- pools in California and West Virginia.

. Test. operat.lons at the facility are sched-

.uled/to” begin:in early 1897 and continue -

_throngh Jax;\xary 2001. The facility is the 31st

project’ in the DOE's Clean Coal Technology
Program.

-“Today is indeed a momentous ‘occasion,

because it's a day of confirmation,” Deaven-~

port said. “Today confirms the beginning of a

new:era in synthesis gas technology. The. day

that a new technology takes the glant step
from pilot plant to commercial scale ls ger-
tainly a day for celebration. :

_ “And to the scientists and engmeers who.

have brought this .technology to this stage in
its development, I-extend my- heartfelt con-

gratulations and a special thanks for applying.

your knowledge and your skills toward making
our environment a little greener.”

-Rep. Jimmy Quillen was on hand for the )

groundbreaking and said he is “proud .of
what's going to happen” at the facility, citing a
need to use. coal to its maximum potentlal for
developing new energies.

And Alan Edwards, principal- deputy as-
sistant secretary of fossil energy for the DOE,
said the groundbreaking is a milestone that
“will reshape the role of coal in the 21st centu-
ry-n . - - S )
Projects such as the new facility, Edwards

- said, ‘are the return on the federal govern-
- ment’s '$6.7 billion’ mvestxnent'm the Clean

Coal program.

" “When we go to Congress to explam..what
the American. people are getting for their
Clean Coal investment, we can talk about
brick and mortar and steel rather than just
promises and possibilities,” Edwards said.
“We can talk about a new way to produce lig-
uid fueis to power our automobiles and. light
our homes. i

“We can talk about the affordable energy .

that can’t be embargoed or shut off from our
shores. This energy is ours, and we can. control
it. It's part of our destiny...

“That is why when the American people
ask, ‘What are we doing to improve the quality
of our lives and the lives of our children?’ we
can point here to Kingsport, Tennessee, to the
brick and steel of an innovative'fa‘cility .. and
we can say to them, ‘This is what we’re build-

ing for you, for your future and the future of .
'ourchlldren‘ "o ' PR
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MEETING NOTICE

PLEASE NOTE: Security badges required for visitors in all buildings and empioyees in R&D buildings.

AIR IIA
AR v

DISTRIBUTION (NAME/ORGANIZATION) (If unable to attend, contact originator) COPIED FOR INFORMATION ONLY
DOE ACPI EMN E. Schaub/A12A3
D. Archer W. Brown/A12B2 W. Jones
- 3 D. Drown/A12B2 L. Paulonis
R. Kornosky F. Frenduto/A12B2 B. Street
R—Nocesi W.M - E. Heydorn/MC83
J—Reuther R. Moore/A32G3
T. Torkos
FROM ORGANIZATION EXTENSION | TODAY'S DATE
D. Drown PSE- Project Engineering 6143 11 October 1995
DATE OF MEETING WEEKDAY TIME LOCATION
FROM TO
10/17/95 Tuesday 8:30 AM 11:45 AM |Kingsport, TN

SUBJECT AND/OR PURPOSE
Kingsport Liquid Phase Methanol Demonstration Project

DOE Project Status - Review Meeting (Start of Construction)

Desired Results/Outcomes

Project Update
REFERENCE MATERIAL/OTHER
APCI Draft EMP (10/09/95)
Project Evaluation Plan
AGENDA
« Introductions All 8:30-8:45 AM
o Project Status £k 8:45-10:00 AM
Overview WRB g““%::ﬂj. mMW-QL @hm .,
Engineering DPD
Procurement DPD
Construction DPD
Eastman Scope of Work LBP
Project Schedule DPD
Current Spending DPD
e Environmental Monitoring Plan FSF 10:00-10:45 AM
« Demonstration Plan ECH 10:45-11:00 AM
« Commercialization Update WRB ¢ Mipehmes - 11:00-11:10 AM
.  DME/Off Site Testing Update -~ WRB e it thocts. 11:10-11:20 AM
» Wrap-Up All 11:20-11:45 AM
« Lunch All 12:00-12:30 PM
MN31

FORM 3683 {REV. /91)




KINGSPORT LPMEOH PROJECT STATUS

SUMMARY JULY - SEPT. 1995

e PIPING DESIGN TEAM FULLY ENGAGED

e MOST CONTROL VALVES SIZED
e REACTOR FABRICATION RESTARTED

e MAJORITY OF PIPING TIE-IN WORK COMPLETE
AT SITE

e SITE PREPARATION WORK STARTED

* FOUNDATION AND UNDERGROUND CONSTRUCTION
FOR BIDS IN |

S079
10/13/95
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AIR 7.

NOTES FROM MEETING PRODUCTS 4=
Page One Of Two

[ DISTRIBUTION (NAME/ORGANIZATION) *Unable to attend. *Chairman COPIED FOR INFORMATION ONLY
DOE ACPI EMN E. Schaub/Process
D. Archer W. Brown/A12B2 W. Jones TeamA12A3
R. Kornosky D. Drown/A12B2 L. Paulonis D. Brown/A31E4
W. Mundorf F. Frenduto/A12B2 B. Street
T. Torkos E. Heydorn/MC83

R. Moore/A32G3

FROM ORGANIZATION EXTENSION | TODAY'S DATE
D. Drown PSE- Project Engineering 16143 |20 October 1995
DATE OF MEETING WEEKDAY TIME LOCATION
FROM TO
10/17/95 Tuesday . |8:30 AM Noon Kingsport, TN

SUBJECT AND/OR PURPOSE
Kingsport Liquid Phase Methanol Demonstration Project
DOE Project Status - Review Meeting (Start of Construction) |

ITEM | RESPONSIBLE TARGET !
NO. | PERSON (INITIALS) DATE DISCUSSION

These notes highlight action items and discussion from the DOE
Project Status review meeting held at Eastman's plant on 17
October 1995.

1. | E. Heydorn 12/95 APCI will issue to PETC a draft of the 4 year Demonstration Plan -
in December.

2. D. Drown 12/1/95 |PETC would like a drawing showing reactor internals.

3. D. Drown 10/18/95 |Remind APCI Transportation that the compressor should be
delivered on a U.S. flag ship.

4. | F. Frenduto 11/1/95 | APCI should define other areas in plant design that may be of
concern in producing noise above 85 dBA (i.e., let down control
valves, venting startup steam, etc.).

5. The on:-site delivery dates for the reactor is estimated to be 3/22/96.
6. ’ APCI plans to submit the Budget Period #3 Continuation
Application on or before 8/1/96. The current end date for Budget
Period #2 is 9/30/96. We need to better define for the DOE the
commissioning and startup schedule and plan as of 8/1/96.
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CONTINUATION
Page Two Of Two

ITEM
NO.

RESPONSIBLE
PERSON (INITIALS)

TARGET
DATE

DISCUSSION

10.

11.

F. Frenduto

E. Schaub

W. Brown

W. Brown

W. Brown

MNo031

11/17/96

8/11/96

1//20/96

1/20/96

10/25/95

APCI will discuss what analysis will be done on each stream to be
monitored in Section 7 of the EMP. APCI will mark-up a
simplified PFD or BFD with the stream numbers to be monitored.
Streams of environmental concern for this plant include:

- fugitive emissions

- spent catalyst removed from the plant

- spent absorbents removed from the plant

- higher alcohols to existing Lurgi plant

- liquids (spent lubricants, etc.)

The EMP should also describe the environmental streams of
concern to an audience that may not know anything about the
LPMEOH process.

It was suggested that we write a prical Report on the work done
to date on analyzing the feed synthesis gas streams for catalyst
poisons and on the additional work scheduled to be started in May

1996.

APCI is talking to a few potential customers for this technology as
an add-on plant in the U.S. (TVA, Koch Refining) and a few
potentials overseas. These potential projects are in the study
phase. We would not initiate a project until the Kingsport plant is
up and running for at least a year.

APCI will update our commercialization plan next year. We are
looking at future energy forecasts to aid in this projection.

APCI needs to write up our conclusions on the market analysis of 3
weight percent DME as a M-100 Diesel replacement or put in the
Quarterly report. ’

APCI W111 be meeting with Acurex and EPRI next week to
reinstate discussions on Off-site Product Fuel-use Testing.
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Air Products and Chemicals, Inc.

/.
7201 Hamilton Boulevard AIR /. |
Allentown, PA 18195-1501 PRODUCTS L=

December 22, 1995

Telephone (610) 481-4911

I3
Telex: 847416 W(g .

Mr. Robert M. Kornosky

PETC Technology Project Manager
CT-10, Mail Stop 920-L

U.S. Department of Energy/PETC
P.0O. Box 10940

Pittsburgh, PA 15236

4
I/{,}Cg/-fu'
N | =

A
W—J,L C&wvw-lv/(:/'

Cooperative Agreement DE-FC22-92PC90543
Liquid Phase Methanol Demonstration Project
Subject: Operating Test Plan

Dear Bob:

Attached for your review and comments is the first draft (Rev. 0) of the four
year test plan for Phase 3, Task 2 (LPMEOH™ Process Demonstration
Facility) Operation. We plan to iterate this plan over the next few months,
with input from all the participants as well as from our Phase 1, Task 5
commercial economic studies. The final draft of this plan is due to be
submitted in August 1996, 60 days prior to the commencement of Phase 3.

Task 2.1.1 now includes a few (high inlet velocity, high catalyst
concentration) commercially important tests from Task 2.2.2. These changes
provides a better overall use of the four year test plan time.

We have focused on the first 12 to 18 months of operation in developing this
first four year plan. We will be preparing annual test plans throughout
Phase 3 operation. These annual test plans updates will provide detailed
plans for test runs for the coming twelve months, and a general plan for the
remaining years. :

We look forward to receiving your comments and suggestions on this draft of
the Operating Test Plan.

Very truly yours,
E. C. Heydorn

DOE/CCT Operational Program Manager
LPMEOH Demonstration Project

Attachments - 1) Operation Plan (8 Pages) - 2) Glossary (2 Pages) - 3) Test Plan Table (4 pages)
ECH/L-001
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