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ABSTRACT

This was the second period of Contract performance. During this period approval
was obtained for the unified design concept, advanced scheduie for relocation

of the LPM pilot plant, and advanced procurement of long lead delivery equipment
jtems. The LaPorte LPMeOH PDU Process Flowsheet developed further and the
Engineering Flowsiieui evolved to the Revision OA preliminary issue. Eight

cases of point-by-point heat and mass balances were released. Procass equipment
specifications were issued for 30 of the 33 equipment items. WMechanical
specifications were issued for 16 equipment items. Quotations were received

for the 2 long Tead delivery items, the Feed/Recycle Compressor and the Slurry
Circulation Pumps; technical evaluations of these bids are underway. Semi-
final equipment arrangement and plot plan drawings were prepared. The Prelimi-
nary Hazards Review was conducted and the subsequent Design Hazards Review was
initiated. A request for exemption from construction and operating permit
requirements was submitted to the Texas Air Contrci Board. Progress was made

on the specification of the Data Acquisition System. In the labaratories,

APC] established the priority for compositions of new methano]l powder catalysts
to be prepared. Construction of the APCI Gas Phase Screening Reactor and
Stirred Autoclave Reactor continued on schedule. Progress was made in evaluating
the potential modification of the Deckwer liquid phase Fisher-Tropsch model to
describe LPMeOH performance. In the CSI laboratories, a 550-hour liquid-
fluidized run was completed successfully in the Lab PDU. Preliminary results
indicate that the new catalyst tested is mure attrition resistant thanh any
prior liquid-fluidized catalyst candidate. Testing of in-situ catalyst reduction
procedures continued in the Stirred Autoclave Reactor with successful results
which led CSI to file a Record of Invention form for a potential invention
covering this process., Specifications and quotations for major equipment

items in the €SI liquid-entrained PDU were completed and received. The first
of the two 1ab slurry pumps arrived. A preliminary plan for cold flow hydro-
dynamic modeling was completed. DOE approved submission of the Task 2 deliverable
report on 1 June 1982 in order to increase tha accuracy of the program cost
estimate. The 1 June deliverable report will incorporate and take advantage

of the research achievements and efforts currently underway at APCI and €SI.
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PROJECT DESCRIPTION:

On 28 September 1981, Air Products and Chemicals, Inc. (APCI)
began a 42-month contract with the U.S. Department o7 Energy
{DOE):  #Liquid Phase Methanol (LPMeOH) Process Devalopment
Unit: Installation, Operation and Support Studies." This
project is aimed to further develop the LPMeOH process invented

by Chem Systems Inc. (CSI). Chem Systems is performing as a
subcontractor to Air Products.

A DCE-owned, skid mounted pilot plant will be transferred from
Chicago, refurbished, expanded for service as the LPMeOH Process
Development Unit (PDU), and then relocated and commissioned at
Air Products' LaPorte, Texas facility. Air Products will

supply synthesis feed gas to the LPMeOH PDU and operate the

unit for a planned 24-month pericd. Chem Systems is performing
the major portion of the laboratory support R&D and is providing
.« chnical management for the project. Afir Products is providing
averall program management and is responsiile for engineering
design, construction, and operation.

The program is divided into 11 major tasks which are phased to
allow prograss review and approval to proceed., The 11 major
tasks are:

Program Planning

Engineering and Design Specifications

Equipment Procurement

LPM Pilot Plant Relocation/Inspection

LaPorte LPMeOH PDU Renovation, Installation and Shakedown

Liquid-Fluidized Operation

Laboratory Support Program

Conversion of the LaPorte LPMeOH PDU from Liquid-Fluidized
to Liquid-Entrained Mode

9. Shakedown of the Ligquid-Entrained Mode of Operation

10. Liquid=Entrained Operation

1l. Project Evaluation

The tasks are phased as follows:

Phase Tasks Schedule
I 1,2,4,7,11 28 September 1981 - 28 March 1985 (Months 1-42)
11 3,4,5 1 June 1982 - 1 April 1983 (Months 9-18)
II1 b 1 March 1983 = 1 June 1984 {Months 18-32)
v 8 1 January 1984 - 1 April 1984 (Months 28~30)
v 9,10 1 April 1984 - 1 March 1985 (Months 31-41)
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OBJECTIVES:
The overall objective of this program is to demonstrate the
technical feasibility of the Liquid Phase Methanol (LPMeOH}
process at the Process Development Unit (PDU) scale of operation.
On a per task basis, objectives are to:

Task 1 - Program Planning

Establish a Project Work Plan presenting in detail all activities
which will be performed for the successful completion of the

program.

Task 2 - Engineering and Design Specifications

a) Conduct a process engineering/design review and safety exam-
ination of the existing Liquid Phase Methanation (LPM) pilot
plant at its present location in Chicage, I11inois;

b) Obtain permits to install and operate the LPMeOH PDU at LaPorte,
Texas;

c) Develop detailed plans and specifications for the repair,
modification, and expansion of the existing LPM unit to enable
liquid-fluidized (ebullated bed) and, subseguently, liquid-en-
trained (slurry) methanol productien; and

d) Develop & deactivation plan for the LaPorte LPMeOH PDU.

Task 3 - Equipment Procurement

Purchase, lease, or obtain from DOE inventories the eguipment
and systems specified in Task 2.

Task 4 = LPM Pilot Plant Relocation/Inspection

Transfer the existing LPM pilot plant from its present location
in Chicago to a vendor's facility for inspection.

Task 5 - LaPorte LPMsOH PDU Renovation, lnstallation, and Shakedown

a) Renovate the LPM pilot plant to become the LaPorte LPMeOH PDU,
according to the specifications developed in Task 2;

b) Prepare the LaPorte site;
c) Transfer and install the LPMeOH PDU at LaPorte;
d) Make interconnections and test components; and

e) Conduct an integrated run without catalyst.
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Task 6 = Liquid-Fluidized Operation

Operate in the liquid-fluidized (ebullated bed) mode to:
a) Assess the effect of reactor configuration/internals;

b) Identify catalysts which in short runs have acceptable activity
and attrition characteristics;

¢) Perform process variable scans to determine the effects of
temperature, pressure, space velocity, catalyst loading, ¢ircu-
lating oil flcwrate, and feed gas composition; and

d) Perform a 45-day continuous run to demonstrate short-term
process operability, principally at a single set of conditions.

Task 7 - Laboratory Support Program

a) Conduct literature surveys, develop a bibliography of pertinent
references, and maintain 1iaison with others working on related
liquid-entrained (slurry) systems.

b) Develop procedures for in-situ reduction of commercial powdered
methanol! catalysts slurried in o0il, vapor phase reduction of
commercial granular materials which can subsequently be slurried,
and simultaneously screen commercial catalysts and develop data
for modeling the ligquid-entrained reaction;

c) Synthesize new iiquid-entrained catalysts;

d) Screen new liquid-entrained catalysts in a gas phase fixed bed
reactor, in a liquid-entrained stirred autoclave reactor, and
in the Chem Sysiems' Fairfield jaboratory POU;

e) Construct and operate a cold flow model unit to study the
hydrodynamics of the gas-slurry reactor;

f) Modify the existing Chem Systems’ Fairfield laboratory PDU to
allow liquid-entrained as well as liquid-fluldized operation;

g) Operate the modified €SI lab PDU to perform process variable
scans; and

h) Support the LaPorte LPMeOH PDU liquid-fluidized and 1iquid-
entrained operating medes, principally by screening catalysts.

Task 8 - Conversion of the LaPorte 1PMeCH PDU from Liquid~Fluidized to Liquid-~
Entrained Mode

Perform necessary process adjustments, alterations, and minor
operational tests to facilitate the convercion of the PDU from
the liquid-fluidized (ebullated bed) to the Vfquid-entrained
(slurry) mode.
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Task 9 ~ Shakedown of the Liquid-Entrained Operation

Test components, conduct an integrated run with an inert powder,
and conduct an integrated short run with a 1iquid-entrained
methanol catalyst.

Task 10 - Liquid-Entrained Operation

Task 11 -

a)
b)

c)

Conduct short runs with promising liquid-entrained catalysts;

Perform process variable scans to determine the effects of
various operating conditions; and

Perform a 45-day continuocus run to demonstrate short-term
process cperability.

Project Evaluation

a)

b)

c)
d)

e)

Evaluate data from the LaPorte LPMeQH PDU and the laboratories
to develop models;

Evaluate alternative reactor designs and the two liquid phase
operating modes;

Perform detailed process evaluations for commercial-size plants;

Develop plans for a larger scale demonstration of the LPMeQOH
process; and

Report on program activities.
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RESULTS:

Task 1 ~ Program Planning

This task is complete. No activity.

Task 2 ~ Engineering and Design Specifications

2.1%
2.1.1

2.1.2

APC1 ManagemenF Activities

Project Management -

Specifications for dismantling the LPM pitot plant for relocation
from Chicago were completed and released. Bids were received

and a technical evaluation completed for this contract, and
purchase approval has been requested of the DOE.

Specifications for shop inspection of the LPM pilot plant
equipment in the Mouston area have been completed and technically

approved by thae DOE. Receipt of bids is scheduled for 21
April 1982.

LaPorte commercial facility flowsheets were marked-up to illus-
trate the eleven piping tie-ins required for feed gases and
utilities to the LPMeOH PDU., Instructions for further detailing
of these tie-ins to the LPMeDH PDU battery limit were transmitted
in coordination of Design Engineering activity.

O0E excess capital equipment and excess property lists Tor the
Syntioil plant were reviewed to identify potential items for

usé in the Liguid Phase Methanol Program. A more detajled

review and physical inspection of this equipment will be conducted
on 21 April 1982.

A review of the Preliminary Hazards Review Report was conducted
and a final draft is being developed. A Design Hazards Review
Team was organized and assembled to conduct a detailed analysis
of the plot plan, flowsheet, shutdowan logic, soiids handling
systems, catalyst reduction and product storage.

Based on current schedules for receipt of vendor gquotations for
new equipment items and for inspection of the LPM equipment,

a request was made to the DOE to revise the submittal date of
the Phase I deliverable report that will include a revised
estimate of the overall program. A revision from 1 May 1982 to
1 June 1982 was approved by the DOE, to enhance the usefulness
of the estimate data.

Economic Evaluation - Work was started on revising an internal
Project Scope Report that will consolidate the necessary data
for detailed estimating by each performing group within APCI.

* Rafers to Work Breakdown Structure Elements.

-5-
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2.1.3
2.1.4
2.2

2.2.1

2.2.2

2.3
2.3.1

Communications - No Significant Activity.
Parmit Fees - No Activity.
Cs1

CSI Assistance to APCI - Chum Systems provided APCI with review
and comment on preliminary flowsheets for the LaPorte LPMeOH

PDU. A marked-up flowsheet showing suggested pracess corrections,
contral points' and data acquisition points was transmitted to
APCI. This mark-up was reviewed in a meeting at APCI on 19-20
January 1982. Plans for dismantling the LPM pilot plant wera
also reviewed at this meeting including procedures, equipment
1ists, and skid and piping break points. Chem Systems also
participated in the Process Hazards Review held at APCI on 15
March 1982.

Data Acquisition System Specification - The LaPorte LPMeOH PDU
flowsheets were reviewed to determine and verify the required
data acquisition and sampling points on the unit. Calculations
to reduce these data points into an cperational format were
outlined in order to estimate the size of the data acquisition
computer. Preliminary gquotations and leasing arrangements, as
well as cataiog information, were received from several vendors
an items required in the analytical (i.e., gas chromatographs,
analytical balances, interfaces, etc.) as well as the computa-
tional (computers, data loggers, printers, etc.) sections of

the data acquisition unit. On the basis of this information a
preliminary estimate was prepared and the buy/lease option
evaluatad for the data logger/microcomputer opticn of the data
acquisition system. These results were reviewed with APCI in
Allentown on 25 March 1982, where the associated costs and
Teasing arrangements of the minicomputer option were presented.
As a result it was agreed, in principle, to specify the mini-
computer system as the leading option for use in data acquisition,
provided CSI can maintain complete contrel and responsibility
for the data acquisition task at LaPorte. Final selection of
this option is dependent upon confirmation of system and projact
criteria discussed in the 25 March meeting. In addition, the
preliminary configuration and cost estimate for the analytical
portion of the data acquisition system was developed. A list

of acceptable vendors has been established and final specification
sheets are currently beinq developed as a prelude to formal
equinment bid solicitation.

APCI Design

Integration -
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Process Flowsheet

The Process Flowsheet, Revision P1, dated 5 January 1982 was
attached and described in Technical Progress Report No. 1.
Since that time the following change considerations have developed:

1.

Elimination of Pressure Leaf Filter (22.55)

A more detailed review of the LaPorte LPMeGH PDU shutdown

and the Pressure Leaf Filter operating conditions revealed
the following:

o The seolids loading is too high for a pressure leaf
Tilter,

o Upon shutdown, the PDU must be quickly evacuated of
the catalyst/oil sTurry, otherwise settled catalyst
studge will build up and cause numerous blockages.
Catalyst settling in 1ab slurry samples implies there
may be 15 minutes in which to begin evacuation, and
30 to 60 minutes available to compiete the transfer,

(Calculations are required to better determine these
times.)

@ The o0il must be ccoled below 180°F (80°C) for conven-
tional pressure leaf filtration. Standard filters
use rubber gasket materials and filter aid materials
contain some entrapped moisture which could cause
foaming when mixed with hot oil.

It is now recommended that the slurries be pressure trans-
ferred to the Slurry Preparation Tank (28.28) for temporary
holding prior to gravity transfer t. Tote Bins for final
disposal. The Tote Bins may be used to decant the slurries
to yield a reuseabie o0il supernatent. Controlled oxidation
of catalysts may be performed in the Tote Bins to permit
safer handling and direct disposal to a secure landfill.
The need and the methods for catalyst oxidation are under
review. (A plan to evaluate the pyrophoric nature of

spent catalyst/oil slurry is noted in Task 11.4.)

Alternative Water Addition Location

In the Revision P1 Process Flowshest, water addition is
shown upstream of the Three Phase Separator (23.10). An
alternative route has been added to allow water addition
to the top of a small packed section in the vapor outlet
of the Three Phase Separator. This capability allows some
scrubbing of methanol from the purge/recycle gas. Low
methanol content in the recycle gas is desirable in order

to accurately measure net methanol production in the
reactor.
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Catalyst Reduction Vessel (02.81) - (On Hold)

Chem Systems coniinues to make significant progress in the
stirred auteclave tests to optimize in-situ catalyst
reduction/activation conditions {see Task 7.2.2). Evidence
is mounting that the separate Catalyst Reduction Vessel is
not required. Data is still needed on other catalysts to
confirm mare general abilities to achieve in-situ reduction.

Potential Elimination of Spare Slurry Circulation Pump

(20.50 B)

The flowsheet for the LaPorte LPMeOH PDU has indicated two
Sturry Circulation Pumps (10.50 A & B) since the initial
proposal to the DOE for the LPMeOH Program. The proposal
considered these pumps to each be 100% design capacity

euch that an installed spare would be available on stand-

by during LaPorte PDU operation. This dual pump installation
was justified originally by considering that the costs
associated with a single pump 7ailuire ieading to the loss

of even one LaPorte PDU run would more than outweigh the

cost for an additional pump.

Progressive development of the LaPorte LPMeOH PDU design
has revealed that three key points of this ariginal justifi-
cation are questionable:

e Recent developmental experience with hot, high suction
. pressure, centrifugal, slurry pumps has lead to the
commercial availability of equipment that may be
considered to have acceptable reliability for the
LaPorte LPMeOH PDU operating progranm.

¢ Failure of the Slurry Circulation Pump will not
necessarily lead to loss of a PDU run since the
Sturry Preparation Tank {28.30) will now be used to
maintain the slurry in suspension and at temperature.

¢ Due to difficult technical problems associated with
the installation of a stand-by pump in this service,
the incremental costs for a dual pump instailation
over a single pump installation may be several times
greater than originally estimated.

In the final analysis it is considered desirable to

maintain the sturry circulation loop in the simplest, most
direct flowing arrangement, from both operational reliability
and safety standpoints. Therefore, a detailed evaluation

is in progress to evaluate the suitability of a single

Slurry Circulation Pump installation for the LaPorte

LPMeOH Fal.
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A Simplified Process Flowsheet for the LaPorte LPMeOH PDU
is given in Exhibit 2.3.1-1. This simptified version
complements the Revision Pl issue of the Process Flowsheet
by providing a clear, smaller-size schematic of the main
process lines and equipment. Heat and mass balance points
are also given on this flowsheet.

Engineering Flowsheet

A Revisioh 0 Engineering Flowsheet for the LaPorte {PMeOH
?DU was issued on 10 March 1982. This was subsequently
marked up during the Design Hazards Review to produce a
Revision OA edition. A preliminary Revision DA Engi-
neering Flowsheet is attached as Exbibit 2.3.1-2. This
preliminary flowsheet has just issued for internal APCI
review and has not yet been approved and signed-off. The
preliminary flowshzet does show the current state of
development of the P&ID. The next level of development of
the Engineering Flowsheet is the Revision 1 issue, which

will be submitted in the June 1882 Phase I deljverable
report to the DOE.

Heat and Mass Balances

The final design heat and mass balances for the eight (8)
design cases, four (4) for the liquid=-fluidized mode and
four (4) for the liquid-entrained mode, were completed and
released in January 1982. The operating conditions for
the eight (8) design cases which include the maximum and
minimum methanol production cases for both modes of oper-
atian as well as four (4) "normal" operating cases are
given in Exhibits 2.3.1-3 and 2.3.1-4. The detailed point
by point heat and mass balances for the design cases were
developed using APCI's process simulator program and are
enclosed as Exhibit 2.3.1-5. The key stream numbers for
the heat and mass balance are shown in Exhibit 2.3.1-1,

tge Sinplified Process Flowsheet for the LaPorte LPMeOH
PDU,

Process Equipment Design

During this quarter, process equipment specifications were
prepared and issued for 32 equipment items in the LaPorte
LPMeOH PDU, One of these items (Pressure Leaf Filter
22.55) was subsequentiy voided, and two items are con-
sidered as one (01.10/01.20 Feed/Recycle Compressor is a
muttiservice machine) by Project Engineering. Therefore,
30 of 33 valid process equipment specifications are com-
plete at this time. Of these 30 process specifications, 5
exist as revised specifications resuliing from engineering
feedback. The three remaining equipment items are the
Reactor (27.10), the Siurry Preparation Tank (28.30), and

-tgnn
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the Catalyst Reduction Vessel (02.81). The Reactor is the
existing reactor vessel (R-101) in the LPM pilot plant;
the process specification is being delayed pending further
analysis of the need for internals in the liquid-fluidized
(ebullated bed) and liquid-entrained {slurry) modes. The
Slurry Preparation Tank specification is scheduled foy
issue by 25 June 1982. As noted above, the Catalyst
Reduction Vessel is on-hold pending additfonal experi-
mental confirmation that this vessel is not required.

Some process design characteristics of key equipment items
in]the LaPorte LPMeOH PDU are provided in this report as
follows:

1. Slurry Circulation Pumps (10.50 A & B)

The process equipment specification is attached as
Exhibit 2.3.1-6.

2. Feed/Recycle Compressor (01.10/01.20)

The process equipment specification is attached as
Exhibits 2.3.1-7A and 2.3.1-7B.

3. Slurry Heat Exchanger (21.20)

The process equipment specificaticn is attached as
Exhibit 2.3.1-8,

4. Reactor (27.10)

A schematic of the reactor and some key operating

ggrameters are given in Exhibits 2.3.1-9A and 2.3.1-

Hazards Review

The Preliminary Hazards Review was completed. The subse-
quent Design Hazards Review progressed to analyze specific
hazards and to document conclusicns and recommendations
relevant to each jtem. The "What If?" method of analysis
was used to review the Engineering Flowsheet, Revision 0,
dated 10 March 1982. As a result of this review the
following hazards were recommended for quantification by
Fault Tree analysis:

Preliminary
Deseription of Hazard Recommendation
1. Potentially pyrophoric, la. Use administrative
hot, oil/catalyst slurry, procedures to assure

- 10-
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exposed to air. tight shutoff prior to
maintenance on stand-
by equipment in the
slurry mode.

1b. HMonitor errosion
rates in equipment
and piping.

lc. Use administrative
controls to prevent

overfill of Tote Bins
for spent slurry
disposzal.

2. Run-away reaction. 2a. Provide alarms for low
nitrogen flow or high
H, concentration, spe-
c?fica11y for reduction
gas supply in liquid-
fluidized catalyst
preparation.

2b. Utilize administrative
control to eliminate
severe consequences of
temperature rise upon
loss of slurry circu~
lation during in-situ
reduction.

2c. Develop understanding
of catalyst activity
and potential for oil
cracking on temperature

excursions.
3. Major release from 3a. Provide adequate pressure
Methanol Tank. relieving devices.

3b. Provide high Viquid
level alarm.

Fault trees on the above items will be completed and
quantified upon release of the Revision OA Engineering
Flowsheet and the preIiminary shutdown logic diagrams
resulting from the "wWhat If?" review.

Environmental Permit Action

A request for exemption from construction and operating
permit requirements was submitted to the Texas Air Control

-11-
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2.3.2

2.3.3

2.3.4

Board (TACB) on 17 March 1982, It is belfeved that the

PDU facility will not make a significant contributien of

air contaminants to the atmosphere. The request to TACB
included a report on the emission sources and quantities.

The emission sources are the flare stack, storage tank

vents, pressure leat filter purge, and fugative hydro-
carhons. The continuous process vents of hydrocarbons and
CO along with emergency or relief valve vents will be sent
to a single smokeless flare designed for complete combustion.

Working 1bsses from the storage tanks along with controlled
fugative hydrocarbon emissions are estimated to total
about 14 T/Y.

The water discharge (treated rainwater runoff from the
process area) will be directed to the existing fire pond
at APCI's commercial facilities at LaPorte. This water
discharge increment is being included in renewal appli-
cations for APCI's overall water discharge permit at
LaPorte.

Permits will not be required by APCI for handling of
hazardous wastes on site. Howaver, cradle-to-grave

accounting will be required on all used catalyst/oil
preparations requiring disposal.

Methanol product will be disposed of as a fuel and there-
fore is exempt from EPA regulation.

Equipment ~ Exhibit 2.3.2-1 summarizes engineering specification
activity for the process equipment items in the LaPorte LPMeOH
PDU, Process specifications have been jssued for 30 of the 33
equipment items. Mechanical specifications have been jssued

for 16 items, including 15 of the new equipment items (18 total
new ftems). Quotations have been received on the 2 long lead
delivery items (01.10/01.20 Feed/Recycle Compressor and 10.50 A
& B Slurry Circulation Pumps) and technical evazluations are
underway. Requests for purchase approval for these luatter

items are expected to be submitted to the DOE by 30 April 1982.

Site/Structural - A site visit was made to LaPorte to verify
conditicns for tie-in pipe racks, roads and underground road
crossing designs.

Piping -

A site visit was made to LaPorte to verify existing piping
systems for tie-in. Upon return, design drawings were prepared
detailing the required tie~in consturction. These drawings
will be utilized for the preparation of take-off estimates to
be incorporated into the 1 June 1982 deliverable report.
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Semi-final equipment arrangement and plot plan drawings were

grepared based on information from the Design Hazards Review.
hese drawings and the Revision 04 Engineering Flowsheet will
form a basis for the LaPorte LPMeOH PDU renovation and installa-

tion estimates to be jncorporated into the 1 June 1982 delfjverable
report.

2.3.5 ETectrical -

Specifications’ have been prepared for switchgear additions to
the LaPorte commercial facility that would provide a source of
600 kVA service for the LPMeQOH PDU.

Two alternate specifications have been prepared for motor
control for the LPMeOH PDU to allow evaluation between matching
and Tine up with the existing LPM pilot plant motor control,
and total new purchase of motor contrsl equipment.

2.3.6 Instrumentation - Support was provided in the development of

control loop requirements on the Revision 0 and Revision DA
Engineering Flowsheets.

Task 3 - Equipment Procurement

No Activity.
Task 4 = LPM Pilot Plant Relocation/Inspection

4.1 APCI Management Activities

4.1.1 Warehousing = No Activity.

4.1.2 Traffic Services - No Activity,

4,2 €SI Management Activities

4,2.1 On 11 February 1982, a meeting was held at IGT in Chicago,

I1Tinois to inspect the LPM pilot plant with regard to its
retocation to a fabricator shop in Texas. A Chem Systems
representative was on hand for discussions with IGT personnel
and to answer questions pertaining to the pilot plant. Chem

Systems also reviewed the APCI specifications for dismantling
the pilot plant.

4,3 Field Engineering - A site inspection was conducted by an APCI
field instrument technician on the LPM pilot plant instrumen-
tation. Several loops were energized, and pneumatic valves
stroked to establish a list of reuseable instrument items for
incorporation into the detailed ship inspection pians.

4.4 LPM Pilot Plant Relocation

-13—
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4.4.1

4.4.2
4.4.3

Disassembly - A technical evaluation of bids was conducted and
purchase approval has been sought from the 0OE for award of
this contract. Site activity in Chicago is expected during May
1982.

Inspection = No Activity.
Rehabititation - No Activity.

Task 5 = LaPorte LPMeOH PDU Renovation, Installation, and Shakedown

No Activity.

Task 6 - Liguid-Fluidized Operation

No Activity.

Task 7 - Laboratory Support Program

1.1
7.1.3

APCI R&D

Catalyst Screening and Testing -

APCI Stirred Autoclave (Bench Scale Slurry) Reactor Set-Up

Major items ordered for construction of the 1000 wL Stirred
Autoclave Reactor were delivered. Items which were ordered and
not delivered as of this writing include:

. Fittings and valves from Autoclave Engineers, Inc. {1 lot).
Pressure transducers and demodulators (3 ea.).

Multipoint chart recorder (1 ea.).

Pressure regutator {1 ea.).

Gas inlet flow integrators.

Miscellaneous solenoid valves and fittings.

by~

The construction of the main control panel began, with cut-out
holes for missing instrumentation items made from dimensions
supplied by the manufacturers. The 1000 mL Stirred Autoclave
Reactor was moved into the operations cell and plumhing operations
will begin during April 1982. The reactor construction is
proceeding on schedule; back-ordered items should not affect

the schedule if promised shipping dates are met.

The operation cell area, which was newly constructed, was
completed and was checked-cut for proper ventillation with
smoke bombs. The area is monitored with recently installed
carbon monoxide alarms. The principal lab area is monitored at
4 points. The gas supply lines are located exterpal to the lab
and are monitored at 3 points for carbon monoxide. With the
final check on the cell operation area ventillation and the
instatlation of the CO monitor, the lab area is now operational.

=]14=
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7.1.4

Righ-pressure piping of inlet CO and H2 gases from the external
gas supply area was completed and leak“checked, The high
pressure piping for inert and CO, gas supplies was completed;
however, the gas cylinder manifo%d has not been installed.

York on this manifold is scheduled at a later date.

APCY Gas Phase Scresning Reactor

Final specifications for this unit were given to Chemical Data
Systems, Inc. and construction of this unit began at CDS's
facility. Monitoring of progress continued and shipment of the
completed unit is expected by 30 April 1982. Exhibit 7.1.3-1

shows a simplified schematic of the unit along with critical
measurements and capacities.

Catalyst Preparation -

The methanol catalyst literature search to cover the program
needs was initiated and is nearly complete. Discussions with
APCI's Corporate Development Department and other Process
Systems Group personnel have indicated that one-pound quanti-
ties of catalyst in the 45-75 nicron range will be provided for
testing. The first five catalysts for the program will be
preparad for delivery before 30 May 1982, The catalysts will
be characterized as to pore size, surface area, analytical
composition, and bulk density, although only the composition

and particle size distribution will be controlled in the initial
preparations.

The preparation priority, from high to low, with respect to
composition type is:

1. Supported Cul/Zn0, CuD/Mg0, CuD/Zn0/Ceria.
2. Cul/Ceria ((:e"'3 and Ce+4), CuD/Ceria/Alunina.
3. CuD/MoD3 or CuD/WO3 types.,

4. Raney alloys of Cu plus Zn and aluminum and copper plus
cerium and aluminum.

Copper-thorium alloys have been dropped Trom consideration at
present, This is due to the practical problems associated with
handling radioactive materials. Copper-cerium and/or copper-
1an§haqum allioys may be recommended as substitutes after further
analysis.

Mixed hetercgeneous-homogeneous catalyst systems have been
ruled out due to potential metal carbonyl volatility problems.



(s ot Produccti)

7.2
7.2.1

7.2.2

CSI R&D

Literature Review -

Cold Flow Hydrodynamics of Three-Phase Systems

The following paragraphs discuss some of the 1iterature reviewed

prior to scoping a system for cold flow modeling of the LPMeQH
process,

The performance of a chemical reactor with respect to conversion
and selectivity depends on the intrinsic kinetics of the various
chemical reactions, various physical rate processes such as
interphase transfer, and inter and intra particle heat and mass
transfer. The effects of these physical rate processes on the
reaction performance have been shown to depend on the dynamics
of the various phases involved. While there are numerous
pubiications about backmixing in 1iquid-gas bubbic columns and
in solid-fluid systems (References 1-5), much less material has
been published on three-phase ebullatec¢ bed/1iquid entrained
systems (References 6-8).

Experimental data on Peclet numbers due to axial dispersion in
chemical reactors are also very limited. Most of the work has
been limited to single phase packed bed reactors. Moreover,
data on such systems are only reliable when applied to systems
resembling those of the experimental studies (Reference 9).

At the present time, an extensive effort is being directed
toward the measurement and evalustion of backmixing in multiphase
systems through residence time distribution (RTD) studies
(References 10-11). One major problem encountered is that
separate RTD measurements are required tc evaluate the mixing
characteristics of each phase. Although there are numerous
methods available to obtain RTDs in complex multiphase systems,
measurement problems have been encountered by all recent investi-

gators. Flow maldistribution of the phases can especially
impede evaluation of RTD data.

£S1 Stirred Autoclave Tests -

The program for optimizing in-situ catalyst reduction techaiques
for catalyst powders suspended in inert hydrocarbon liquids
continued during this quarterly period. To date, seven runs

have been completed including five in-situ reduction conditions,
one veplicate run and a base case, vapor-phase reduction condition.

1. Description of Stirred Autoclave Reaction System

A process schematic of the CSI lab Stirred Autoclave
System is shown in Exhibit 7.2.2-1. The heart of the
system is a two-liter autoclave equipped with a top entering
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magnedrive agitator assembly and water cooled by an automatic
temperature controller. The autoclave is a Model AFP-2005
from Autoclave Engineers. The agitator has a 3/B-inch
diameter hollow shaft with two 3/16-inch diameter draft
tube inlet holes located ten inches above the 1-1/4-inch
diameter impeller. The system is set up in such a way
that feed gas, reduction gas and make-up o1l can be intro-
duced under controlled pressure and flow conditions. The
reactor effluent passes through a shell and tube heat
exchanger before it enters the vapor-liquid separator.
Auxiliary equipment on the V/L separator allow for sampling
of vapor and liquid streams and measurements of flows,
temperature and pressure.

2. Catalyst Reduction Test Procedures

This section contains potentially patentable material and
has therefore been issued in the Suppiement to the Technical
Progress Report, marked “Not For Publication.

3. Run Procedures and Preliminary Results

This section contains potentially patentable material and
has therefore been issued in the Supplement to the Technical
Progress Report, marked "Not For Publication".

4. (alculation Methods

The: feed gas contained approximately 15 mole percent of
argon as an internal standard for calculation purposes.

The calculated data include vapor hourly space velocity
(VHSV), hydrogen and carbon oxides conversions, selectivity
and methanol praductivity.

The VHSV is calculated as follows:

Ve Arg 273.15 -

VHSV = W‘E X Fre X 7. T X T (Fa-
Where:  VHSV = Space Velocity in 1°hr '.kg !

Ve = Volume flow of effluent, 1/hr (at STP)

Are = Mole percent argon in efflueat

Arf = Mole percent argon in feed

wc = Gxided catalyst charge, kg

Te = Efftuent Temperature, °C

P2 = Effluent Pressure, kPa

- 17-
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The percentagea conversions of feed gas components (Hz. €0 and
coz) are calculated as follows:

APf
I '(Ie X A
c. = 8

i = I, x 100 (Eq. 2)
Where Ci = Percent conversion of component I

I "= Mole percent of I in fred gas

I, = Mole percent of I in effluent gas

= H,, CO or CO2

If the feed gas has a low CO, concentration {less that three
percent), then net CO, will ge produced, and the percent selec~
tivity to £0, (S ) €an be calculated as follows:

2

Ar
f ]

ArE
SCO = % 100 (Eg. 3)
2 Arf
Mf - ( ’le X —
Are
Yhere D = Mole percent of carbon dioxide
M = Mole percent of carbon monoxide
Ar = Male percent of argon

Subscript e refers to reactor effluent
Subscript f refers to reactor feed

The methanol productivity is calculated as follows:

- VHSV
Mp = T5E % 100 X (Mf X CM + Df X CD) (Eg. 4)

Where: MP = calculated methanol productivity; gmol/hr/kg
oxidized catalyst.

When a Tow CO, content feed gas is used, part of the CO is
converted to ED as well as to methanol. For this case, the
selectivity to EO would have to be subtracted from the term in
the parenthesis if Equation (4) in order to calculate the
methanol preductivity.
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7.2.%

Cold=Flow Model =~

The initial scoping of equipment vequirements and experimental
technigues was conducted in order to determine costs and timing
associated with cold flow hydrodynamic modeling of the LPMevH
process.

A cold flow hydrodynamic unit was designed which could be
operated as either a 1iquid-fluidized reactor or a liquid-
entrained reactor. In the liquid-fluidized mode, the precess
Tiquid velocity is controlled over a narrow range in order to
fluidize a fixed quantity of catalvst particles within the
confines of the reactor. For ligquid-entrained operations,
smalter catalyst particles are intentionally suspended in the
process liquid and are circulated throughouc the Tiquid circula~
tion loop. The process Tlows and physical dimensions of the
hydrodynamic unit broadly resemble that of the LaPorte LPMeOH
PDU. A conceptual process flow diagram of the cold flow hydre-
dynamic unit is shown in Exhibit 7.2.5-1.

It is anticipated that the hydrodynamic test unit would be
constructed of materials that are compatible with a range of
organic solvents. The process liquids will be selected to have
properties similar to those of the hot process iiquids. Solvents
of differing physical properties would be used in the determina-
tion of the density, viscosity and surface tension effects on

the hydrodynamic character of the process fluid.

1. Process Eguipment

In the liquid-entrained gas/1iquid upflow configuration,
gas and slurry are co-fed to the bottom of ..z reactor
(TW=-100). Gas is introduced through a suitable distri-
bution device while the slurry is introduced below the gas
distributor. Catalyst particle size and process liquid
flows would be selected so as to intentionally suspend the
catalyst in the process liquid and circulate the solids
throughout the 1liquid circulation loop. By design, the
catalyst solids and process liquids must remain a homog-
eneous mixture everywhere within the liquid circulation
loop. Gas/solids/liquids are taken overhead out of the
reactor to the V/L separator (V7-100) where phase sepa-
ration between gas and sluyry phases occurs. The sepa-
rated slurry phase is recirculated to the reactor inlet
through a pump (CP-100). The gas phase passes through a
demister (VT-101) to de-entrain any liquid droplets. The
gas can then be vented or recycled back to the compressor
(GC-100). The gas compressor would be equipped with a
water cooled aftercooler (HE-100). The gas then flows
into a surge tank in order to damp out pressure (or flow)
fluctuations prior to passing to the reactor gas distri-
bution systenm.

- 19_
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Reactor

The reactor used for the hydrodynamic study would be
constructed of a combination of flange-connected

glass and metal sections. The column dimensions
(identical to the LaPorte LPMeOH PDU reactor) wili be
0.56 meters inside diameter by 4.6 meters long. The
reactor piping connections at the top and botiom will
be flexible. The bottom metal spool piece is designed
to support the entire cold flow reactor assembly.

Each metal spool piece would be constructed so as to
allow for the introduction of sample probes, pressure
taps, and other instrumentation as required. The
sample probes would be constructed and operated 50 as
to obtain slurry concentration data along the radial
and axial direction. A Plexiglass ar Lexan shield
would be used to enclose the glass column for personnel
protection. Sections of the plastic shield would be
made removable to allow access to the various sample
and pressure taps. Finally, an x-ray source and
detector will be mounted so as to traverse the length
of the reactor. Alternately, a series of fixed
source/detector pairs may be mounted along the vertical
length to obtain the density profile.

Pumps and Compressors

A rotary screw air compressor with a water cooled
aftercooler would be used for supplying gas. The
preseqt desigh requires a compressor capable of up to
2.8 m° per minute at standard conditions and 790 kPa
outlet pressure. The compressor discharges into a
surge tank to damp out pressure and flow fluctuations.

Magnetically coupled centrifugal pumps will be selected
for the sturry feed and cirvculation loop. These

pumps are magnetically coupled to their motor so as

to eliminate problems of liquid or gas ieakage across

a dynamic seal. In addition, these pumps do not
require a seal flush flow. The present design requires

a pump capable of 830 Viters per minute maximum flow
at 23 meters total dynamic head.

Catalyst Recovery Filter

A plate and frame filter press is included in the
design to be used in determining solids holdup within
the column. Additional use would be made of the
filter in recovering "used" catalyst upon completion
of testing.
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o Vessels

The sTurry feed tank (VT-102) was sized at 1100
Titers to hold the entire contents of the cold Tlow
hydrodynamic test unit. It is baffled at 90° and
supplied with an agitator to maintain the catalyst
slurry in suspension. Liquid inventory can be monitored
by placing the unit on a weigh cell or by using a DP
cell. If a DP cell is used, an inert purge gas must
be supplied to the high side of the cell to prevent
plugging by catalyst. A slurry feed pump {CP-102) is
used to transfer the slurry to the main test unit
circulating loap.

The slurry preparation tank (VT-103) has a capacity
of 400 liters and was sized for slurry addition and
makeup in multiple batches, It is also baffled at
90° and supplied with an agitator. Inventory control
would be accomplished by placing the unit on a weight
cell. Slurry is transferred from the vessel to the
feed tank or the main circulation loop through the
slurry transfer pump (CP-101).

2. Experimental Techniques

Test methods for determining hydrodynamic system character-
isiics can be categorized as being either external or
internal monitoring techniques. External techniques are
preferential in that they do not interfere with established
flow patterns. Interpal methods involve the insertjon of
devices through the test cell wall, consequently inducing
flow disturbances downstream of the sample lacation,

® External Methods

Sonic probes and gamma-ray scan iechniques have been
used to obtain data on the average bulk density in
multiphase systems. Gamma-ray techniques make use of
differential absorption of radiation by various
materials. Being an external technique, it is an
excellent method for determining the average density
of a multiphase system without creating a flow distur-
bance. A movable density gauge could traverse the
length of the reactor and give point bed density
measurements directly. These measurements combined
with fluidized bed height measurements give a direct
evaluation of the relative 1liquid, gas and solid
phase volume fraction.

Sonic techniques are alternate external methods for '
determining densities of myltiphase systems, using
sound rather than radiation. In single-phase systems,
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phase~time and dual-path sonic probes (which measure
sonic impedance) can be used to determine density.
These devices can also be used in two-phase, liquid-~
solid slurry systems, provided that the sonic impedance
of the two-phase mixture is a very weak function of
slurry concentration. These devices cannot be used
when a bulk gas phase is present because discrete gas
bubbles give rise to interfering sonic reflections.

It can measure vertical bubble rise velocity or

slurry velocity.

Internal Methods

Several tracer testing methods are known for deter-
mining resjdence time distributions, flow rates and
relative phase volumes in multiphase reactors. The
techniques employed involve use of a tracer component
with an internal or external monitoring device.
External detection systems are preferred as they will
not interfere with established fiow patierns.

In general, flow patterns can be studied by injecting
a tracer into a vessel inlet stream and observing the
subsequent concentration profile at the outlet. At
steady state, methods used consist of injecting a
continuous tracer into the inlet of a studied interval
and measuring the upstream concentration. For large
diameter cotumns, problems are encountered in obtaining
a homogeneous dispersion of the tracer. Further,
attempts to obtain an average sample profile across
the column can be difficult without disturbing the
original flow patterns within the column. When
continuous sample withdrawal is employed, sample time
effects may distort the measured response. Unsieady
state methods of measuring residence time distributions
consists of injecting a momentary tracer pulse at the
reactor inlet and measuring the response function at
the outlet. Pulse injection methods are preferred to
step or frequency response methods since inputs
requiring large quantities of tracer are impractical
on Targe units. Pulse injection techniques are
simple, inexpensive, and vrequire only small quantities
of tracer material.

In performing a tracer study, proper tracer selection
is extremely important. The hydrodynamic response
must be characteristic of the flowing phase and not a
function of the tracer component. Any tracer employed
should be miscible and have physical properties
simitar to the bulk fluid phase. The tracer must not
be transferrable to the other phases of the system.

A11 tracers under censideration should be accurately

_22-
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detectable in low concentrations to minimize distur-
bances in the established reactor flow patterns.

To enable tracer detection in fast moving streams,
the data recording equipment must offer exceptional
sensitivity with a minimal detection response time.
For simplicity and accuracy, the response of this
equipment should be Jinear.

Gas, Tiquid or solid tracers can be injected into a
flow system to determine the vresponses for each
phase. For the gas phase, a tracer gas injected into
a multi-phase reactor would have its concentration
measured by a thermal conductivity or infrared
abscrption cell. Alternately, a radicisotope is
substituted. In using gas phase tracers, absorption
into the 1iquid phase precludes an accurate determina-
tion of the gas phase mixing and holdup without an
independent measurement of tracer content in other
phases. The differing rise velocities of individual
bubbles further complicate the detector response.
Because of these inherent difficulties in using gas
piiase tracers, only qualitative data concerning gas

phase mixing are available in the 1iterature.

The use of liquid tracers are well acceptied industrial
practices. Problems associated with their use are

the familiar ones of sampling induced errors when
internal techniques are used. External techniques
employed include the use of dyes coupled with high
speed photography and radiocactive tracer methods.
Unfortunately, photographic techniques relying on
photochrematic dyes or particle luminescence cannot

be used if the color change is obsured by the catalyst
particles. In larger diameter columns wall effects
can also obscure the events from photographic interpre-
tation.

For the solid phase, a magnetic tracer can sometimes

be used. The concentration of a solid phase tracer

may be measured by a capacitance probe if the dielectric
constant of the tracer material is substantially
different than that of the solid phase. In general,

for suolid phases, a suitable radioactive tracer is

often the most convenient ta use. If proper precautions
are observed, a radioactive tracer has a distinct
advantage over other tracers in that the tracer
detection devices can be mounted externally. In this
way, no disturbances in the established flow patterns
resulting from the presence of probes or sampling
devices are encountered. The use of a radioactive
tracer permits the time distribution function of a
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rapidly moving phase to be accurately determined,
since scintillation detectors can be interfaced with
high speed recorders or with multi-channel analyzers
with data storage capabilities.

7.2.6 CSI Lab PDU Modifications

The request to purchase the first of two slurry pumps was
approved. Meanwhile, all responses on the RFQ for fabrication
of vessels and skid equipment for the CSI lab PDU were received
and evaluated. It was decided, however, at a meeting held in
Fairfizld on 25 February with APCI personnel not to hire a
contractor to build a complete skid-mounted umit. Instead,
only major equipment items, such as pracess vessels and heat
exchangers, will be fabricated outside with the majority of
engineering, skid design and assembly handied by CSI in-house.
This change has been necessitated to allow more project flexi~
bility, lower overall costs and improved scheduling. Work
began on the assembly of a technical package which will serve
as sufficient documentation for required purchases of equipment
or services. This package will contain process flowsheets,
heat and material balances and a description of the Tiguid-
entrained CSI lab PDU. The process flowsheets will eventuaily
evolve into complete engineering flowsheets. This package when
assembled will accompany any requests for approval sent to

APCI/DOE.
7.2.7 CSI Lab PDU Experimental Program - This subtask will not be
initiated until the CSI Lab PDU modifications are completed.
7.2.8 LaPorte LPMeCH PDU Support -
Qverview

United Catalysts Inc. has developed under EPRI support (Reference
12) a methanol synthesis catalyst for the liquid-fluidized
(ebullated bed) mode. This material represents a catalyst
candidate with potentially better attrition resistance than any
catalyst tested under the prior EPRI contract (Reference 13).

A 10 b sample of this catalyst (CSI Identification Number
R71/0F12-02) was shipped to CSI's Fairfield Research Center for
evaluation in a test in the CSI Lab PDU. The catalyst was
charged to the reactor on 16 February 1982 and was reduced
utilizing a vapor-phase reduction technigue over a three~day
period. Two days of testing concentrated on the three-phase
fluidization properties of the catalyst suspended in Witco
mineral oil, prior to the actual synthesis test. The catalyst
was brought on-stream with a 2/1 H,/C0 feed gas, and operating
conditions were maintained constan% for a period of about 370
hours,
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During this period, CO conversion and settled catalyst bad
height were monitored. Fines generation, as determined by
pressure drop buildup in the 0i1 filters and decrease in
settied bed height, was higher in the Tirst two days on-stream
time than during the later part of the run. Both factors were
lower than experienced previously with another catalyst (FX2/
1F15-02) tested under a previous EPRI contract (Reference 13).
A measure of the attrition resistance characteristics of the
catalyst will be obtained upon inspection and pest-mortem
analysis of the catalyst recovered from the reactor at the
conclusion of the run.

During the Lab PDU operation, a process variable scan was also
made to study the effect of temperature, space velocity, pressure

and synthesis gas composition on catalyst activity and produc-
tivity to methanol.

CSI Liquijd-Fluidized Lab PDU Description

The CSI Lab PDU reactor is 0.092 m I.D. x 2.13 m high, and the
catalyst bed height can be varied from 0.6 to 1.5 meters. The
detailed engineering design of the CSI Lab POU has been presented
slsewhere (Reference 14). The premixed synthesis gas feed is
delivered to the laboratory in a tube trailer. A gas compressor
is used to feed the gas to the reactor. In this manner, the
pressure in the tube trailer can be veduced to 2170 kPa before

a new supply is required. Two compressors are provided to

allow flexibility in feed gas rate. Product methanol and small
ameunts of vaporized oil are condensed out of the product

gas/vapor stream. Phase separation occurs at ambient temperature
with a typical residence time in the product separator of one
hour, The oil is recycled back to the process oil circulating
loop. The product gases, following analysis, are sent to an
incinerator. Sufficient instrumentation is provided for automatic
control and mopitoring from a remote control room. The system

is designed for pressure up to 7000 kPa and temperatures up to
400°C. A1) necessary gas streams are connected to a common
manifold and are constantly purged to reduce sampling time

lags. The selected gas stream may be directed to each chromato~
graph column, in turn, to analyze for components of interest,

Preliminary Analysis of Short-Term Attrition Test

After the CSI Lab PDU was pressure tested, the reactor was
loaded with fresh oxided catalyst (R71/0F12-02) and reduced
over a three-day period. The system was put on~-stream at
conditions similar to those used in the previous EPRI-funded
test made in November, 1978: 250°C reactor temperature, 7000
kPa and 3000 hr ~ VHSV (Reference 13). These conditions were
held constant for 370 hours before process variable scans
groceeded. The complete run chronology is shown in Exhibit
.2.8-2.
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At the onset of the run, CO conversion was 34 percent and then
dropped 'inearly to the 28 percent level within 100 hours.

During this time period, the settled catalyst bed height decreased
to 93 percent of its initial height. For the remaining time,

270 additional hours, the CO conversion hovered at the 28

percent level while the settled catalyst bed height decreased
to 81 percent of its initial height. These results are shown
graphically in Exhibit 7.2.8-1.

The next 70 hours of running time were utilized in performing a
process variable scan. The preliminary results of these tests
are shown in Exhibit 7.2.8-3. At the termination of these
scans (44D total hours on~-stream time), the settled bed height
had dropped to 78 percent of its initial height. Setting the
system back to the initial run conditions gave a slightly lower
CO0 conversion (27.5 percent) than the value just prior to the
start of the variable scan.

With 460 hours logged on the catalyst, a short scan was performed
using a low CO, (1.5 percent) content 2/1 H,/CO feed gas. This
synthesis gas gesu]ted in essentially the sgme CO conversion as
the 10 percent C0, gas with the exception that a small percentage
of CO had apparen%]y shifted to C0,.

The synthesis gas used for the initial conditions was put back
on-line resulting in a CO conversion of 27.5 percent. The
settled catalyst bed height at this point was 75 percent of its
initial height. After a total of 555 haurs on-stream time, the
settled catalyst bed height was 73 percent of the inital height
and €0 conversion was 27 percent. A short test using a 0.6/1
HZICO feed was then performed before the unit was shut down.

The unit will be disassembled to recover the catalyst and then
cleaned up and placed in a stand-by condition. Catalyst and

01l samples will be analyzed. The analysis of the non~hydre-
carbon liquid products is not complete at this time but indicates
a 96x1 weight percent methanol content with the remainder being

Witco 40 oil1, water and a smatl amount of higher alcohols -
ethano! through hexanols.

Task 8 - Conversion of the LaPorte LPMeOH PDU from Liquid-Fluidized to Liqu.iu-
Entrained Mode

fio Activity.

Task 9 - Shakedown for Liquid-Entrained Operation

No Activity.
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Task 10 - Liquid-Entrained Operation

Na Activity.
Task 11 - Project Evaluation

11.1 APCI Management Activities
11.1.1 Project Management -

The Prcject Status Reports, Format 5 Reports, and quarterly
Technical Progess Report No. 1 were coordinated.

An arrangement was made to provide closer liaison bhetween APCI
design engineers and CSI's laboratory personnel following
review of CSI's requisitioning material for a skidded assembly
for modification of the Laboratory PDU to permit liquid-en-
trained operation. The specification, design, and erection of
this unit remains in CSI's subconiract scope; however, APCI
will take a more active role in engineering assistance and
specification review. A rough project plan was worked out to
establish requirements for future purchase requests by CSI in
this area.

A meeting ameng APCI, CSI and DOE was held in Pittsburgh on 18
March 1982 to clarify procurement and approval procedures. A
brief presentation was made by APCI and €51 on the program

status.
11.1.2 Economic Evaluation - No Activity.
11.1.3 Travel and Living - APCI and CSI met on several occasions in

Allentown and Fairfield and once in Pittsburgh. APCI's Opera-
tions Manager from LaPorte attendasd meetings in Allentown and
Chicago. Two trips were made to Chicago by APCI and CSI personnel
to review LPM pilot plant relocation specifics.

11.2 €SI Activities

11.2.1 Data Evaluation - Information from the €SI Lab Stirved Auto-
clave and the CSI liquid~fluidized PDU runs was evaluated and
reported under the corresponding subtasks. Thorough analysis
of data from both of these units will continue into the next
reporting period.

11.2.2 Design and Economics = No Activity.
11.2.3 Process Scaleup - No Activity.
11.2.4 Reporting - Monthly Project Status Reperts, management reports

and the first quarterly Technical Progress Report were issued.
Work was completed on a paper for presentation. A meeting was

v
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11.3
11.3.1

11.4
11.4.1

11.4.2

held zt PETC on 18 March 1982 to discuss current project status
and equipnent review/purchase procedures. Work began on updating
the CSI Project Work Plan including schedule, manpower and
ﬁgé}ﬁ. This will be part of the 1 June deliverable to DOE from

APCI Design
Integration -

APCI reviewed and technically approved CSI's first Laboratory
PDU slurry pump purchase. A tachnical difference exists between
recommendations of the International Coal Refining Co. and
Lawrence Pump Co. repgarding the most appropriate seal arrange-
ment for this application. Due to the experienced position
Lawrence has with various pilot plant operations im hot, high
pressure, slurry service these recommendations are being given
thoughtful consideration.

Technical review and approval were given by APCI on CSI speci-
fications for pressure vessels and a slurry heat exchanger
required for modification of CSI's Laboratory PDU for liguic-
entrained operation.

APCI R&D Activities

Corporate Development Jepartment - Input was provided to the

Monthly Status Reports and Technical Progress Report No. 1.

Meetings were held with the CSI Fairfield laboratory staff to

igrengthen the technical liaison between the research organiza-
jons.

Process Systems Group R&D -

Preliminary Viscosity and Density Data

In support of the LaPorte LPMeOH PDU design effort, preliminary
viscosity measurements of Witco 40 oil/MC-2 catalyst slurry
were carried out using a Brookfield LVT viscometer with an

ultra low viscosity adapter attachment and spindie. The variables
included:

Temperature -  B7°F to 482°F (19 to 250°C)
STurry Concentration - 0 wt¥, 12 wt¥ and 25 wt%

Immediately before measurement for slurries, the U.L. adapter

was removed and shaken vigerously to ensure a uniform solids
suspension during the viscosity measurement. Preliminary

results indicated that 25 wt¥ sturry viscosity showed a strong
shear-rate dependence. These results are suspect from several
points of view. The data are currently being evaluated and the
full report and conclusions will be included in the next quarterly
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veport. In addition to the viscosity data, the density, the
volune % and ¥ vriume change of 12 wt¥ and 25 wtX slurry were
measured at 71-72°F (22°C).

Pyrophoric Mature of Spent Catalyst

An experimental plan was developed to assess the pyropheric
nature of oil/catalyst slurries. Three types of experiments
have been considered: .

1. Qualitative observation of oil/catalyst slurries in an
open air environment (hood).

2. Differential Thermal Analysis (DTA) of oil/catalyst slurries
(1~5 mg) to determine guantitatively the timing and the
temperature at which auto-ignition would occur.

3. Heat of combustion measurements of oil/catalyst slurries

(1 g sample) to verify the theoretical calculations for
the largest possible energy reiease.

This plan is ready for circulation within APCI for review and
comment.

Fundamental Model for LPMeOH

Progress was made in exploring fundamental modeling of the
LPMeOH reactor and reaction kinetics. A computer model written
by Professor W. D. Deckwer of Universitat Hannover {West Germany)
for Fischer-Tropsch synthesis in a slurry phase reactor was
tested. (This computer program is not generally available to
the public but was made available by Professor Deckwer under a
private agreement with APCI. It is planned to report results
from the computer model; the software programming will not be
reported without prior agreement with Professor Deckwer.) The
Deckwer model is well described in Reference 15. The computer
program was made operational and the results of computations
published in Reference 15 were duplicated. The strategy is

now being developed to model the 1PMeOH fluidized (ebullated
bed) and entrained (slurry) reactors by modifying the rate
axpressions, modifying the mass balances to allow both solids
and liquid to flow in and out the reactor, and by incorporating
appropriate hydrodynamic parameters at high liquid velocities.

Liquid Phase Reactor Patents

A preliminary patent search on 3-phase slurry reactor designs
was made ragarding possible infringements of the LaPorte LPMeOH
PDU reactor design on the prior patents. The search revealed
that the current simple reactor designs at LaPorte probably do
not infringe any prior patent because the prior 3-phase reactor
patents are largely process-oriented.

-
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Input was provided to the Monthly Status Reports and the
Technical Progress Report No. 1. Meetings were organized
and held with the CSI Fairfield laburatory staff to enhance
technical communications.

=30~
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EXHIBIT 2.3.1-5

Point-by-point Heat and Mass Balances
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PAGE 1 of 2
DATE 1729/82
EXHIBIT 2.3.1-6 REVISED
CENTRIFUGAL PUMP SPECIFICATION SHEET
PUSTOMER APCI
VENDOR By Elec, Mech, UNIT LP MeOH PDY PROJECT. NO, 87-7-1533
Slur C p
E 1. ITEM ND, 10,560 AR B
2. No, REQU'RED Two (2) - one on stream & one spare
TYPE

T
H 4, DUTY (CONTINUDUS, INTERMITTENT) Continuous

5, SERVICE

- To circulate hot o0il and hot gil-catalyst slurpy

].6. . -

, CORROSIVE COMPDUNDS

_Liquid Entrained Mode
_Hydrocarbon Flujd-Catalyst,
Sturry & Dissolved Syngas BCH40

7
8

‘ 9, 5cL1DS
10

None Meta]l axides powder:~S50M
. TEMPERATURE , OPERATING, "F 430~530 4304530
11, TEMPERATURE, MAXIMUM, °F 550 550
1 Vv R _PRESSUR 5 ° ' /Hay 5
13. SPECIFIC GRAVITY. ODPERATING (G4B0°F 0.63 il I
.14, SPECIFJC GRAVITY, 2 60°F n.A 1.15
15 vV Y G pegncE_cps 0.7 1.0 Max Slurry Conditions
16, VISCQSITY, @ 60°F CPS . 6 9
17, NorMAL FLOW - GPM 20U 200
18, Maximum Frow GPM 250 250
“19, Minimum Flow GPM 150 150
{20, Solid Concentration Wt.% 0 33 Max, (8% by vol, @ 100°F
HYDRAULIC INFORMATION 6% by vol. @ 480°F
1. 21. NPSH REGUIRED By Elec, Mech, By Elec. Mech,
z2. NPSH AvazlLAaBLE
T 23, SUCTION PRESSURE PSI 495/695/895 495/695/895
" GE P 545/745/945 545/745/945
25, HEAD REQUIRED PSI 50 = 185 ¥t. @ 4B0°F 50 = 130 ft, @ 480°F
. 26, HEAD AVAILABLE PSI
_2%7.  Avail. Condensed 011 for Seal Flush, GPMP2B0°F, Min/Max, 0.3/11 0170 7
T _28.
C2ONSTRUCTION
29, MATERIAL OF _CONSTRUCTION
_30, CoONNECTIONS (INCLUDE FIG, RATING; 3-1/2" in/3-1/20cut or by yondar
J__L._.e.g&m_s_euul&_&ﬁ_ﬁ._..ist Seal flush requirement should be minimized to Jess than 0.1 GPM
~_32, JIMPELLER TyPg if _pg;;gﬂg,_ﬂg_uae_o_tmxms_ﬂmmm_saﬂ_ﬂush-shmﬂd—

. =38, MANUFACTURERS MODE

w&_&q______cwjm_iulﬂmmm—ﬂhﬁm
“34, SMOOTHERING GLANP . provide adequate seal flush fail. Vendor should specify the
L_No. desired quality of seal flush, allowable solid loading,

36, particle size, etc,

FORM 8243 (REV.

TDRIVER
|37, 1YPE Electric Mator
39, MoTOR CLASS
G
41, PHP b REQUIRED CAPACITY
42,  MANUFACTURE & MODEL NO,
1 _ a3, *Soa attached Table 1
46,

SPECIFIED BY _T. R. Tsap 1/29/82

11/75)




RELEASED FOR PROJECT Table 1

1.

2.

7.

10.
n.
12.
13,
1,

SPECIFICATION SHEET 2 of 2

29 January 82
For Slurry Circulation Pump :0.50 ARR

EXHIBIT 2.3.1-6

PROPERTIES OF MITCO ¢40 OIL

Composition - (72% pavaffinic, 28% naphthenic)
Component ]

o X
14-C15
C16-C17 20
C1g-C19 25
€20-C2) 20
1t 15
Sulfur 1 ppm

Viscosity,

¥{nematic = 4.2 ¢St @100°F
Saybolt = 40-43 SUS @100°F

Vapor Pressure<0.002 nm Hg @100°F

Specific Gravity = 0.810 @ 80°F
Density = 0,810 g/cc @100°F

Initial Boiling Point = 471°F @ 1 atm.

Solubility ¥n Hethanol:

7.2 wt. % ofl @ @ wt, % K20 in methanol and 120°F
2.9 wt. 2011 @ O wt. : Ill

0
20 in methanol and 70°F
2.1 wt. X 0i1 8 5 wt 20 1n methanol and 120°F
{Insoluable in Water)

H.W. = 268.5 1b./1b. mole
ASTH Pour Po‘lrit = -35°F, maximum

Surface Tensfon = 32 dynes/cm. B~ BB°F
e 13 dynes/cm. @~*464°F

ASTM Cloud Point = +30°F, Maximum
Saybolt Color = ¢30

Odor or Taste-) Kone

U.V. Absorbance-d Passes FDA Requirements
USP Acid Test-» Passes

JK
29-1-82



‘ PAGE 1/2
%ﬁaﬁ}rp/ma}(mf) COMPRESSOR SPECIFICATION SHEET  DATE 20 January 1082
EXHIBIT 2.3.1-7A REVISED
gCUSTDMER APCI
VENDOR Bv Elec. Mech. UNIT LP MeOH PDU PROJECT NO, 87.7-1533
ORMATICGN Feed Compressor
R 1, ITEM NO, 01.10
" 2. ND, REQUIRED one (1)
_ 3. _ Tvee Reciprocating Compressor expected
! 4. DUTY Continuous
5,  SERVICE Compress Dry Synthesis Gas (Ho, €O, COp, No, CHa)
PrOcESS INFORMATION
6, FLUID Synthesis Gas
____.__C_g__aqg.,x_r_wN - MoLx see_page 2/2
AVERAGE MoLECULAR WEIGHT - (see page 2/2
9. CORROSIVE COMPOUNDS N _
10, RELATIVE HUMIDITY 7% (7x10~7LB Ho0/1b of Gas, D.P. = 27°F)
11, SUCTION TEMPERATURE °F, 100 Norm., 125 Max.
12, SUCTION PRESSURE -~ PSIA 150 150 150
13, DISCHARGE PRESSURE - PSIAM S550* 750%* 96(* k%
14, DISCHARGE TEMPERATURE °F,
15, NorMaL SucTinn FlLow RATE
A. A.C.F.M, sep page 2/2
B, PounpssHOur J
16, STANDARD Cupl¢c FEET/MINUTE
_17. COOLING WATER Supepy °F, 90 Nor., 105 Max., @ 43 psig¥
18. ContING WATER RETURN_°F. 120 tor., 105 Max. B 10 psig*
12, CPsCV
CONSTRUCTIDON
I 20, TvyPE OF COMPRESSOR
S..21.  MATERIAL OF CONSTRUCTION
22, SUCTION CONNECTIONS __2=-1/2" or_hv vendor
23. DISCHARGE CONNECTIONS 2-1/2" or by vendor/interstage ng]g_e_f_m_]ie_i_nlﬂ_ﬂmg
24, TYPE DF LUBRICATION 2=-1/2" with 450 psig design press
25, COMPRESSOR SPEED
26, AFTERCDOLER REQUIRED Intercooler & rervcle cooler design for 100% recycle
27. CODE STAMP FOR AFTERCDDLER Yes, ASME Sec, VIII
28, AFTERCOOLER SURFACE FT2 W&me
29, WATER REQUIRED GPM By vendor **Cooling water is a premium
30,  Utility Mipimize cooling water requirement
ACCESSORIES
31. FILTER
32. CLEARANCE POCKETS
33, UNLDADERS
34,
35,
36,
DRIVER
37, _TYPE Electric Mntor
38,  POWER CHARACTERISTICS
39,
40, +Vendor to specify che inlet condition of recycle cooler
41. Mortor CLASS #Design/Elec . Mech, should confirm that the e
42, MoTorR TYPE pressure, 950 psiq = 935 psiq is attaj able when the
43, PowErR FACTOR r e 100
44, M, G, Ser the desian pressure of the PDU.
45, *For cases operating at. 5QC psig
. SIARTER **For cases qoperating at 700 psig
46, TYPE ®*%For cases gperating at 900 psig

47. ENCILOSURE ;*Prme,c_t_s.h%ul.d,_cnn_f_lgm_temp_._m_pmssune._nfﬁ
48 . cooling water 1n writing

ForM 8240 (REV. 2/76) T. R. Tsao 1/29/82




For Lurgi-type Reactor

87-7-1533

For KT-type Reactor

LPMeOH PDU; FEED COMPRESSOR, 01.10

page-2 of 2

EXHIBIT 2.3.1-7A

For Balanced Fresh Nj

Feed, Mol % Feed, Mol % Feed, Mol % Mol %
Hz 50 ~ 63 38 ~ B 65 ~ 67
co 25 29 49 ~/ 60 30 ~33
to, 4 ~Ar10 bopaAr 0~ 3
Nz 0 ~15 0 ~1 0 99,99
CHy 0 ~15 trace trace
02 trace trace trace trace

Lightest Heavies? Lightest Heaviest Lightest Heaviest
Mol % Mol & Mol % Mol % Mol ¢ Mol &
H2 63 50 Y] 38 67 67 -
Co 28 25 49 60 33 29 -
CD2 4 10 - 2 - 3 -
Np 4 15 - - - 1 99,99
cH4 - - - - - - -
0, - - - = - - . Trace
Total 100 190 100 100 100 100 100
M. 12.3 16.6 14.7 18.5 10.6 114 28
Suction
Flow Rate Min Nor HMax Min Nor Max Min Nor Max Nor Max
1b-mol/hr 18 60 100 18 40 55 18 50 BO 20 30
A.C.F.H. 12 40 687 12 27 a7 12 3 54 13 20
1b/hr 220 870 1660 265 680 1020 190 540 890 560 840
SCFM @1 atm.
70°F ¥ il6 387 644 116 258 354 116 322 516 129 193
+386.68 SCF/1b-mol
T. R. Tsao

1729782



PAGE 1/2
aﬁyﬁfggm) COMPRESSOR SPECIFICATION SHEET  DATE 29 January 1982

EXHIBIT 2.3.1-78 REVISED

USTOMER  APCI

VENDOR By Elec. Mech. UNIT LP MeOH PDU PROJECT NO, 87-7-1533
GENERAL INFORMATION Recycle Lompressor
E 1. ITEM NoO. 51,20
2. No. REGUIRED one (1)
3. _TYpE Reciprocating Compressor Expected
'] 4, DUty Continuous
5, SERVICE Compress Recycle Bas
PROCESS INFORMATION
6., FLUID Unconverted Synthesis Gas or Nitrogen
7. COMPOSITION - MOLX see page 2/2)
B. AVERAGE MDLECULAR WEIGHT . (see page 2/2)
9, CorROSIVE COMPOUNDS H20, G027, CH30H, C2HeOH & Higher Alcohols
10, Rgg ATIVE HUMIDITY 100% Saturated w/H20 & CHaDH
11, SucCTION IEMEEEAIQBE °F, 110 Norm. . 125 Max.
12,  SUCTION PRESSURE - PSIA 4B85* 6B5** BRE®A®
_13. DIsSCHARGE PRESSYRE - PSIAX bS50 750 950
14 1 HARGE TEMPERA °F .
15, NORMAL SUCTION FLOW RATE I
. A, A.C.F.M,
B. _ Pounps/zHouR { see page 2/2
16, STANRARD Cunl¢ FEET/MINUTE
17, COOLING WATER SupPLY °F, 90 Nor,. 105 Max. @ 43 psiq #
18, COOLING WATER RETURN °F, 120 Nor., 105 Max. @ 70 psig#*
i9., QCP/sCV
CONSTRUCTION

20, TyrE oF COMPRESSOR
21. MATERIAL OF CUNSTRUFr!Jh

22,  SUCTION CONNECTIOQNS 2-1/2" or by vendor
23. DISCHARGE CDNNECTIQNS 2=-1/2" or by vendor
24, TYPE OF LUBRICATIDN

25, COMPRESSOR SPEED

26, AFTERCOOLER REQUIRED Oply required for the compressor recycle stream. Design
27, CODPE_STAMP FDR AFTERCGULER Yes, ASME Sec, VIII 100% Recycle
28, AFTERCODLER SURFACE FY2 By Process. vendor to specify inlet condition of recycle
29.  WATER REQUIRED GPM , By vendor. **Cooling water is a premium cooler
30, Utility Mipimize copling water requirement
ACCESSORIES

31, FluTER
32. CLEARANCE POCKETS
33, _UNLOADERS

34,
35.
36,
DRIVER
37, TYPE Elpctric Motor
38, POWER CHARACTERISTICS
39,
40,
LLal.  MoTOR _CLASS
42, MoToOrR TYE __ #Design/Elec. Mech. should confirm that the max.
.43, POWER FACTOR discharge pressure, 950 psia = 935 psig, is attainable
a6, M, G, SET when the relief valves of the compressor is set at
45, 1000 psig, the design pressure of the PDU.
" STARTIER *For ca;es operating at 500 psiq
46, TYPE **For cases_operating at 700 psig
47, ENCLOSURE ke FOr cases operating at 900 psig
48, FProject should con¥irm temp. and pressure o7
er in weitin
FORM 8240 (REV. 2/76) cooling wat writing. T. R. Tsao

1/2G/R2




LPMeQOH PDU; RECYCLE COMPRESSOR, 01.20 page 2 of 2
87-7-1533 EXHIBIT 2.3.1-78
For Lurgf-type Reactor For KT-type Reactor For Balanced Fresh N
Feed, Mol 2 Feed, Mol % Feed, Hol % Mo% %

Hp 45 ~ 63 25 ~r 51 40 A 50
co 22~ 29 60 ~70 20 n~” 25
ce, 10 ~~15 1 ~r3 10 ~/20
Ny 15 ~18 0~ 10 ~7/20 99,99
(:l-l4 15 ~~18 trace 1020
CHaO0H 12 1 ~r2 12
CoHg0H {0 ~~1200 ppmv) (0 ~~1200 ppmv) (0 ~~1200 ppmv)
Hp0 (200 A-1000 ppmv) (200 .~r 1000 ppmv) (200 ~~ 1000 ppmv)
02 trace trace trace trace
Hitco #40 0i1 trace trace trace trace

Lightest Heaviest Lightest Heaviest Lightest Heaviest N

Mol % Mol % Mol % Mol % Mol % Mol % Mn? %
Ho 63 45 51 25 67 40 -
co 29 22 49 70 33 20 -
€0, 4 18 - 3 - 19 -
No 4 16 - - - 19 99.99
CHq - - - - - - -
CH40H - 2 - 2 - 2 -
CoHgO0H - 1200 ppmv - 1200 ppmv - 1200 ppmv -
Ha0 - 1000 ppmv - 1000 ppav - 1000 ppmv -
02 - = = = - = trace
Total 100 100 100 100 100 100 100
M.H. 12.3 18.8 14.7 22.1 10.6 20.7 28
Suction
Flow Rate  Min Nor Max Min _Nor Max Min  Nor Max Nor Max
1b.molfhr - 50 150 300 50 100 250 B0 150 300 150 330
A.C.F.M. * * * * % * * * * * *
1b/hr 615 2333 5640 735 1B4D 5525 530 2348 6210 4200 9240
SCFME1 atm.
70°F & 322 967 1933 322 644 1611 322 967 1933 967 2127
*p.C.F.N. = ‘(Suction Flow, Lb-Mol/Hr) . (10.73) (460 + Suction T, °F)

60 {Suction Press, psia) T. R. Tsao

$386.68 SCF/1b-mol 1/29/82
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VENDOR:
(A AN Prodits)
EXHIBIT 2.3.1-8
HEAT EXCHANGER SPECIFICATION SMEET
dJob Mo, 17:7-15H33
Customar APCI /DOE L PMelH PDU Kefgranes No. )
Addrass Proposal No.
Plant Location  Larorte, [X Date 3/ Rav, T
Service af Unit_ S1urey Heat Exchanger ftem No, 21 .20
Slxe Type THorsverty  VeErtical Connetted In_ Paralle)  Serlex
Surl/Unit tGeews/EN. Bf} FLEK Sa_Ft: Shein'unt ] —__ Suri/Shell (Qesra/E#.} EJ*  5q m
PERFORMANCE OF ONE UNIT
Fiuig Aliotation Shell Side Tuba Side
Fluld Name tility 0il 011/cm3,ysr. Slurry
FiLig Quantity, Tolal Lb/Hr 6020 75390
vapat {In‘Out) 0 [i] 0 0
:qma B0220_ . . 160220 753490 75390
tepm - = - -
Water - - - -
Noncondensabie - - - -
Tempetature (In.'Oul) *F 554 . D 551.3 215.5 1K .G
i Lbh/Ft= 39 39 47 A7 -
Viscozity, Liquid cp 0.65 0.65 0.80 180
Molecular Weight, Vapor - - - -
Molecular Weight. L jauid 250 250 - -
Soecitic Heat ) Bru/Lb °F V.77 .77 0.65 0.55
Thermal Conductlivity  Btu Fi’HrSqFi°F 0.0 0.048 N
Volumé pct. solids erﬁa- f:j%,s .0 ma —
infet Prassure (4] Xl Psig _40]] 0D 459/950
[vetocity _minj mln te 3)r‘s_ 5 (10 max.]
Pressure Diop, Allow. Cale. 5 5 4
Fouling Resistance {Min) Hy fthr/'ﬁfﬂ' 0.002 __0.003
Heat Exchanged 1[2 4_L[) )_{see_note 1) BrurHe MTD (Corracted) *F
Transfer Rate, Service Claan  B8* Btu/Hr Sg Pt * F|
CONSTRUCTION OF ONE SHELL Skeich {Bundie ‘Nozzie Orientstion) |
Shali Side Tubs Slde
Destgn Test Pressure _ Pilg a0 7 1000« See sheet 4
Design Temparsivrs SF [H1] 000
No. Passes par Shall []) 1 ] mgx i
corrosion Allawante In. es1gn Dy design
Connactions | in 'X* 4i%
Sire & out i qm¥
Rating Intermediate
Tobe No. 842% 0D 3 ﬂl‘*&n.rnk wen Ave) 0, ] ﬁﬁﬂn Length 7% Fu PItch]_Sj] . @9’ & 60 {r 90 (.45
fTube Type 14_BUG es.1 an _to_v.eni_fyql* Maternl__ [, Stee -
[ shet €, __SLQg " D | Shelt Caver —_ {integ.) [Remow.)
[ channel or Bonmet _ Lon1ca1 t_ge note 4)"' Channa Cover e
| Tubesheel. summn . e Tubesheet-Flosting —— ————
| Floating Head Cover . | impingement Frotectinn
_Bafftes.Cross Tyae b! y_endop %, Cul {Diam/Arsa) Soscing: c/c Intet tn.
Baffies-Long Seal Type
Supports-Tube U-Bend Type
Bypass Seal Arrangamant Yube-Tubeshast Joint
Expansion Joint . Type
w'-Inlet Nozzie Bunale E _— Bundle Exit
Gaskats-Shell Side Tube Side
sFlsating Head -
Cade Requiremants P — FEMA Class
Weight/Shell Fllled with Water Bundle Lh
Remarks I
| SEE REMARKS PAGE_3

©1978 by the Tubular Exchangar Manufacturer Association

FORM BICA (REV. 12/80)

Specified by:

L
T'

. W. Bonnell 22 Mar 82

R. Tsao 22 Mar 82

PAGE 1 OF 2



9.1
7.1

17.1
18.1
191
20.1
221
231
25.1
261
30,1
30.2
30,3
20A

9.2
39
39.3

a6.1
40.2
403
424
40.5

44.1
a3.2

EXHIBIT 2.3.1-8

HEAT EXCHANGER SPECIFICATION SHEET
ADDITIONAL INFORMATION REQUIRED BY AR PRODUCTS & CHEMICALS, INC.

ADD]TIONAL PAOCESS DATA
": wrylce of Linit condan CDO“[ ar Heatar Rebollar VIEQI’llIII‘
Numbaer of Units Requlred_ONe ﬁ‘
Shsil Side Tube Sids
T | ouT N ouUT

| Tpeemaaemas /3 ybbie Point °F > 800°F _Saturated Liquid
| penaity, W/ Lby,/Cu, Ft,

Viscotlty, VAL Cp

Molacutar Welgnt, V/L Lbs/Mate

Spacific Hoat, V/L atusLb, °F

Tharmal Conductivity, V/L Bb: Ft./He 8o FEOF

Highest Oparating Pratsurs, pula 100 950
| veloetty, tn/Oul, EL/Soc. J. 1% b,
| Heat Transter Gostt Glapn /iy, 59, Fy OF 16D* ‘ 220%

‘frantfey Rats Fouled, Stu/He, Sg, F16°F Hominal b~

Transfer Rate Claan, Prus-r. Sq. Ft * ‘
Transfer Rate Servica, Biu/Hr. Sq. Ft. l!F Q inc Eug!es 0% Process Sa?e Ey Factor , 43;

ADDITIONAL MECHANICAL DATA

Additional & tions Vanti: Number Eiza & Rating
Oraing: Numbar Size & Roting
Rupture Blscs: Numbar Size & Reting
Eionad gr Exiandnd Surface: Tvos AmBatio BBl
| Surface or Bundie Mfr, Modal & Dascriptlan
Fin Count FPi Fin Thick in Fin Mat’l, Coating
gundls Lenpth in__ Height in__ Dapth In  Face Area Ft2
Seat Typs & Arranpsmant (ODescribs)
Lubs Shaaty
Ststionary Matarial Thicknaty In Corroslon Allowance tn
|L.P.onting__ 2Antoria Thicknass. In Cocnsion Allowancs o]
|_Gattis Thicknost in. Mothod of Fastening {Desctibe)
|_Raffls Sopger Mat? Shae Tie Bod Mat®l Sira
_Dlamagrical Clssrancats
Bundia to Shall In, Baffte to Shait ln, Tube to Bafile Holg in,
_Remirter, Perigrated Biate or Condongate Remoyal Device Tyoe & Description:
Lifling Lugs Paint
| .Gleaning Requirements
| Shigping Deaulipmants,

| Exchanger Degwing Nympsr.

| Detall Method & Rating Hant Trantfer CORINZIAn

[ Detant Mathod ot Caiculating MTR

Remarks

SEE REMARKS PAGE
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L. W. Bonnell

3/22/82

T. R. Tsao 3/22/82
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L. W, Bonnell
19 March 1982

EXHIBIT 2.3.1-8

21.20 Sturry Heat Exchanger Remarks
B7-7-1533
“1. APCI Design Case: EK-257J with 150 MBTU/hr. heat Teak. 40 percent
process duty safety factor has been applied.
2. Shell and Tube flowrate design ranges (gpm)
Min. Normal Max.

Shell (oil) 100 200 210
Tube (slurry} 200 200 260

3. Minimum tubeside velocities must be maintained between 5 and 10 ft/sec
for above flow range.

4. Due to siurry service and erosion concerns, one tube pass strengly
recommended, with vertical upflow of slurry in normalt operation.
Intet (front) head should be cone-shaped, to eliminate dead spaces
where solids can gather.

5. Data marked with an asterisk ("*") on pp. 1 & 2 are given for estimate
purposes only, and do not constrain the vendor's design.

6. See p. 4 for sketch of 21.20 and utility oil system. 21.20 will
function as both heater and cooler. Design Eng. and the vendor to
ensure that exchanger is designed to handle large shell-to-tube
temperature differences.

7. Catalyst particle size (typical): 60 microns

Page 3 of 4



Page 4 of 4
UTILITY OIL SYSTEM

Q=0 ‘ EXHIBIT 2,3.1-8
=3 15.40
CLLLAL , Slurry
& 468°F
140°F 21.20 Q = 750 MRTU/hr 8TU ,
] , . . UA (miﬂ.) = 2300 FreF
Q = 750 MBTU/hr
UA = 16,230
158°F
200 gpm
G
I 10.53 4B83°F
: 250 gpm
1. Cuse EB-X954 {design case for 21.40) 6 vol.pct. solids

950 psia

kY

Q= gg ;gfu,hrgp1us oil system heat leak

15.40
Slurry
: 518°F
cW
200 gpm
21.40
554°F
(e90°C) | . Q = 88 MBTU/hr eTU
M ge0 | 21.20 YA (min.) = 2500 prag®
552°F

)

! 516°F
i 10.53 \]~200 gpm
41 yol. pct. solids
2. “Case ‘EK-2571 ‘(design case for 21.20) ] 450 psia .. LWB

5 March 1982
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EXHIBIT 2.3.1-9A

27.10 LPMeOH REACTOR
(LIQUID-ENTRAINED OPERATING MODE)

OUTLET
CATALYST
IN
iy
*
. 2!'

22-1/2%

15-1/2%

_————

Re’

CATALY

,f

ouT DRAIN
l'\

SLURRY INLET

T
VAPOR INLET

LWB
12 MAR. 82



EXHIBIT 2.3.1-98

LaPorte LPMeOH Reactor Operating Parameters

Case EB-X954 Case FB-4930

{Max. Production, (Max. Production
Liquid-Entrained) Liquid Fluidized)

Superficial Vapor Velocity, ft/sec 0.39 0.26
Superficial Liquid Velocity, ft/sec 0.21 0.17
Space Velocity, acfh/ft3* ' 93.6 62.4
Space Velocity, scfh/ft3 3270 2300
Space Velacity, Std. liters/hr-kg cat oxide 3770 3975
Catalyst Loading, 1b 909 1387
Catalyst Particle Size, inches 0.0024 0.107
Catalyst Particle Size, microns 60 2718

*ft3 refers to reactor free volume.

LB
16 April 1982



EXHIBIT 2.3.2-1

Engineering Specification Activity for Process Equipment/LaPorte LPMeOH PDU

Equipment Process Mechanical Quotations Existing
Item Specification Specification _Received Equipnent

01.10/071.20 Feed/Recycle 4 (Note 1)
Compressor X

01.13 Feed Surge Tank X

01.14 Feed Compressor Recycle
Cooler .

01.24 Recycle Compressor Recycle
Cooler

02.50 Sulfur Trim Bed

02.51 Sulfur Trim Bed Afterfilter

02.81 Catalyst Reduction Vassel

02.83 Reduction Gas Heater

02.91 ABB Water Pumps

02.92 Water Feed Tank

10.50 A8B Sturry Circulation Pumps

10.52 ARB Condensed @il Pumps

10.53 AEZB Hot 011 Pumps

10.54 Process 0il1 Make-up Pump

15.40 0i1 Heater

21.10 Feed/Product Exchanger

21.20 Slurry Heat Exchanger

21.30 Product Bas Cooler

21.40 011 Cooier

21.53 Hop Seal Flush Cooler

22.10 Three-phase Separator

22.11 Methanol Degasser

22.12 Demister

2Z2.50 A&B Side Stream Filters

22.51 ABB Condensed 011 Filters

27.10 Reactor

27.13 Primary V/L Separator

27.14 Intermediate V/L Separator

28.10 Product Storage Tank

28.20 Process 0il Storage Tank

28.30 Slurry Preparation Tank (Not

28.40 Maintenance Dump Tank

28.53 011 Expansion Tank

o]
D, Dt W b3 SC DT

>

D D Dt D <

>c

{Note 2}

)
=
=]
(=g

()
—
o b D D 2 QD

4)

R R S
B¢ BEBE B BC

X

Total Items = 33 Total = 30 Total = 16 Total =2 Total = 15

NGTES: (1) Two process specifications issued, counted here as one for multiservice

machine,

(2) Existing vessel D-101 considered marginally acceptable for use on
LaPorte LPMeOH PDU. Evaluation of modification costs versus new
equipment fabrication must be made,

(3) Process specification covering LaPorte LPMeOH reactor based on
existing LPM vessel R-101, delayed pending determination of internals.

(4) Slurry Preparation Tank required for liquid-entrained modifications
only. Process specifications scheduled for 25 June 1982,
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@ £-100 2
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e Q. : ® Tank Preo,
b 1082 - Tank
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Tank @— | e
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CHEM SYSTEMS INC.

EXHIBIT 7.2.8-2

CSI LIQUID-FLUIDIZED PDU RUN CHRONOLDGY Page 1 of 2
WITH CATALYST R71/0F12-02

Cumulative
Raaction
T1ime
Date Time (Hours) Milestone
2/16/82 09GO 0 4.4 Kg oxided catalyst (R71/0F12-02) loaded into reactor,
1600 0 2% Ha/N2 reduction gas in; catalyst heating to 1809C.

2/17/82 == 0 Reduction continuing

2/18/82 0 Two A1203-filled guard chambers put on-line.

2/19/82 0300 0 First sight of H2 break through; a total of 45.0 gmol
Hz has passed over catalyst at this point.

0430 0 Begin heating catalyst @ 100C per hour to 240°C.

1100 0 Catalyst at 2400C.

1200 0 Cataiyst cooling to 200¢C.

1300 0 Di1 circulating on reactor by-pass; heating to 2000C;
pressurizing system to 3500 kPa with nitrogen.

1630 0 Reactor filled w/Witco 40 oil.

1830 0 011 flow started through reactor; filters placed in-service.

2/20/82 0600 0 0i1 through reactor @ 15 liters/min.

1000 0 Fluidization tests at various oil flow rates at 7000 kPa
and 2500C,

1630 0 Gas flow started through reactor.

1745 0 Fluidization tests @ 15 liters/min oil and various gas flows
started at 7000 kPa and 2509C,

2100 0 Gas fluidization tests complete and establishment
of run conditions.

2/21/82 0800 n At steady-state conditions of 3000 VHSY, 7000 kPa, 2500C;
draining 2L methanol product each hour; fluidized bed height
taken every 4 hrs, and settled bed height taken every 24 hrs.

2/22/82 1800 45 Change filter.

2/23/82 1400 65 Change filter.

2/26/82 0230 125 Change filter.

2/28/82 0230 173 Change filter.

3/2/82 1400 233 Change filter.

3/5/82 0100 292 Cnange filter.

3/8/82 0500 368 Change filter.



CHEM SYSTEMS INC

EXHIBIT 7,2.8-2 (Continued)
CSI _LIQUID-FLUIDIZED PDU RUN CHRONOLOGY Page 2 of 2
WITH CATALYST R71/0F 12-02

Cumulative
Reaction
Time
Date T ime (Hours) Milestone
3/8/82 1315 376 Switch of1 pumps due to excessive leaking.
1330 376 Begin process varjables scan.
1400 377 7000 kPa, 2500C, 2000 VHSV, 2/1 Hp/CO feed gas.
1900 3a2 7000 kPa, 2309C, 2000 VHSV, 2/1 H2/CO feed gas.
3/9/82 0100 338 7000 kPa, 2700C, 2000 VHSV, 2/1 H2/C0 feed gas.
0700 384 7000 kPa, 2700C, 4000 VHSV, 2/1 Hp/CO feed gas.
1300 399 Change filter.
1400 400 7000 kPa, 2500C, 4000 VHSV, 2/1 Ha/CO feed gas.
1800 404 7000 kPa, 2300C, 4000 VHSV, 2/1 Hz/CO feed gas.
3/10/82 0100 a1 3500 kPa, 2300C, 4000 VHSV, 2/1 Hz/C0O feed gas.
0600 416 3500 kPa, 2500C, 4000 VHSVY, 2/ Ha/C0 feed gas.
1100 421 3500 kPa, 2700C, 4000 VHSV, 2/1 Ha/70 feed gas.
1700 427 3500 kPa, 2700C, 2000 VHSY, 2/1 Hp/CO feed gas.
2200 432 3500 kPa, 2300C, 2000 VHSV, 2/1 H2/C0 feed gas.
3/11/82 0600 440 3500 kPa, 2500C, 1000 VHSV, 2/1 H2/CO feed gas.
1400 448 Change filter.
1500 449 3500 kPa, 2500C, 3000 VHSY, 2/1 HEICG feed aas.
2000 454 Back to original conditions of 7000 kPa, 2500C,
300C VHSV. 2/1 Hp/CO feed gas.
3/12/82 1130 465 ggg;t lov C0z-content 2/1 Hp/CD feed gas @ 7000 kPa, 2500C,
VHSV.
1800 476 7000 kFa, 2700C, 3000 VHSY, low CO2 2/1 H2/CO feed gas.
3/13/82 0200 484 7000 kPa, 2700C, 4000 VHSV, low €02 2/1 H2/CO feed gas.
0800 490 Change filter.
1200 494 7000 kPa, 2500C, 4000 VHSV, low €02 2/1 H2/CO feed gas.
1800 500 Back to original with 2/1 Hy/C0 feed gas at 7000 kPa, 250°C,
3000 VHSV.
3/14/82 0500 51 Change filter,
3/15/82 1000 540 2/1 Hp/CO feed off, K/T gas on-lina,
1100 541 Start K/T run; 7000 kPa, 2500C, 3000 VHSV.
1700 547 End K/T run.
1800 548 Shutdown; feed gas switched to N3; all heats off; circulating

through o1l coaler on reactor bypass; depressurize system
and seal flush over 2 hr period; pump off when o1 at 2000F;
cooling water left on overnight.

overnight,



HZICO
Feed
Gas

2N
21
an
2N
2N
2/1
e/
2n
2N
2N
2N
2n
2/1

CS1 LIQUID-FLUIDIZED

P, kPa Temp., ¢
7000 250
7000 230
7000 2720
7000 270
7000 250
7000 230
3500 230
3500 250
3500 270
3500 270
3500 230
3500 250
3500 250

VHSY*
L/Hr+Kg

2000
2000
2000
4000
4000
4000
4000
4000
4000
2000
2000
1000
3000

PDU VARIABLE SCANS: PRELIMINARY RESULTS

CHEM SYSTEMS INC.

Conversion, %

co

33.1
31.1
29.8
23.8
24.1
20.3

9.4
10.2

8.7
12.8
17.3
17.4
11.9

Ho

34.6
33.6
30.0
24.2
24.6
21.4
10.3
10.5

9.7
13.2
21.5
18.2
13.2

€0,

3.3
6.1
1.5
4.5
5.3

6.8
1.9
1.7
2.3
2.3
5.2
0.7
3.0

*Based on weight of oxided catalyst (R71/0F12-02) charged at start of run



