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ABSTRACT

Liquid-entrained operations at the LaPorte LPMEOH Process Development Unit
(PDU) continued from January 1989 through March 1989 under Task 2.2 of
Contract No. DE-AC22-87PC90005 for the U. S. Department of Energy. The
primary focus of this PDU operating program was to prepare for a confident
move to the next scale of operation with a simplified and optimized process.
The primary operating objectives of this activity were to develop a broad
operating experience base at a variety of potential commercial applications
and to test an in-situ catalyst activation procedure using readily available
syngas in place of hydrogen. Secondary objectives were to further test the
Timits of the LPMEOH slurry reactor operating range to assist in the future
evaluation of optimum process configurations and examine the potential of
water injection as a means to enhance reactor performance.

The Process Variable Run E-8 began in January 1989 as a continuation of the
127-day Catalyst Activity Maintenance Run E-7, and continued until the end of
February 1989 using the alternate commercial catalyst (F21/0E75-43).
Twenty-eight different process conditions examined the effects of feed gas
composition, pressure, temperature, space velocity, superficial inlet gas
velocity, slurry concentration and slurry liquid level. In addition, there
were five repeats of baseline operating conditions as a check on catalyst
activity maintenance during this 50-day run. One of the more notable
accomplishments was flawless pperations at a 50 wt% catalyst slurry
concentration.

In March 1989, Run E-9 demonstrated the ability to activate “' e catalyst
in-sttu using a dilute syngas in place of dilute hydrogen. ae successful
activation was followed by a small series of process variable studies designed
to evaluate the effectiveness of the activation procedure and further expand
the operating experience base of the LPMEOH slurry reactor. The most notable
atcomplishments in this 14-~day run included a record methanol production rate
of 12.8 TPD and operating at a precedent-setting inlet superficlal gas
velocity of 0.72 ft/sec.

A mixing study on tho slurry reactor was done in February and March, 1989
using radioactive gas and liquid tracers. The results of that work have been
previously published as a DOE Topical Report entitied “"Task 2.3: Tracer
Studies in the LaPorte LPMEQOH PDU" and is not reported here.
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I. EXECUTIVE SUMMARY

The effort to prove the technical feasibility of the LPMEOH process at the
Process Development Unit (PDU) scale has been conducted since 1981 by Ailr
Products and Chemicals, Inc. and the U.S. Department of Energy (DOE), as part
of DOE's indirect coal l1iquefaction program. Chem Systems Inc. (CSI) has been
the key subcontractor in the program developing process economics. Alr
Products has been Joined by the Electric Power Research Institute (EPRI) as a
private cost sharing participant. This work has been funded under DOE
contracts DE-AC22-81PC30019, DE-AC22-85PC80007 and the current contract
DE-AC22-87PC90005. Additional details of the develcpment results are
availabie in the previous contract reports.

The primary focus of this PDU operating program was to prepare for a confident
move to the next scale of operation with a simplified and optimized process.
The main purpose of these runs was to define the 1imits of performance of the
slurry system, in an effort to provide data for commercialization activities,
and to demonstrate a simpiified procedure to activate the catalyst with dilute
syngas and without the use of the slurry circulation pump. These aggressive
conditions and process simplifications have the potential to significantly
Impact commercial capita) and operating costs and are important for improving
process economics.

A. Process Variable Scan Run E-8

The Process Vartable Run E-8 was conducted from 10 January through 28 February
1989 as a continuation of the 127-day Catalyst Activity Maintenance Run E-7.
The run objective was to define the l1imits of performance of the slurry
system, in an effort to provide data for commercialization activities.
Twenty-eight different process conditions examined the effects of feed gas
composition, pressure , temperature, space velocity, superficial iniet gas
velocity, slurry concentration, and slurry liquid level. The cases maximizing
gas linear velocity and catalyst concentration were particularly important to
improved process economics. In addition, there were five repeats of baseline
operating conditions as a check on catalyst activity maintenance.

The LP-III operating plan for Run E-8 called for a PDU shutdown following the
Catalyst Activity Maintenance Run E-7. The stability of the catalyst activity
and the success of the addition/withdrawal procedure, however, resulted in a
highly active catalyst slurry at the end of Run E-7 with a methanol production
rate of 9.5 TPD. This excellent residual level of catalyst activity allowed
Run E-8 to begin immediately after the completion of Run E-7, without
performing the scheduled two-week turnaround.

Run E-8 consisted of a series of 34 different process conditions or cases, of
which the major.ty had been previously tested in the laboratory autoclaves, to
determine the impact on methanol productivity and cataiyst deactivation. The
purpose of the PDU operations was to confirm that data and to expand the
information base to include the impact on hydrodynamics, mass transfer and gas
holdup. Several operating parameters, including inlet superficial gas
velocity, slurry catalyst weight percent, and slurry liquid Tevel, can only be
tested reliably in the PDU.
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The PDU performed well at all of the tested conditions and all of the cases
proposed in the process variable scan matrix for Run E-8 were completed with
the exception of case [-8.10. This case was postponed to Run E-9 since the
maximum achievable inlet superficlal gas velocity for E-8.10 was not
substantially greater than previous runs (0.56 ft/sec) with the 01.20 Recycle
Compressor running at its maximum throughput.

Run E-8 concluded over six months of continuous operation at the LaPorte
LPMEOH PDU covering three different runs: Run E-6--the alternate catalyst run,
Run E-7--the catalyst activity maintenance run, and Run E-8--the process
variable scan run. At the conclusion of Run E-8, the reactor, oll separation
section, and slurry pump were opened and inspected. The PODU equipment and
vessels were in good condition. Catalyst buildup was minimal on most surfaces
and heat exchanger fouling was very limited.

The PDU accumulated 1194 hours of methanol synthesis operation while producing
382 tons of methanol at an average purity of 97.1 wtd during the in-situ
catalyst activation run E-8. The results from this run provide a broad
operating experience background that serves as a basis for future commercial
demonstrations and the trends observed in several of the runs defined the
performance constraints of the LPMEOH process.

B. n- W yn -

The final 10-day run of the LP-III program began on 14 March 1989 with a fresh
batch of the alternate catalyst. The main objective of this run was to
demonstrate a simplified procedure to activate the catalyst with dilute syngas
in place of dilute hydrogen and without the use of the slurry circulation
pump. These process simpiifications have the potential to significantly
impact commercial capital and operating costs. The activation was followed by
a small series of process variable studies designed to evaluate the
effectiveness of the activation procedure and further expand the operating
experience base of the LPMECH slurry reactor.

The new catalyst activation procedure went smoothly and was completed on
schedule. Run ER-6 was clearly the simplest and most uneventful of any PDU
catalyst activation and resulted in fully activated catalyst slurry.

The transition from reduction gas (ER-6) to synthesis gas (E-9), however, was
troublesome but manageable. The initial low reactor feed flow rates resulted
in nonuniform temperature and gas holdup profiles within the reactor, and the
1iquid/vapor interface at the top of the siurry level was indiscernible with
the nuclear density gauge. The initial behavior of the slurry on synthesis
gas can best be described as a froth with substantial slurry carryover from
the reactor. However, methanol samples remained clzar. This operating
condition was corrected by reducing the reactor feed flowrate which resulted
in the formation of a distinct vapor/iiquid interface while maintaining
uniform temperature and gas holdup profiles within the reactor. Normal
operating conditions were obtained within 48 hours of the beginning of the
run. The remainder of the operations were uneventful and executed according
to plan.
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Run E-9 consisted of a series of eight different process conditions or cases.
The majority of the cases were chosen to evaluate the effectiveness of the
activation procedure, but four cases were included to further expand the
operating experience base of the LPMEOH slurry reactor. Two cases examined
the effect of water injection on reactor performance and a final case tested
the maximum attainable superficial inlet gas velocity to the slurry reactor.
The PDU accumulated 330 hours of methanol synthesis operation while producing
122 tons of methanol at an average purity of 96.5 wt% during the in-situ
catalyst activation run E-9,

In addition to the activities described above, Runs E-8 and E-9 included three
periods of reactor mixing studies using radiocactive gas and liquid tracers.
The detalls and results of that work have been previously published as a DOE
Topical Report entitied "Task 2.3: Tracer Studies in the LaPorte LPMEOH PDU"
and are not discussed in this report.

C. OQverall LP- Progr

The PDU performed very well over the wide range of process conditions for the
64 operating days of Runs E-8 and E-9. Horthy of special note are successful
operations at slurry concentrations of 50 wt% oxide, operation at inlet
superficial gas velocities of 0.72 ft/sec and a sustained production rate of
12.8 TPD. Five-hundred and four tons of methanol were produced with an
average product purity of 97.0 wt% methanol and 98.0 wt% total alcohols.

Total lost time was 21 out of 1546 hours for an overall 98.6% on-stream factor.

Run E-9 was the completion of POU operations under the DOE LP-III contract
(DE-AC22-87PC90005). Overall, this was a tremendously successful series of
runs producing over 1/2 million gallons of methanol (1677 tons) during

212 operating days. The average production rate of 8 TPD exceeded the PDU
design nameplate capacity of 5 TPD by 60%. As a result of these tests, the
LPMEOH technology is ready to be economically demonstrated at a commercial
scale.
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IT. INTRODUCTION AND BACKGROUND

The LPMEOH process was concelved and patented by Chem Systems Inc. in 1975,
Initial research and studies on the process focused on two distinct modes of
operation. The first was a liquid fluidized mode with relatively large
catalyst peliets suspended in a fiuidizing 1iquid, and the second was an
entrained (slurry) mode with fine catalyst particies siurried in an inert
liquid. The development of both operating modes progressed in parallel from
bench scale reactors, through an intermediate scale lab PDU, and then to the
LaPorte PDU in 1984. The slurry mode of operation was ultimately chosen as
the operating mode of choice due to its superior performance.

Development efforts on the slurry reactor have continued through 1989 both at
the LaPorte PDU and in the latoratory. The work done during this period has
focused on optimizing all aspects of the LPMEOH process. The key milestones

in the development and scale-up of the current LPMEOH process are 1isted below:

- Date Qevelopment Scale and Key Results
1975 LPMEOH concept patented by Chem Systems
1979 - 1981 2 Liter bench scale stirred autoclave

Concept Verification
Catalyst/0Oi1 Screening Initiated
Catalyst Activation Methods Demonstrated

1981 -~ 1989 300 cc/1 Liter laboratory scale stirred autoclave
Method to Activate Conc. Slurries Developed
Catalyst Poisons Studied
Feed Gas Composition Effects Determined

1983 4.5 in. ID x 7 ft. tall Lab. PDU (up to 0.14 TPD MeOH)
Reactor Productivity Defined
Hydrodynamic Behavior Identified
Reactor Modeiing Begun

1984 - 1985 2 ft. ID x 18 ft. tall LaPorte PDU (up to 8 TPD MeOH)
Reactor Performance Demonstrated
Catalyst Life Demonstrated
Materials of Construction Defined
Operating Experience Base

1988 - 1989 2 ft. ID x 20 ft. tall LaPorte PDU (up to 13 TPD MeOH)
, Isolated Reactor Design Proven
Catalyst Addition/Withdrawal Demonstrated
Load Following Demonstrated
Improved Reactor Productivity
Improved Catalyst Life
Improved 011 Recovery

0710c -4-




A. Process Development Scale Experience

The primary function of the LaPorte PDU is to acquire data using a small,
representative engineering scale for testing the feasibility of the LPMEOH
process. Thus, the PDU was designed to generate and collect plant data over a
wide range of operating conditions. The range of operating variables chosen

for the ortginal design is shown in Table II.1. 1In fact the PDU has operated

:t flow, space velocity, and catalyst loading conditions well in excess of
esign.

TABLE II.1
RANGE OF OPERATING VARIABLES FOR LAPORTE PDU

Reactor Pressure, psig 500 750 900
Reactor Temperature, °C 220 250 270
°F 428 482 518

Liquid-Fiuidized Space

Velocity, liter/hr-kg cat 1,000 2,500 4,000
Ligquid-Entrained Space

Velocity, liter/hr-kg cat 2,000 6,000 10,000
Liquid-Fluidized Catalyst Loading,

Settled Bed Height, ft 5 7 7
Liquid-Entrained Catalyst

Loading, wt% 10 20 33

NOTE : Space velocity based on standard liters

(0°C, 14.7 psia), kg of oxide catalyst,
and zero gas holdup in reactor.

The principal reactor feed gas compositions considered during design were:

° CO-Rich Type, in which the hydrogen and carbon oxide concentrations
are not stoichiometrically balanced, but are representative of
synthesis gas directly from a modern Texaco coal gasifier. This gas
is typical of that for once-through methanol synthesis 1. CGCC
plant configured to make electric power and coproduct methanol.

® Balanced Type, representative of CO-Rich gas which has undergone
shift and 07 rejection so that the hydrogen and carbon oxide
concentrations are approximately stoichiometrically balanced (2:1)
in order to achieve an "all-methanol" product.

. Ho-Rich Type, in which tne hydrogen and carbon oxide
concentrations are not stoichiometrically balanced, but are
representative of synthesis gas from a steam methane reformer.
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The compositions of the various gas streams are given in Table II.2.

The different reactor feed gas compositions are blended from Hp, CO, Ny,

and CHq supplied by Air Products' adjacent syngas facility at LaPorte.

Carbon dioxide is trucked into the plant as a liquid and stored on-site.

Since only a portion of the reactor feed is converted per pass, the
unconverted synthesis gas is recycled and mixed with fresh makeup gas. The
makeup gas is blended so that the reactor feed (makeup plus recycle) simulates
either the balanced or CO-rich gas type in once-through operation. Recycling
the unconverted synthesis gas reduces gas consumption by 70% for
cost-effective operation at LaPorte. A

TABLE II.2
GAS TYPES TESTED AT THE LAPORTE PDU

CO-Rich Balanced Ha-Rich

Component (mol%) —Gas —Gas —Gas

Hydrogen 35.0 55.0 7.0

Carbon Monoxide 51.0 19.0 18.0

Carbon Dioxide 13.0 5.0 7.0

Methane 0.1 0.1 0.1

Nitrogen/Inerts 0.9 20.9 3.9
Ha/CO Ratio 0.69 2.89 3.94
Hp - €O 0.34 2.08 2.56
(C0O + Coy

B. LPMEOH I and II Operations

A total of five major synthesis runs were conducted at the LaPorte PDU from
March 1984 through July 1985. A summary of these campaigns is presented in
Table II.3.
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Run
£ Date

F-1 Mar 84

E-1 Apr/May 84

E-2 Jun 84

E-3 May/Jun 85

E-4 Jul 85

The first PDU run (F-1) was a 10-day shakedown run.

TABLE II.3

LAPQRTE PDU QPERATIONS SUMMARY
‘ Operation Catalyst
Objective  _ Mode —Type
Shakedown Hybrid Extrudates

Fluidized/Slurry

Activity Hybrid Extrudates
Maintenance Fluidized/Slurry
High Slurry Slurry Powder
Conc., High
Throughput
Activity Slurry Powder
Maintenance
High Slurry Slurry Powder
Conc., High
Throughput

Hours On

-Syngas
248

964

145

948

23
2536

The PDU operated

smoothly, and the mechanical integrity and process flexibility of the unit

were demonstrated.

Up to 8 TPD of methanol were produced.
(E-1) was a 40-day continuous run on CO-
Stable operation was achieved, but a slo
activity was observed,
Taboratory autoclave experiments.

The second PDU run
rich synthesis gas (Hy/C0=0.7).

w, continuous decline in catalyst

in excess of that anticipated from isothermal

The accumulation of trace polsons seen on

the catalyst was the major cause of this loss of activity (1.1% per day). A
third POU run (E-2) was condurted for 6 days using a commercially available

catalyst powder at very high slurry concentration (up to 45 wti).

activation was performed.
valuable experience for the operations and engineering staff in handling

high-viscosity catalyst slurries.
the values predicted from laboratory autoclave results.
laboratory program funded by EPRI determined that inadequ

In-sttu

The plant operated well mechanically, providing

Methanol productivity, however, was below
A supporting
ate catalyst

activation at LaPorte was the reason for the off-performance at the high
solids loading in Run E-2.
fdentified to remedy this problem.

Changes in the activation procedure were

Analysis of the results of the 1984 operating program indicated that selective
upgrading of materials of construction of the PDU would lead to lower levels

of trace contaminants.
gathering capability were also specified.
made to the LaPorte PDU in early 1985.

Process improvements which would increase the data
As a result, modifications were
New equipment was installed to improve

the measurement of slurry concentration and methanol product flow. Also,
selected vessels and piping were replaced or modified in order to reduce the
levels of trace catalyst poisons, primarily iron and nickel carbonyls formed

by the reaction of CO with the carbon steel pipe walls.
program was also undertaken to remove residual contaminants.

0710c
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Upon completion of these activities, a second 40-day activity maintenance test
(Run E-3) using CO-rich gas and 25 wt% catalyst slurry was conducted in
May-June 1985. The reactor conditions matched the earlier extended operating
campaign at the PDU (Run E-1). In Run E-3, however, the revised in-situ
catalyst activation procedure was successfully applied and, combined with the
new metallurgy, the reactor performance matched laboratory predictions for
catalyst 1ife and activity. High onstream rellability for the PDU was
achieved.

A second operation of the LaPorte PDU at elevated slurry concentrations (again
up to 45 wt%) was subsequently performed. A successful catalyst activation
was achieved. High operability was again maintained during this 10-day test;
the reactor performance exceeded the previous run at these conditions (Run
E-2) but catalyst productivity was still less than laboratory predictions.

The deficlency in productivity was attributed to a mass transfer limitation
and/or {inadequate gas/slurry mixing or distribution at these elevated slurry
solid loadings.

C. LPMEOH III Operations

Additional major synthesis runs under the LP-III contract were conducted from
June 1988 through early January 1989.

TABLE 1I-4
TE P P
Run Operation Catalyst Hours On
_#_  Date Objective —Mode —lvpe -Syngas
GH-03 Jun 88 Evaluation Two Phase Gas None -

of Reactor Holdup Studies
Hydrodynamics with Ny and

Syngas
E-5 Jun/Jul 88 Process Step by Step Powder 259
Equipment Elimination
Evaluation of Slurry Loop
E-6  Aug 88 Alternate Slurry Loop for  Powder 161
Catalyst Reduction;
Evaluation Internal Only
for Syngas
-7 Sep/Jan 89 Catalyst Internal Powder 3139
Activity
Maintenance 3559
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The Two-Phase Gas Holdup tests (GH-03) studied the reactor hydrodynamics,
measured carbonyl catalyst poison levels, and trained operating personi<l on
the new design. The new sparger provided constant holdup with external slurry
circulation and improved holdup without external circulation. Gas holdup
profiles were uniform nver the height of the reactor. Initial levels of
carbonyls wers below 70 ppb, but dropped to 19 ppb of Fe(CO)g and 4 ppb of
N1(CO)4 after 20 hours on stream.

The objective of Run E-5 was to systematicaily evaluate each new piece of
equipment (sparger, internal heat exchanger, V/L disengagement zone, demister,
and cyclone) which had been added to the process, and to attempt to run the
reactor in an internal only mode without the slurry pump. The new gas sparger
improved both methanol productivity and gas holdup. The internal heat
exchangev was not found to be a hindrance to reactor mixing. Trials without
external siurry circulation proved that the new reactor design reduced mixing
and mass transfer limitations, and that the completely internal design
represented the state of the art technology for this process. Hence, the
maintenance intensive slurry pump as well as the external slurry exchanger
could be elimipated. In addition, a successful catalyst reduction with a
concentrated (45 wt% oxide) slurry was accomplished.

Run k~6 was started in late August to evaluate an alternate commercial
catalyst as a possible substitute for the previously used baseiine catalyst.
Run E-6 consisted of a series of process variable scans to determine the
behavior of the catalyst «lurry under various operating conditions. The
inttial condition of 5,600 SL/hr-kg space velocity at a catalyst loading of

39 wtd achieved only 79% of the predicted autoclave performance. The catalyst
productivity tmproved, however, both with time and with dilution of the
cataiyst concentration in the slurry. During the seven days of Run E-6, the
catalyst concentration was lowered from 39 to 36 wt% and the catalyst
producttvity increased from 79 to 100% of autoclave performance. A comparison
of the baseline and alternate catalysts at equal feed rates and reactor
volumes showed that the alternate catalyst produces 9% more methanol at 35 wt%
than the previous catalyst at 40 wt%.

The alternate catalyst run was continued as the Activity Maintenance Run E-7
for a 120-day catalyst 1ife study at nominal conditions of 10,000 si/kg-hr,
482°F, 750 psig and 35 wt% oxide catalyst. The POU produced a record

10.1 tons per day of methanol during the first 2 weeks of Run E-7. After
120 days of operation, the methanol production rate was still in excess of

8 TPD, indicating a baseline (poison-free) deactivation rate of no more than
0.2%/day. This was half the rate of that in Run E-3 in 1985. Although the
Activity Maintenance Run was only four months in duration, the high
productivity resulted in a cumylative methanol production of over 2500 1b of
methanol per 1b of catalyst. This corresponds to approximately 30-40% of the
typtcal gas phase catalyst life on a catalyst consumption basis.

At the end of Run E-7 a series of tests were carried out to define the
response of the LPMEOK unit to fast and major changes in the feed rate. These
tests parallel what would be expected in load-following of commercial
gasification systems. Cuts of B80% in the feed flow were accommodated easily
and resulted in process fluctuations lasting only a few minutes. In every
case the temperature response of the reactor was very good, the maximum
difference being 5°F.

0710¢ ~-9-
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Following these tests, the potential for catalyst addition and withdrawal was
investigated. Approximately half of the aged catalyst siurry was removed from
the reactor and replaced by fresh catalyst which had been held in the slurry
preparation vessel, where 1t had been activated 120 days previously as part of
the original batch (for Run E-6). The new production level was within 5% of
that predicted, assuming the added catalyst had the same activity as that used
infttally in Run E-6. This significant result answered two key questions.
One, ‘1¢ !s possible to store activated catalyst for long periods of time and
two, catalyst addition/withdrawal seems a viable means of maintaining catalyst
"activity" (production rate).

Overall, Run E-7 was tremendously successful. Over 1,000 tons of methanol
were produced and the unit responded superbly to the ups and downs of .:.ormal
operation. Total lost time was 137 out of 3,100 hours, of which 130 hours
were the result of electrical or gas supply outages unrelated toc the LPMEOH
PDU. The high level of residual catalyst activity resulting from the low rate
of catalyst deactivation and the success of the addition/withdrawal precedure
allowed Run E-7 to be continued as Run E-8, eliminating the requirement for
the activation of a fresh batch of catalyst slurry.

LaPorte PDU operations successfully demonstrated LPMEOH process technology at
a representative engineering scale. The more notable achievements include:

o Over 6,000 hours of methanol synthesis operation with an on-stream
factor of 96-100%.

° Low catalyst deactivation while operating with a 35 wt% catalyst
slurry for an extended period of time on CO-rich synthesis gas.

° The ability to activate methanol synthests catalyst powders in an
inert 1iquid at high concentrations.

s Methanol production levels above 10 TPD with a purity of the
methano! nrroduct from CO-rich gas consistently higher than 97 wt%.

° Optimization of the process by eliminating the external slurry loop
while simultanaously increasing productivity.

0710c -10-
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ITI. LAPORTE LPMEQH PDU

A. Process Description

A simplified flowsheet for the process configuration used at the LaPorte PDU
for Runs E-B and E-9 1s shown in Figure III.1. The makeup synthesis gas is
compressed to the reactor pressure (500-900 psig) by the feed compressor. The
compressed makeup and recycle gases are mixed and preheated in the
feed/product exchanger before being fed into the methanol reactor. The
-Aseous reactor feed mixes with the inert hydrocarbon 1iquid/catalyst slurry
forming a three phase bubble column reaction zone. The slurry phase
disengages from the unconverted synthesis gas and methanol product vapor in
the upper freebcard region of the reactor. The heat of reaction from the
exothermic methanol reaction is effectively absorbed by the presence of the
oil phase resulting in an essentially isothermal reaction. The slurry is
heated or cooled by an internal slurry heat exchanger to maintain the constant
reactor temperature. A utility otl system provides the heating or cooling
duty to the slurry exchanger.

The unconverted synthesis gas/product methanol stream leaving the reactor
freeboard flows through an external axial cyclone to insure removal of any
entrained slurry droplets from the exiting vapor stream. This gas stream is
cooled against incoming feed gas and the condensed oll is separated in the
secondary V/L separator. The uncondensed vapor is further cooled in the
product cooler. Condensed methanol is then separated from the synthesis gas,
degassed and piped to product storage. The bulk of the unconverted synthesis
gas is compressed and returned to the front end of the PDU. A small purge
stream is sent to flare to control the buildup of inert gases in the

process. Additional systems are present to activate the catalyst and provide
continuous oil flushing to the axial cyclone.

A schematic of the LaPorte reactor system is given in Figure I11.2. The feed
gas enters the reactor thrcizh a gas sparger providing the driving force for
mixing and suspension of the catalyst particies. The system 1s equipped with
an external cyclone for slurry carryover disengagement whichk 1s continually
flushed with condensed process oil to prevent fouling. The flush oil and any
carry-over slurry is returned to the reactor through a small positive
displacement pump. The actual configuration of the 27.10 reactor 1s shown in
Figure III.3.

The internal heat exchanger consists of ten parallel 1-inch-diameter tubes
manifolded at each end by a 16-inch-diameter heater ring. The heat exchanger
occuptes only 3.5% of the reactor cross-sectional area and does not
significantly impact the reactor hydrodynamics.

An external nuclear density gauge is used to monitor the catalyst slurry
height in the reactor. The gauge is mounted in a mechanical framework which
allows it to traverse the reactor vertically. During the slurry operation,
the gauge 1s used to directly measure three-phase density and subsequently
determine hydrodynamic information about the reactor.
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IV. P IN E-
A. Introduction

The Process Variable Run E-8 began in January 1989 as a continuation of the
127-day Catalyst Activity Maintenance Run E-7, and continued until the end of
February 1989 using the alternate commercial catalyst (F21/0E75-43). The run
objective was to define the 1imits of performance of the slurry system, in an
effort to provide data for commercialization activities. Twenty-eight
different process conditions examined the effects of feed gas composition,
pressure, temperature, space velocity, superficial inlet gas velocity, slurry
concentration, and slurry liquid level. The cases maximizing gas linear
velocity and catalyst concentration were particularly important to improved
process economics. In addition, there were five repeats of baseline operating
conditions as a check on catalyst activity maintenance.

B. Methanol Synthesis Operation

The LP-III operating pian for Run E-8 called for a PDU shutdown following the
Catalyst Activity Maintenance Run E-~7. The catalyst slurry was to be drained
from the reactor and the PDU equipment disassembled, inspected and cleaned. A
fresh batch of catalyst slurry would then be activated prior to the start of
Run E-8. The anticipated rate of catalyst deactivation and the need to
replace the largely deactivated catalyst slurry had necessitated this
scheduled turnaround. The stability of the catalyst activity and the success
of the addition/withdrawal procedure, however, resulted in a highly active
catalyst slurry at the end of Run E-7 with a methanol production rate of

9.5 TPD. This excellent residual level of catalyst activity allowed Run E-8
to begin immediately after the completion of Run E-7, without performing the
scheduied two-week turnaround. This program modification resulted in an
operating efficiency and allowed the scope and length of the Process Variabie
Scan Run E-8 to be expanded from the original plan at no cost.

Run E-8 consisted of a series of 34 different process conditions or cases.
These cases were chosen to systematically examine the effects of feed gas
composition, CO, effects, pressure, temperature, space velocity, superficial
intet gas veloc$ty. slurry concenicration, and slurry liquid level. The
majority of these conditions had been tested previously in the laboratory
autoclaves to determine the impact on methanol productivity and catalyst
deactivation. The purpose of the PDU operations was to confirm that data and
to expand the information base to include the impact on hydrodynamics, mass
transfer, and gas holdup. Several operating parameters, including inlet
superficial gas velocity, slurry catalyst weight percent and slurry liquid
level, can only be tested reiiably in the PDU.

The feed gas types tested in Run E-8 are defined in Table IV.1. Overall, the
feed gases represented the entire range of synthesis gas compositions that
could be expected from most modern gasifier, partial oxidation or reformer
technologies. The gas compositions ranged from CO-rich to Hp-rich with

Hy/CO ratios varying from 0.49 for a Shell gasifier type feed to 3.94 for a
natural gas reformer type feed. Carbon dioxide levels varied from 1 to 16
mol% and inert levels from 1 to 21 mol% were tested.

0710c -15-




TABLE IV.1

RUN E-8 TARGET GAS COMPQSITIONS

‘ H2 H2-CO2
Gas Type H €0 o2 N CH4 [o(0] €0+C02
CO-Rich 35 51 13 1 0.69 0.34
H2-Rich N 18 7 4 3.94 2.5%6
Balanced 54 23 2 21 2.35 2.08
Dow 41 4] 16 2 1.00 0.44
Shell 32 65 2 1 0.49 0.45
G. Plains 60 21 1 ] 17 2.86 2.68
*CO-Rich 37 54 8 1 0.69 0.47

The planned range of the operating variables to be tested in Run E-8 are
listed in Table IV.2. The maximum target superficial gas velocity

(1.0 ft/sec) and catalyst loading (50 wt% ox.) were very aggressive and
previously untested operating conditions. The slurry level varfation was the
first test of the impact of the reactor liquid/diameter ratio (L/D) on reactor
performance.

TABLE IV.2
PLANNED RANGE OF OPERATING VARIABLES FOR RUN E-8

Minimum

Reactor Pressure, psig 500 900

Reactor Temperature, °C 235 285

°F 455 545

Space Velocity, liter/hr-kg cat 2,000 14,000
Superficial Gas Velocity, ft/sec 0.1 1.0

Catalyst Loadirg, wt% ox. 35 50

Slurry Level, % 64 100
, L/D 6.8 10.6

The full matrix of nominal operating conditions for Run E-8 1s shown in

Table IV.3. The operation of the PDU was very stable for all of the cases
tested and there were no constraints on the process caused by the design or
Timitations within the slurry reactor. The Run Chronology in Table IV.4 gives
the detallecd uccount of the run. :

In addition to the 34 process variable conditions, Run E-8 included two
operating periods of reactor mixing studies using radicactive gas tracer
tests. The detalls and results of that work have been previously published as
a DOE Topical Report entitled "Task 2.3 Tracer Studies in the LaPorte LPMECH
POU" and are not discussed here.

0710c¢ -16-




TABLE IV.3

MATRIX OF NOMINAL TARGET PVS RUN CONDITIONS FOR RUN E-8

Space Gas Slurry Slurry

Run Pres. Temp. Vel. vVel. Conc. Height
No. Gas Type  psig °C L/hrkg ft/sec _wt. % $ Comment
127 -Co~-Rich 750 250 9000 0.5 40 100 Run E7:Day 127

24 hour concentration period before beginning Run E-8

1 CO-Rich 750 250 7000 0.5 45 100
2 CO-Rich 750 250 7000 0.5 50 83 Est. Max Conc.
3 CO-Rich 750 250 3000 0.2 S0 71
4 CO-Rich 750 250 3000 0.2 45 87
5 CO=-Rich 900 250 5000 0.3 40 100
6 CO-~Rich 750 250 9000 0.5 40 100 Baseline
7 CO-Rich 900 250 9000 0.5 40 100
8 CO-Rich 750 250 4000 0.2 40 92
9 CO-Rich 500 250 7000 0.5 40 100
10 CO-Rich 500 250 13000 1.0 40 100 Max. Gas Vel.
11 CO-Rich 750 250 11000 0.5 35 100 Baseline
12 CO=-Rich 750 250 6000 0.3 35 92
13 CO-Rich 750 250 14000 0.6 35 100
14 CO-Rich 750 250 3000 0.1 35 77
15 H2-~Rich 500 250 7000 0.5 35 100
16 H2-Rich 750 250 7000 0.3 35 100
17 H2-Rich 750 250 11000 0.5 35 100
18 Balanced 750 250 7000 0.3 35 88
19 Dow Gas 750 250 7000 0.3 35 87
20 Dow Gas 900 250 7000 0.3 35 85
21 CO=-Rich 750 250 11000 0.5 35 100 Baseline
22 Balanced  75u 250 11000 0.5 35 100
23 Balanced 900 250 11000 0.4 35 95
24 CO-Rich* 750 250 11000 0.5 35 100 Optim. CO2
25 CO-Rich* 900 250 11000 0.4 35 95 Optim. CO2
26 Shell Gas 750 250 11000 0.5 35 100
27 Shell Gas 909 250 11000 0.4 35 95
28 CO-Rich 750 250 11000 0.5 35 100 Baseline
29 CO-Rich 750 235 11000 0.5 35 99 Temp. Effect
30 G. Plains 900 250 7000 0.3 35 85
31 CoO-Rich 750 270 11000 0.5 35 101 Temp. Effect
32 CO-Rich 750 285 2000 0.1 35 73 Temp. Effect
. 33 CO~Rich 750 250 11000 0.5 35 100 Baseline
Drain 30% of Slurry Inventory
34 CO-Rich 750 250 10000 0.4 35 64 L/D Effect

Note: * CO-Rich gas matrix with reduced (8 mol%) CO2

17

et ettt g ety



Date

09 Jan 89

10 Jan 89

Time

0800

0950

1530

1700

2100

2150

0000

0630

0740

0925

TABLE IV.4

RUN E~8 CHRONOLOGY

Cumulative Time
On Production

Gas (hours)

0.0

1.8

13.

13.

16.

22.

23.

25.

Notes and Observationa

Run E-7 officially ended after 124 days
on stream at the nominal conditions of:
482°F, 750 psig, 10,000 Si/hx-kg space

velocicy and CO-Rich feed gas.

Began continuous addition of slurried
catalyst from the slurry prep tank to
the reactor via 10.56 pumps.

A 10.56 check valve momentarily plugged
so for a brief time there was no slurry
flow to the reactor.

Both 10.56 pumps in service. Both
north side 10.56 pump check valves
leak. Pumps require constant attention
in order to maintain discharge
pressure. This is slowing the rate of
slurried catalyst addition.

First signs of a significant increase
in react:o»n. The utility oil
temperature to the internal heat
exchanger continues to drop.

Stop catalyst addition for the evening.
Added slurried catalyst from the prep
tank to the reactor for approximately
12 hours.

Lined plant out for the evening at the
nominal conditions of: 482°F, 750 psig,
7,000 S1l/hr-kg and CO-Rich feed gas.

The plant ran well over the early
morning hours. The temperature and gas
profiles in the reactor were both
steady. The operator was unable to get
the hydrogen concentration in the
reactor feed above 34 mol%, because the
reaction rate was so fast.

HV~150-2-S closed for a shut down test
to determine catalyst loading after 09
Jan 89 continuous addition. The
catalyst loading according to this test
was 567 kg.

A sample was taken from the slurry prep

tank. Only % gallon oil and gas was
extracted.

18



Date

11 Jan 89

12 Jan 89

13 Jan 89

14 Jan 89

Time

1300

1500

1900

0000

0200

0700

1000

1000

TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time
On Production

Gas_(hours)
28.8

30.8

58.8

63.8

65.8

94.8

97.8

121.8

Notes and Observations

With the 28.30 catalyst prep tank
apparently empty it was decided to
start Run E-8.1. The nominal
conditions for this case were: 482°F,
750 psig, 7000 Sl/hr-kg space velocity,
45 wt%, and CO-Rich feed gas.

Able to control reactor temperature
with TIC-188 set at 280°F which results
in a colder feed gas temperature to the
reactor.

End of Case E~8.1. With no problems

operating at 45 wt% catalyst, it was

decided to thicken up further boiling
off oil and reducing liquid level. To
help with reactor temperature control,
TIC-188 was moved to 290°F to further
cool the reactor feed gas temperature.
0il return to the reactor was stopped.

Slurry concentration at 49.55 wtk.

Some instability in the nuclear density
gauge readings in position number eight
near the top of the reactor liouid
level. '

Temperature, flow, and compositions
lined out for Case E~8.2 conditions.
The nominal conditions for this case
are: 4B2°F, 750 psig, 7,000 Sl/hr-kg
space velocity, 50 wt% and CO-Rich gas
composition.

End of Case E-8.2. Reducing feed gas
rates for Case E-8.3. Because of the
expected lower methanol production rate
and resulting lower heat load, it will
be possible to return TIC-188 to 280°F
during the rate reduction.

The conditions for Case E-8.3 reached
easily. These conditions were: 482°F,
750 psig, 50 wt%, 3,000 Sl/hr-kg space
velocity, and CO~Rich feed gas
composition.

The 0700 methanol product sample was
found to be cloudy.

19




15 Jan 89

16 Jan 89

Time

1400

1900

2006

2115

0800

0700

0941

1023

1050

TABLE IV.4

RUN_E-8_CHRONOLOGY

Cumulative Time
On Production

Gas (hours)
125.8

'130.8

131.8

133.0

136.8

142.8

166.8
169.4

Notes and Observations

Opened the slurry prep tank for
inspection and found 3-5 inches of
settled slurry covering the bottom of
the vessel. Two pint bottle samples
were taken and one quart size sample
was taken for analysis. These samples
did not flow. They resembled paste or
mud. Estimated that these samples were
anproximately 65 wt% solids.

Case E-8.3 ended. Started to add oil
from the intermediate oil separator to
the reactor to dilute slurry down to
45 wtd for Case E-~8.4,

Noticed an immediate 20% increase in
production by dilution of the 50 wt%
slurry.

The three phase gas hold up data
indicates that the concentration of
solids is roughly 46 wt%. Waiting for
temperature and €low composition to
stabilize.

Beginning of Case E-8.4. Nominal
conditions for this case are: 482°F,
750 psig, 3,000 Sl/hr-kg space
velocity, 45 wt% catalyst, and CO-Rich
feed gas composition.

Operation smooth. The methanol in the
reactor effluent reached as high as 10
mols.

Case E-8.4 ended.

The blind between the slurry prep tank
and the reactor was swung. The gas
flow to the reactor was stopped and the
pre-transfer shutdown NDG scan was
taken.

Plant depressurization complete. The
slurry in the reactor was agitated
using high pressure nitrogen.

High pressure nitrogen flow stopped and

a set of NDG scans were taken to verify
original set. Nitrogen flow resumed.
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16 Jan 89

17 Jan 89

Time

1103

1208

1738

1845

1900

1900

1922

1945

2038

2043 -

TABLE 1V.4

RUN E-8 CHRONOLOGY

Cumulative Time

On Production

Gas (hours)

169.4

174.9

176.0

176.3

200.3

200.7

21

Notes and Observations

Stop nitrogen flow to reactor and begin
catalyst draining from the reactor to
the slurry prep tank. Three
consecutive openings of valve HV-1509-§S
lowered the degassed slurry level from
143.5 inches on the tape to 131.75
inches on the tape. The target slurry
height was 132 inches.

Started once through syngas blending to
the flare.

Plant finally at 750 psig, but
composition still not close.

Finding it difficult to get enough
hydrogen into the plant because of the
high conversion across the reactor.
TIC-188 moved to 270°F because the
utility oil temperature to the internal
heat exchanger was too low (294°F).

Plant finally lined out at Case E-8.5
conditions. The reason for the
extended line out period was to purge
out nitrogen because we used nitrogen
to stir the catalyst slurry instead of
syngas. The nominal conditions of this
case were: 482°F, 750 psig, 40 wt%,
5,000 Sl/hr-kg, and CO-Rich gas.

End of Case E-8.5. Preparations begun
for next catalyst draining.

HV-150-2-S closed and gas flow to the
reactor stopped in order to conduct
reactor isolation shutdown test. The
NDG scan results showed a catalyst
loading for Case E-8.5 to be 530 kg.

Plant being depressurized while
maintaining a small flow of syngas.

Beginning slurry transfer from reactor
to slurry prep tank at 350 psig.

On third opening of valve HV-1509-S the
valve stuck open. The three backup
valves between the reactor and the prep
tank also stuck open. Finally closed
with a liquid level 126.5 inches.
target was 125 inches. Did not risk
reopening valve and overshooting
catalyst withdrawal.



18 Jan 89

19 Jan 89

20 Jan 89

Time

2050

0100

0700

0805
1020

1200

0500

0830

0930

1900

2930

il vw I " [ | PR TR ' o B o iy il di

TABLE IV.4

RUN_E-8 CHRONOLOGY

Cumulative Time
On Production

Gas_(hours)
200.7

208.4

2,4.8

235.9
238.2

239.8

256.8

260.3

261.3

270.8

271.3

22

Notes and Observations

HV~150-2-S reopened. Began syngas
blending.

The PDU lined out at the nominal b
conditions of Case E-8.6: 482° F, 750
psig, 40 wt% catalyst, 9,000 Si/hr-kg
and CO-Rich feed gas composition.

Plant ran very smoothly for this base
line condition. Case E~§.6 ended.
Moved TIC-188 to 2B0°F in anticipation
of an increasing heat duty from heat of
reaction as the plant pressure was
raised to 900 psig.

Had to move TIC-188 to 290°F.

Plant pressure at 890 psig and TIC-188
at 300°F.

Set TIC~188 at 310°F. The PDU will run
at this setting for the duration of
this high production case. It is
difficult to get enough hydrogen into
the front end of the plant wit* these
high production rates

The concentration of hydrogen finally
above 34.5 mol%. Official start of
Case E~8.7. The conditions for this
case are: 482°F, 900 Psig, 40 wt%
catalyst, 9,000 Sl/hr-kg space velocity
and CO-Rich feed gas. The 22 hour line
out period was because of the low mol%
hydrogen in the feed.

Found that FQI-241, methanol proauct
flow meter, was over range on the
computer., Re-spanned the computer to
be accurate at a higher voltage signal.

§

Began flowing the methanol product to
the product day tank to verify the 12
TPD production numbers being calculated
from the re-spanned FQI-241.

Stopped flow to the product day tank.

The day tank measured a production rate

of 12.08 TPD and the FQI-124, product

flow meter, calculated a production '
rate of 12.03 TPD. :

Production and conversion of feed gas
was 80 high, coupled with heavy rain,
caused the flare to go out.



Date
21 Jan 89

22 Jan 89

23 Jan 8%

0700

1400

0630

0700

0730

0800
0807

0835

0840

0857

0905

1245

1300

Cumulative Time

TABLE 1IV.4

RUN_E-8 CHRONOLOGY

On Production

Gas (hours)

282.8

289.8

306.3

330.8

331.3

331.3

335.1

335.4

23

Notes and Observation

Case E~-8.7 ended after 26 hours of
record breaking production rates of
12.04 TPD. Started backing down plant
pressure and flows.

Beginning of Case E-8.8. Nominal
conditions for this case were: 482°F,
750 psig, 5000 Sl/hr-kg space velocity,
40 wt% catalyst and CO-Rich feed gas
composition.

Plant running well even at reduced CO
line pressure. CO flow control valve
open wide for a short period of time
until line pressure from HYCO was
restored.

End of Case E~8.8. Preparing for
catalyst withdrawal.

HV-150-2~S closed for reactor isolation
shutdown test and NDG scans begun.

This set of scans showed a catalyst
loading of 460 kg.

Plant depressurization to 350 psig
begun,

Stirring slurry with syngas at 350
psig.

Second set of uclear density gauge
scans verified that the height to drain
the reactor to was 119.25 inches.

Transfer of slurry form the reactor to
the slurry prep tank,

Transfer completed. Final height at
119.5 inches. HV-150-2-S opened and
ocnce through syngas flow started.

flant coming on line and recycle was
started. Began line out period for
Zase E-8.9 nominal conditions of 482°F,
750 psig, maximum flow, and 38 wth
catalyst. (note: maximun flow was 6,800
31/hr-kg cat under these conditions)

wWaiting on feed gas composition and
temperature Lo line out.

Plant lined out at E-~8.9 nominal
conditionsa.,



Date

24 Jan 89

25 Jan 89

Time

1640

1900

1910

1921

1943

2000

0700

0704

0733

0750

0752
0801

TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time

On Production

Gas (hours)

339.0

365.4

365.5

365.4

365.9

366.2

377.2

377.3

137117

24

Notes and Observations

Oil samples drawn from intermediate oil
separator and slurry carry-over surge
pot. No visible signs of catalyst
carryover,

End of Case E-8.9. Preparing for
reactor isolation shutdown test.

HY-15C -2 valve closed. No flow to
reactor. NDG scans started.

HV-150-2 valve or:=ned. Flow to reactor
resumed. The NDG scan results during
the shutdown test indicate a catalyst
loading of 401 kg.

Attempting to increase filowrate to the
reactor to obtain conditions designated
for Case E-8.10 of 12,600 S1l/hr~kg cat
space velocity, 482°F, and 500 psig.
This means feeding 194,617 SCFH of feed
gas to reactor to achieve 1 ft/sec
linear velocity.

Due to compressor capacity constraints
the feed gas to the reactor was only
able to be raised to 142,000 SCFH.
Conditions for Case E~8.10 are
unattainable. It was decided to return
plant back to conditions of Case E-8.9
until 0700 on 25 Jan B89.

Preparing for reactor shutdown test to
determine catalyst loading.

Closed H, bypass valve. Closed HIC-636
oil return valve. Lowering plant
pressure to 300 psig.

HV-150-2 valve closad. No flow to
reactor. NDG scans taken. Results of
NDG scans show 400.1 kg of catalyst
loading.

Slurry transfer from reactor to slurry
prep tank started. Beginning slurry
level is at 136 inches on the tape.

Slurry transfer valve stuck open.

Transfer complete. Slurry transfer
flow st-pped by closing the valves on
the inlet of the slurry prep tank.
Final slurry level in reactor is at
118.75 inches. Target was 118.0
inches.



Date

26 Jan 89

Time

0807

0821
0838

0840
0852

0900

1108

1300

2300

0000

1530

1600

1620

le2l

1623

1650

1715

TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time

On Production

Gas (hours)

377.1

378.0

378.3

378.3

378.4

380.5

382.4

392.4

393.4

408.9

409.4

409.7

409.7
409.8

25

Notes and Observations

HV~150-2 is opened to allow slurry
mixing with syngas as plant pressure is
brought up to 750 psig.

H, bypass valve opened.

HV=-150~-2 is closed again in order to
determine catalyst loading after slurry
transfer.

NDG scans taken.

HvV-150-2 valve opened. Feed gas to
reactor. Shutdown test results
indicate a catalyst loading of 361 kg.
{Target loading: 353~354 kg)

Attempting to line out plant at Case E-
8.11 nominal conditions of 482°F, 750
psig, 11,100 Sl/hr-kg space velocity,
35 wt% catalyst, and CO-Rich feed gas.

Plant lined out in flow, pressure, and
temperature, but not in feed gas
composition.

Plant lined out. Beginning of Case E-
8.11 balance period.

Feed fell off, recycle was out of
control, and temperature was
fluctuating until 0000 hours.
Composition and temperature stabilized.

Leak discovered around recycle
compressor discharge.

End of Case E-B.11. Preparing to
depressurize compressor in order to
repair leak.

Block in HIC-636.

H, bypass blocked in.

HV-150~2 closed. No flow to reactor.
Purge gas to flare flow (PV-201)
blocked in.

Compressor depressurized. Changing
recycle discharge pipe.

Compressor discharge line changed out.



27 Jan 89

28 Jan 89

Zime

1728

1820
1837

1841
2012

2300

9008

0100

1200

0800

0820

0£40

TABLE 1IV.4

RUN E-8 CHRONOLOGY

Cumulative Time

On Production

Gas (hours)

409.

409.
411.

414.

415.

416.

427.

447,

447,

447,

fad

to

ty

*

26

Notes and Observations

Attempting to restart compressor. 0il
pump is stuck.

Compressor restarted.

HV-150-2 open. Syngas flow to reactor
resumed.

HIC-636 unblucked.

After finding that the recycle valve
(PIC~247) on the recycle c-mpressor
would not completely close under normal
instrument air pressure, the valve was
closed as tightly as possible and an
attempt to bring up rates to the high
superficial gas velocity case (Case E-
8.10), which had to be aborted on 24
Jan 89, was done.

In the attempt to bring the reactor
feed flowrate up, the pressure was
allowed to go up to 800 psig (and thus
increase recycle capacity). The flow
to the reactor became over the range of
the transmitters and the plant was not
able to be lined out. It was decided
to return the plant to the nominal
conditions for Case E-8.12 of 482°F,
750 psig, 6,600 S1/hr-kg cat space
velocity, and 35 wtd catalyst.

NDG scan shows slurry level in reactor
at 191.75 inches on the tape.

Plant lined out at Case E-8.12
conditions,

Plant running smooth. Will hold
conditions until 0800 on 28 Jan 89.

End of Case E-8.12. Preparing to
attempt. to clese recycle valve (PIC-
<457) completely so the maximum gas
velocity Case E-8.13 will be
attainable.

HV-150-2 closed. No flow to reactor.
Recycle compressor recycle line
isolated. Recycle valve (PIC-247)
still will not close completely.

HV-150~-2 opened. Syngas flow to
reactor resumed,

i



Date

29 Jan 89

30 Jan 895

Time

1000

1445

1600

1700

1800

0600

0800.

1800

1900

2130

0000

1200

TABLE IV.4

RUN_E-8 CHRONOLOGY

Cumulative Time
On Production

Gas (hours)
448.8

453.6

454.8

455.8

456.8

468.8

470.8

480.8

481.8

484.3

486.8

498.8

27

Notes and Observations

Spanning reactor feed gas flowmeter
(FT-187A) DP to 350 inch H,0 so it will
be in the range of the flows which will
be obtained in Case E~B.13.

Starting to bring flowrates up and
attempting to line plant conditions out
to the maximum gas velocity Case E-8.13
nominal conditions of 482°F, 750 psig,
14,000 S1l/hr-kg cat, 35 wt% catalyst,
and CO-Rich feed gas.

Reactor feed rate up to 184,000 SCFH.
Adjusting feed gas to CO-Rich
composition.

Attempting to bring reactor feed
flowrate up to 190,000 SCFH, but the
recycle valve (PIC-257) on the recycle
compressor is still open 15%. 185,000
SCFH may be the highest reactor feed
flowrate that will be attainable.

Plant is lined out with 185,000 SCFH
reactor feed flowrate. Beginning of
Case E-8.13 balance period.

0il samples taken from slurry carry-
over surge pot and intermediate oil
separator. Samples showed little or no
signs of slurried catalyst carry-over.

Methanol product samples show no signs
of catalyst carry-over.

Methanol product sample shows no sign
of catalyst carry-over. Oil samples
from slurry carry-over surge pot and
intermediate oil separator show slight
signs of slurried catalyst carry-over.

End of Case E-8.13. Starting to back
off to Case E-8.14 nominal conditions
of 482°F, 750 psaig, 3,000 Sl/hr-kg cat,
35 wth%, and CO-Rich feed gas. Reactor
feed flowrate being backed down to
40,400 SCFH.

Reactor feed flowrate, temperature, and
pressure are lined out. Adjusting
composition to CO-Rich feed gas.

Plant lined out. Begin Case E-8.14
balance period.

PDU running smooth.



Date

31 Jan 89

1 Feb 89

2 Feb 89

]

0712

0720

0742

0900

0930

1035

1100

1400

1800

1300

1900

0000

TABLE 1IV.4

RUN_E-B CHRONOLOGY

Cumulative Time
On Production

Gas (hours)

517.

518.

518.

519.

519.5

522.

526.

527.

551,

556.

8

0

)

2

2

2

28

Notes and Observations

End of Case E-8.14. Preparing for
reactor isclation shutdown test to
check catalyst loading.

HV-150-2 closed. No flow to reactor.

Taking reactor NDG scans. The scan
results indicate 355.2 kg of catalyst
in reactor. This is a drop in catalyst
inventory of 6.1 kg over the last
check.

Depressurizing plant to 300 psig to
quickly purge out plant in preparation
for gas composition change.

Bringing up plant pressure to 500 psig.

HV-150~-2 opened. Starting once-thru
balanced feed gas to the reactor at
444°F and 500 psig. Reactor feed gas
flowmeter (FT-187a) respanned to 150
inches of H,0.

Started recycle flow to reactor. Begin
to line plant out to Case E-8.15
nominal conditions of 482°F, 500 psig,
7,000 S1/hr-kg cat, 35 wt% catalyst,
and H,~Rich reactor feed gas.

Added 32 gallons of Drakeol-10 oil to
intermediate oil separator. Increased
cil return flowrate to reactor from
intermediate oil separator to dilute
slurried catalyst down to 35 wt%.

Added 28 more gallons of oil to 27.14
intermediatu oil separator.

Reactor NDG scan taken. Results
indicate 33 wt% catalyst in reactor.

Plant lined ¢ut at Case E-8.15
conditions.

Case E~-8.15 erded without incident.
Start to bring plant pressure up to 750
psig for Case .I1~8.16 conditions.

Plant lined out at E-8.16 conditions of
482°F, 750 psig, 7,000 S1l/hr~kg cat,
and H,~Rich feed gas.



3 Feb 89

4 Feb 89

1000

0630

0700

0930

1500
1830

0300

0400

0530

TABLE IV.4

RUN E~8 CHRONOLOGY

Cumulative Time
On Production

Gas (hours)
564.7

566.2

586.7

587.2

589.7

595.2
598.7

607.2

608.2

609.7

29

Notes and Observations

Having difficulty holding reactor
temperature down to 482°F, Utility oil
to internal heat exchanger is at 290°F
and fin-fan is 100% open. Temperature
to intermediate oil separator is
increased to 300°F (TIC~-188). Utility
oil temperature increases to 330°F.
Ambient temperature is B80°F.

Blew residual slurry from the external
loop to the slurry prep tank (28.30)
with nitrogen. The slurry in the prep
tank will be kept at 200°F and under
agitation in an attempt to dislodge the
caked slurry that was found on the
bottom head of the tank after catalyst
addition on 14 January.

Ambient temperature has dropped from
80°F to 35°F overnight. No problem
holding reactor temperature down to
482°F. Utility oil temperature to
reactor at 350°F and fin-fan only 20%
open.

End of Case E-8.16. Increasiig reactor
feed flowrate to 148,900 SCFH to obtain
Case E-8.17 nominal conditions of
482°F, 750 psig, 11,100 Sl/hr-kg cat
space velocity and H,-Rich feed gas.

Plant lined out on flow and
temperature. Working on lining out
composition,

Plant lined out on E-8.17 conditions.

Cutting N, feed back to 2-3 mol% of
total feed due to Air Plant shutdown.
Desired N, feed composition is 4 mol$
for H,-Rich feed gas.

H, feed dropping off due to HYCO Plant
upset. Reactor temperature dropping
off; utility oil heaters firing in
attempt to hold reactor temperature.

Plant lined out on temperature and
pressure, but losing feed as HYCO Plant
is shutting down.

PDU shutdown due to loss of feed from
Air Plant and HYCO Plant. Will try to
hold reactor temperature with utility
oil system,



5 Feb 89

6 Feb 89

T P T T P T RS R IR Tl R T N RRL R

TABLE 1IV.4
RUN E-8 CHRONOLOGY

Cumulative Time
On Production

Time Gas (hours) Notes and Observations

0930 Attempting to hold reactor temperature
at 420°F.

1100 Reactor temperature has dropped to

408°F. HYCO Plant starting to come
back on line; should be getting feed
gas soon.

1110 Coming back on line with H, and CO feed
to reactor. Reactor temperature
starting to come up after dropping to

407°F,

1130 609.7 Syngas to reactor. Reactor temperature
at 438°F.

1145 608.9 Reactor temperature at 452°F and
pressure at 850 psig.

1159 610.2 Reactor temperature coming up smoothly.
Temperature at 486°F and pressure at
770 psig.

1700 615.2 Reactor lined out at same conditions as

before shutdown. Continue Case E~8.17.
Productivity comparison of before and
after shutdown is 39.0 versus 38.5
gmol/hr-kg cat -espectively.

0700 629.2 End of Case E~B8.17. Moving conditions
to those of Case E-8.18: 482°F, 750
psig, 6,600 Sl/hr-kg cat, 35 wt%, and
Balanced feed gas.

0805 630.3 Dropped reactor slurry level down to
182 inches on the tape in order to
concentrate slurry up to 35 wth

catalyst.

1200 634.2 Plant lined out at Case E-8.18
conditions,

0045 646.9 N, feed pressure and flow unstable due

to Air Plant upset. H, and CO feed
line pressures down due to HYCO Plant
trip. Composition to reactor
fluctuating ever since 0000 hours.

0600 652.2 End of Case E-8.12. H,, CO, and N,
feed line pressures fluctuated all
night due to power failures at HYCO and
ASU.

30
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7 Feb 89

8 Feb 89

0910

1000

1130

1230

1400

2330

0500

1400

1445

1600

1330

TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time

On Production

Gas (hours)
654.2

655.4

656.2

€58.7

660.2

669.7

675.2

684.2

684.9

686.2

707.7
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Notes and Observations

Cutting back on N, per Air Plant’s
request. It is decided to move to a
Dow Gas reactor feed case which only
requires 2 mol% N, instead of the 21
mol% N, required for the current
Balanced gas case.

Feed line pressures very low. Trying
to stabilize reactor conditions at
482°F, 900 psig, 6,600 Sl/hr-kg cat,
and balanced feed gas.

Can not get enough feed flow to reactor
due to low line pressure. Dropping
plant pressure to 750 psig. Attempting
to line out plant conditions.

Switch on Nuclear Density Gauge
traverse motor malfunctioning. No
indication of slurry level can be
obtained. Holding conditions.

NDG switch repaired. Adjusting to Dow
feed gas composition.

PDU lined out at Case E-8.19 conditions
which have been revised to 482°F, 750
psig, 6,600 Sl/hr-kg cat, and Dow feed
gas.

Dip in power supply. Utility oil
heaters out for approximately 10
minutes.

Difficulty holding reactor composition
all night due to fluctuating pressure
in feed lines.

End of Case E-8.19. Starting to move
plant to Case E-8.19 conditions: 482°F,
900 psig, 6,600 Sl/hr-kg cat, and Dow
feed gas.

Reactor pressure at 900 psig.
Attempting to line out temperature and
feed gas composition.

PDU lined out at Case E~8.20
conditions.

Drained 4,563 lbs of slurry from the
slurry prep tank. Several samples of
the slurry were taken for solids and
methanol concentration analyses. This
is the slurry which was transferred to
the prep tank on 2 Feb 89.



9 Feb 89

10 Feb 89

11 Feb 89

12 Feb 89

13 Feb 89

2000

2300
1030

1345

0700

1400

1000

1900
1915

2200

0800

0800

1300
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TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time
On Production

Gas (hours)

713.

714.

717.
728,

731.

749.

756.

776.

785.
785.

788.

798.

788.

827.

4

N
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Notes and Observations

End of Case E-8.20. Changing PDU
conditions to Case E-8.21 specified
conditions, which are the baseline
conditions of 482°F, 750 psig, 11,100
Sl/hr-kg cat, and CO-Rich feed gas.

Pressure, temperature, and reactor feed
flowrate lined out. Making moves to
line out composition.

Lined out at Case E-8.21 conditions.

Slurry prep tank inspection reveals
very thin (less than 1/16") coating of
slurried catalyst on wal.s, bottom head
and stirrer. Overall very clean.

PDU is running smoothly at Case E-8.21
conditions.

End of baseline Case E-8.21. Changing
conditions to Case E~8.22 conditions of
AB2°F, 750 psig, 11,100 Sl/hr-kg cat,
and balanced feed gas. GC gas standard
being switched for balance gaa.

Plant lined out at Case E-8.22
conditions.

Lab is analyzing flash gas samples on
GC #2, therefore, no GC #2 analyses on
reactor effluent for next two hours.

End of Case E-8.22.

Raising pressure for Case E-8.23.
Nominal conditions for Case E-8.23:
482°F, 900 psig, 11,000 Sl/hr-kg cat,
and balanced feed gas.

Plant lined out at Case E-8.23
conditions.

PDU running without incident at Case E-
8.23 conditions.

Informed that lab will not have GC
standard for upcoming CO-Rich* (optimum
8 mol% CO2) case until 1400 hours
today. Therefore, holding present
conditions until 1300 hours.

End of Case E-8.23.

[T



14 Feb 89

15 Feb 89

16 Feb 89

Time

1315

1530
1800

1900
1815

2200

0200

0730

0830
1010

0730
1100
1115

1525

TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time

On Production

Gas_(hours)
827.4

829.7

832.2

857.2
857.4

860.2

864.2

869.7

870.7
872.4

893.7
897.2
897.4

901.6
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Notes and Observations

Begin to change conditions to Case E-
8.24 nominal conditions of 482°F, 750
psig, 11,100 Sl/hr-kg cat, and CO-Rich*
feed gas.

GC’s calibration with CO-Rich* gas
complete.

Plant lined out at Case E-8.24
conditinns.

End of Case E-8.24.

Raising plant pressure to 900 psig for
Case E-B8.25. Nominal conditions for
Case E-8.25: 482°F, 750 psig, 11,100
$1/hr-kg cat, and CO-Rich* feed gas.

Pressure, temperature, and flowrate
lined out., Attempting to line out on
composition.

Having difficulty feeding over 35 mol%
H, to reactor due to inability to hold
temperature down to 482°F. Reaction is
taking off with this optimum CO, feed
gas composition.

Moved TIC-188 (reactor feed temperature
control) to 295°F.

TIC-188 moved to 300°F.

TIC-188 moved to 305°F. Finally able
to get 37 mol% H, in reactor feed and
control reactor temperature at 482°F.
PDU finally lined out at Case E-8.25
conditions: 482°7, 900 psig, 11,100
Sl/hr-kg cat, CO-Rich* feed gas
(optimum CO,%) .

PDU ran smoothly overnight.
End of Case E-8.25

Moving PDU to Case E-B8.26 conditions of
482°F, 750 psig, 11,000 Sl/hr-kg cat,
and Shell feed gas. TIC-~188 was moved
back to 290°F,

Noticed GC #2 has missed methanol peak
in reactor feed analysis since
approximately 1200 hours today.



Date

17 Feb 89

18 Feb 89
19 Feb 89

20 Feb B89

21 Feb 89

1900

1900

0300
0700

1200

0715

1300

1315
1345

1700

0800

TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time
On Production

Gas (hours)
901.9

905.2

929.2

937.2
965.2

970.2
989.4

995.2

995.4
995.4

998.7

1013.7
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Notes and Observations

Both GC’s recalibrated with Shell gas
standard. Methanol peak is now being
picked up by both GC's.

PDU lined out at case E~8.26
conditions.

End of Case E~8,26. Moving to Case E-
8.27 conditions, The conditions for
Case E~-8.27 are the same as E-8.26
except that the pressure is raised to
900 psig.

Lined out at Case E-8.27 conditions.

End of Case E-8.27 without incident.
Moving to Case E-8.28 baseline CO-Rich
feed gas conditions. GC's are being
recalibrated with CO-Rich standard gas.
Noticed GC #1 has been missing methanol
peak in reactor feed gas.

Lined out at Case E-8.28 baseline
conditions of 482°F, 750 psig, 11,000
Sl/hr-kg cat, and CO-Rich feed gas.

No problems overnight except GC #1
missed methanol peak in reactor feed
since 1800 hours last night.

End of Case E-~8.28. Preparing for
reactor shutdown test.

Start reactor isolation shutdown test.

End of reactor isolation shutdown test.
Making moves to Case E=-8.29 conditions
of 455°F, 750 psig, 11,000 Sl/hr-kg
cat, and CO-Rich feed gas. The
shut.down test results showed 367 kg of
catalyst loading. This is 3% higher
than that calirculated from the last
shutdown test, within the error
inherent in the method. For the sake
of consistency, the previous value of
355 kg will be used.

PDU lined out at Case E-8.29
conditions.
Reactor temperature unstable through ¢
this case. Composition is helu.ng
steady.



22 Feb 89

23 Feb 89

Time

1620

1700
1715

1723

2400

0545

09090

1200

0700

0703

0724

1100

2100

TABLE 1IV.4

RUN E-8 CHRONOLOGY

Cumulative Time
On Production

Gas (hours)
1022.0

1022.7
1022.9

1023.1
1029.7
1035.4
1038.7
1041.7
1060.7

1060.7

1061.1

1064.7

1074.7
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Notes and Observations

Noticed GC #2 reported 0.0 mol%
methanol in reactor feed gas for 1000,
1200, 1300, and 1400 hours.

End of Case E-8.29.

Raising temperature back up to 482°F,
Moving PDU to Case E-8.30 Great Plains
feed gas conditions of 482°F, 900 psig,
and 6,600 Sl1/hr-kg cat.

Opened methane feed to reactor.

PDU lined out at Case E-8.30
condit.ions.

Some trouble holding reactor feed
composition stable overnight. GC #2
has missed methanol peak since 1000
hours last night. GC #1 also missed
methanol peak in reactor feed analysis
at 0300 hours.

Investigating cause and solution to GC
problems. Lab attributes problem to
sawtooth in the methanol peak which
causes it to cut off integration early.

Running smoothly at Case E~8.30
conditions.

End of Case E-8.30.

Moving to Case E-8.31 conditions.
Methane feed to reactor stopped and
plant pressure being lowered to 750

psig.

Plant pressure down to 770 psig and
starting to change reactor feed
composition to CO-Rich gas.

Lined out at Case E-8.31 conditions of
518°F, 750 psig, 11,000 Sl1/hr-kg cat,
and CO-Rich feed gas. Preparations
begun for gas phase tracer studies
which will be performed tomorrow. ICI
TRACERCO is installing detectors and
plans are being made to conduct
pressure test and sample injections of
nitrogen later this afternoon.

The traversing cable on the Nuclear
Density Gauge snapped.



24 Feb 89

25 Feb 89

26 Feb 89

27 Feb 89

1200

1420

0030

0045

0050

0400

0655

0730

0900
0915
0928

1028
1044

1107

1128

1400
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TABLE 1IV.4

RUN E-8 CHRONOLOGY

1085.2

1086.7

1089.7

1092.0

1102.2

1102.4

1102.5

1105.7

1132.6

1158.7

1161.2

Cumulative Time
On Production

Gas (hours)

36

Notes and Observations

Attempting to fix cable which failed
last night.

Cable repaired. Currently
recalibrating NDG gauge with level
transmitter on the Yokogawa recorder.

End of Case E-8.31 and moving
conditions to Case E-8.32.

Tracer studies begun. Se¢ Tracer Study
topical report for details.

Test #3 of tracer studies finished.
Closed H, bypass valve. Raising gas
flow to determine maximum linear
velocity.

Maximum reactor feed flow is 201,800
SCFH (FT-187A) at a superficial inlet
ga: velocity of 0.66 ft/sec.

Case E-8.32 begins.

Plant tripped due to high reactor
temperature of 545°F, Case E-8.32
ends.

Plant restarted and conditions being
brought up to baseline.

Run E~8.33 begins.
Pre-shutdown nuclear scan completed.

Feed gas flow to reactor stopped. Case
E-8.33 ends.

Draining slurry {rom reactor.

Plant pressure lowered to less than 100
psig because too much slurry was
drained and some must be returned to
the reactor.

Slurry level at 75.5" after transfer of
slurry back to reactor completed.

Feed gas flow restarted. Flows being
calculated.

Plant lined out in flow and
composition. Case E-8.34 begins.



TABLE IV.4

RUN E-8 CHRONOLOGY

Cumulative Time
On Production

Date Iime Gas_(hours Notes and Observations
28 Feb 89 0145 1172.9 GC #1 locked up until after 0500,
1408 1185.3 End of case E-~8.34. Preparations begin

for further tracer studies. See Tracer
Studies Topical Report for details.

2300 1194.3 End of sscond set of tracer studies.
Feed gas to reactor stopped. End of
Run E-§.

37
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C. Discussion of Results
1. Catalyst Activity Maintenance

Throughout the run, operating conditions were returned to a standard baseline
condition to check on changes in catalyst activity. Baseline cases E-B.6
through E-8.28 in Table IV.5 are at essentially equivalent conditions and
suggest healthy catalyst activity throughout the run with an average catalyst
productivity consistently at 96% of fresh catalyst autoclave results.
Baseline case E-8.33 was also done at these conditions but followed the high
slurry temperature (285°C) case E-B.32. As expected there appears to have
been some (approximately 3%) loss in catalyst activity as a result of that
25-hour operating period.

TABLE 1IV.5

LAPORTE LPMEOH PDU
RUN E-8 CATALYST ACTIVITY MAINTENANCE

CO-Rich Gas, 750 psig, 482°F

Space Slurry

Days From Veloctity Conc. Percent of
Case Run E-8 Start S1/hr kg _wt% ox.  Autoclave
E-8.6 9.79 8,525 4.1 95
E-8.1 17.06 10,841 36.5 96
£E-8.21 31.22 11,006 35.8 97
£E-8.28 a41.47 10,962 35.5 96
£E-8.33 48.28 11,024 35.6 93

The results of this catalyst evaluation are consistent with previous results
and indicate that the results obtained from the process variable scans are
representative behavior of the LPMEOH PDU tc changing process conditions and
do not require correction for declining catalyst activity.

2. PVS Conditions

A1l of the cases proposed in the process variable scan matrix were completed
with the exception of case E-8.10. The maximum achievable inlet superficial
gas velocity for E-8.10 was not substantially greater than previous runs with
the 01.20 Recycle Compressor running at its maximum throughput. As a result,
that case was abandoned and the maximum superficial gas velocity was achieved
in Case E-8.13 at 0.64 ft/sec. Ongoing minor modifications were done on the
01.20 compressor during the remainder of the run, in an effort to increase the
output capacity. The results of this work are demonstrated in the Run E-9
results.

Run E-8 provides a broad operating experience background that serves as a
basis for future commercial demonstrations and the trends observed in several
of the runs demonstrate the performance constraints of the LPMEOH process. As
stated earlier, the PDU performed well at all of the tested conditions. The
complete run summary 1s provided in Table IV.6 and the detalled data
acquisition sheets are {ncluded as Appendix A.
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Figure IV.1 shows the methanol productivity performance as a. function of space
velocity. The data are very consistent throughout the run and reflect the
expected behavior predicted from autoclave experience. It should be noted
that the PDU data in Figure IV.1 are very close to the autoclave prediction
for fresh catalyst, in spite of the fact that this catalyst slurry had been
partially used for 4 1/2 months prior to the start of Run E-8. This can be
attributed both to the stable nature of the catalyst slurry and the enhanced
performance of the partially back-mixed bubble column reactor as compared to a
well mixed autoclave reactor.

Figure IV.2 is a plot of the PDU methanol productivity, relative to the
autoclave prediction, as a function of catalyst loading in the slurry. The
results shown in Figure IV.2 are consistent with previous PDU operating
experience which indicated that there was not a significant change in catalyst
productivity at slurry concentrations varying from 34 to 40 wt%. The data,
however, do begin to show a significant drop-off in productivity at siurry
concentrations somewhere in excess of 42 to 45 wti, which is attributed to the
onset of a mass transfer controlled regime in the slurry reactor at the higher
catalyst concentrations.

Although the transition from a kinetically controlled system may be occurring
in cases E-8.1 through E-8.4, this could be a more optimum operating point.
The behavior of the system was very stable and the methanol volumetric
productivity continued to improve with increasing slurry concentration, as
shown in Table IV.7 below.

TABLE IV.7
RUN E-8 REACTOR VOLUMETRIC PRODUCTIVITY
CO-Rich Gas, 750 psig, 482°F
Space Sturry  Slurry Methanol Volumetric
Valocity Conc. Height Product. Productivity

Lase S1/hr kg _Wt% ox, Percent _TPD _  1b-MeOH/hr cu ft
E-8.12 6,168 36.5 92 6.42 11.0
£E-8.1 6,729 45.3 100 10.03 15.8
E-8.2 6,767 49.6 83 9.06 17.2
E-8.14 2,985 36.5 17 3.52 7.2
£E-8.4 3,112 45.6 87 5.4) 9.8
E-8.3 3,081 50.0 74 4.74 10.1

The typical depzndence of catalyst productivity on temperature is shown in
Figure IV.3 with an optimum reactor temperature of approximately 490°F. The
productivity decreases at lower temperatures due to a decrease in catalyst
activity, and the productivity decreases at higher temperatures due to a less
favorable methanol reaction equilibrium constant.

The effect of feed gas composition on the LPMEOH reactor performance was
tested in 13 separate runs. The laboratory autoclave program under Subtask
3.2 showed that, for a CO-Rich gas matrix at 750 psig, there 1s a well defined
optimum in the methancl productivity with 8 mol% CO; in reactor feed gas.
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Figure IV.1

Aunis ®a 0S o
Aunis s Gy o
linis e o =

Aunig %~ 9¢ e

9ADjICINY YO0

(x0—}p2—B% 4y/|S) Apoo|aA aopdg

0o0ct 00001t 0008 0009 000t

BN SRS NN _~n._b__~__»—__n_r~

[ SN IR I U

000¢

ittt Ll

Lo e

I

>
'
1
)
L}
t
'
)
'
[
4
3
'
'
[
*
'
1

Ll

LA L.l

P T L L LY

L T A R R T R TPy

s

-

L

P L L L

Ll 1

T, o S T R L e D L e R s sl

B e L ] R

g1

"
1
[
:
'
'
[]
s
[}
4
t
]
:
'
t
1

N

1B ERERRAE

Bisd oGz ‘4, Z8¥' SD9 Y21y-03
ALIDOT3A 3DVdAS ‘SA ALIAILONAOYd HO3IW 8—3 NN

ﬂﬂ_‘~ﬂﬂ14ﬁ~m~—w_‘—«m_ﬂua-ﬁ_wud-“_aqﬂau__qm.d.u_.mﬂﬂ

o <
= @®
| —t-
B I
N (e
- G 3
- o
o Y
-0l o
[ Q.
N c
= 9]
- Gi =%
- <
- pury
~ A
. P
noNB
- 3
[ o
lmm/
B -y
= |
N x
~ 0t g
- |
- (o)
~ x

GE S~

41




Figure IV.2
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The results obtained in Run E-8 are consistent with the previous laboratory
observations and demonstrate the effect of CO; partial pressure on methanol
productivity, as seen in Figure IV.4. The sharp drop-off in productivity
below 2 mol% CO> suggests that commercial gas feeds with these compositions
could significantly benefit from either CO; or water injection in the
reactor feed.

The performance of the other gas types relative to CO-Rich gas are shown in
Figure IV.5. Operation on Hy-Rich gas produced 30% more methanol than
CO-Rich gas at equivalent conditions due to the more optimum Ho/CO ratio and
a COp concentrattion at 7 mol%. Operation on Shell type gas produced 30%
less methanol than CO-Rich gas at equivalent conditions due to the low

(2 mol%) COp concentration, however, this performance would be equivalent to
CO-Rich gas using either water or CO» injection as mentioned above. The
methanol production rate for the other gas types tested varied less from the
baseline performance on CO-Rich gas.

3. Product Methanol Composition

The product methanol comnositions for all of the cases in Run E-8 are shown in
Table IV.8. For the 482°F reactor cases, the methanol purity varied from
95.42 to 98.34 wt% and averaged 97.08 wtk. The average impurities were

0.89 wti water, 0.26 wt% oil, 0.49 wt % ethanol, 0.42 wt% higher alcohols and
0.86 wt% other oxygenates. The concentration of mineral oil in the product
varied from 0.12 to 0.67 wt% and was set by the PDU operating parameters and
the methanol production rate.

The methanol purity decreased with increasing temperature, with the minimum
purity occurring in case E-8.32 at 85.90 wt% methanol, 11.02 wt% other
alcohols, and 1.54 wt% water for a reactor temperature of 545°F. The
concentration of higher molecular weight byproducts in the methanol product
also increased with longer reactor residence times. This is i1llustrated in
Figures IV.6 and IV.7. Figure IV.6 is a plot of the methanol product purity
from CO-Rich gas as a function of space velocity. The methanol concentration
fncreases from 95.5 to 97.8 wit% as the space velocity increases (residence
time decreases) from 3,000 to 14,000 S1/hr kg-ox. Figure IV.7 shows the
opposite trend for higher alcohols. The higher alcohol concentration
decreases from 2.0 to 0.5 wt% as the space velocity increases (residence time
decreases) from 3,000 to 14,000 S1/hr kg-ox.

4. langer.

As in previous runs, the overall heat transfer coefficient for the internal
heat exchanger was calculated from the utility oil data. The measured overall
heat transfer coefficient was based upon the actual utility oll flowrate,
temperature rise, the predicted utility oll heat capacity, and the reactor
temperature. An operating fouling factor of 0.0015 hr~ft2~”F/Btu was used
for all of the heat transfer coefficient calculations based on the previous
heat exchanger data analysis described in the topical report entitled "Task
2.2: Alternate Catalyst Run E-6 and Catalyst Activity Maintenance Run E-7".

A comparison of the predicted and measured overall coefficients indicated that
the average absolute error was 5.7% for the 33 cases ¢f Run E-B. HWith the
exception of cases E-8.9, 32, and 34 none of the errors were greater than 9.0%
{see Table IV.9). The typical calculated uncertainty in the measured
coefficients was estimated at 11%. The high errors in cases E-8.9, 32, and 34
are caused by the lower methanol production rates which resuit in lower heat
fluxes and less accuracy in the measured data.
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Figure IV.5
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The shell-side (slurry-side) heat transfer coefficient was backed out from the
overall coefficient using the predicted tube-side heat transfer coefficient,
which was calculated from the Sieder-Tate equation. The predicted shell-side
heat transfer coefficients were calculated using the Deckwer correlation for
heat transfer in slurries (Deckwer 1980).

St = ho/(pg*Cps*vg) = Beta*(Reg*Frg*prg)=0.25

where: St Stanton number

ho = shell-side heat transfer coefficient
Ps = slurry density

Cps = slurry heat capacity

v = superficial gas velocity

Béta = Deckwer proportionality constant = 0.10
Reg = slurry Reynolds number = vg*do*ps/Ms
Frg = slurry Froude rumber = v /?g‘do)

Prg = slurry Prandt] number = pig*Cpg/kg

Ks = slurry viscosity

g = gravitational acceleration

kg = slurry thermal conductivity

do = tube outside diameter

A comparison of the predicted and measured slurry side coefficients are shown
in Table IV.9. The average absolute error was 18% and again, with the
exception of the low production cases E-8.9, 32, and 34, none of the errors
exceeded 36%. The predictions of the heat transfer coefficients, using the
Sieder-Tate and Deckwer correlations, were judged accurate within the range of
uncertainty of the plant data.

The predicted shell side heat transfer coefficients are plotted versus the
superficial gas velocity in Figure IV.8. These curves are based upon the
average CO-Rich feed gas conditions at 482°F and 750 psig and are approximate
for the other feed compositions and pressures. The predicted coefficients
ranged from 200-to 220 Btu/hr-ft2-°F at 0.10 ft/sec, to 340 to

370 Btu/hr-ft«->F at 0.80 ft/sec for slurry concentrations of 30 to 50 wt%
oxide. The measured coefficients for the 482°F reactor temperature cases are
also plotted in Figure IV.8 and are generally within 25% of the predicted
values.

5. Post Run Inspection

Run E-8 ended on 28 February 1989. This concluded over six months of
continuous operation at the LaPorte LPMEOH PDU. This six-month period covered
three different runs: Run E-6--the alternate catalyst run from 8/25/88
through 9/01/88, Run E-7--the catalyst activity maintenance vun from 9/01/88
through 1/10/1989, and Run E-8--the process variable scan run from 1/10/89
through 2/28/89. At the conclusion of Run E-8 the reactor, oi} separation
section, and slurry pump were opened and inspected. The down stream methanol
vessels were not opened.

Overail, the PDU was in good shape. As was suspected, the 27.10 demister
suffered the same damage as during Run E-5. The demister was dislodged,
s1ightly crushed and plugged with catalyst. The internal heat exchanger and
sparger were fouled more than at the end of Run E-5 but both were functional
and in good condition considering the high concentration (50 wt%) tests
0710c¢ -53-



Table IV.9

RUN E-8
27.10B INTERNAL HEAT EXCHANGER COEFFICIENTS
(Btuw/hr ft2 °F)
Slurry Cone. Qverall Coefficient Slurry Side Coefficient
Case (wt% oxide) Predicted Measured Pct. Error Predicted Measured Pct. Error
E-8.1 453 79.5 73.8 -7.2 308.0 237.2 -23.0
E-8.2 49.6 81.0 75.0 74 3145 240.3 -23.6
E-83 50.0 78.9 74.2 59 257.1 213.6 -16.9
E-8.4 45.6 78.3 73.2 -6.5 252.7 206.5 -18.3
E-8.5 421 75.5 70.6 -6.5 262.1 211.3 -19.4
E-8.6 41.1 80.4 76.7 4.6 306.6 259.0 -15.5
E-8.7 411 78.5 74.0 -5.7 297.4 241.6 -18.7
E-88 404 78.3 74.2 -5.1 2491 2125 -14.7
E-8.9 375 86.1 74.4 -13.6 308.5 197.1 -36.1
E-8.11 36.5 825 82.0 -0.6 302.5 295.7 -2.2
E-8.12 36.5 80.0 794 -0.7 260.7 2549 2.2
E-8.13 37.0 83.0 83.6 0.7 320.1 328.8 2.7
E-8.14 36.5 76.1 749 -1.6 2165 206.2 -4.3
E-8.15 33.2 84.0 80.8 -3.8 204.5 259.0 -12.0
E-8.16 322 73.6 67.4 -84 259.0 195.7 -24.4
E-8.17 33.7 80.0 83.2 4.1 296.5 347.2 171
E-8.18 36.0 81.0 824 1.7 264.5 279.5 57
E-8.19 36.4 79.1 83.4 54 262.3 318.5 20.3
E-8.20 36.8 75.8 809 6.8 250.0 3159 26.4
E-8.21 35.8 82.8 84.7 23 301.6 3288 9.0
E-8.22 34.8 829 86.0 38 301.3 347.4 15.3
E-8.23 35.8 80.7 82.1 1.7 288.8 3079 6.2
£-8.24 35.8 81.5 84.1 3.2 301.1 340.3 13.0
E-8.25 37.0 78.3 79.1 1.1 289.2 300.9 4.0
E-8.26 36.2 853 80.3 -5.9 304.8 249.0 -18.3
E-8.27 373 83.5 80.2 -4.0 293.1 256.0 -12.7
E-8.28 35.5 83.1 84.7 1.9 301.0 322.6 7.2
E-8.209 359 84.2 77.2 8.3 301.6 227.7 -24.5
E-8.30 36.3 79.2 86.3 8.9 255.0 3458 35.6
E-8.31 35.2 855 86.1 07 304.0 311.7 25
E-8.32 36.6 78.7 53.8 -31.7 215.2 84.9 -§5.9
£-8.33 356 ) 83.4 85.2 2.1 302.0 3259 79
E-8.34 37.6 82.0 948 15.6 2758 503.8 82.7
Average Error 57 18.1
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Figure IV.8
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Table IV.10

RUNS E-6,7,8 CATALYST INVENTORY ACCOUNTING

Estimated Catalyst Oxide Inventory (Ibs) Cummulative
27.13 & Piping Removed
Date 27.10" 28.30 Si. Loop & Misc (Ibs} Comments
8/22/88 2545 Initial charge to 28.30
8/24/88 1157 1320 68 68 Ibs of residual slurry washed from 28.30
8s23/88- 1187 1263 48 77 9 samples pulled trom 27.10
8/31/88 43 bs lost to piping, demister and vessel walk
6/25/88 1157 1216 47 48 ” 1215 ibs transferred from siurry loop to 28,30
9 Ibs lost in 27.13
24 1bs lost in slurry pump cavity
14 1bs lost In slurry loop piping
8/28/88 1069 1216 135 48 7 88 Ibs transferred from 27.10 to 27.13
8/31/88 887 1216 317 48 77 182 Ihs vansterrad from 27.10 10 27.13
8/31/88-. 867 1216 317 [ 80 3 samples pulled trom 27.10
10/3/88 17 Ibs lost to piping, demister and vessel walk
10/3/88- 853 1213 317 77 85 3 samples pulied from 28.30
12/29/88 : 2 sampies pulled trom 27.10
12 Ibs lost to piping and vessel walls
12/29/88 391 1213 778 77 85 462 Ibs ransferred from 27.10 to 27.13
12/29/88 937 667 779 77 85 546 lbs ransferred from 28.30 to 27.10
1/10/89 1247 356 779 77 86 311 Ibs transferred from 28.30 to 27.10
1 sample pulled from 27,10 on 1/5/00
1/16/89 1166 437 779 7 86 81 Ihs transferred from 27.10 to 28.30
1/18/89 1012 591 779 7 86 154 Ibs transferred from 27.10 to 28.:30
1/23/89 882 72 779 77 86 130 lbs ransferred from 27.10 to 28.30
1/25/89 794 809 779 ” 86 88 Ibs transtermed from 27.10 to 28.30
1/27/89- 781 809 779 90 86 13 Ibs lost to piping and vessel walls
1/30/89
2/2/89 781 1541 47 90 86 732 lbs ransferred from 27.13 to 28.30
2/8/88 781 41 47 S0 ' 586 1500 Ibs drained from 28,30 to 12 drums
/2789 563 259 47 90 ' 586 218 Ibs transferred from 27.10 to 28.30
2/28/89 0 822 47 90 586 27.10 drained o 28.30
/1789 0 43 47 90 2365 779 lbs drained from 28.30 to 12 drums
Total Estimate 2545 Total of Estimated inventories
Actual Found 0 14 47 20 2356
2507 Acwal Total Catalyst Found:
38 Ibs of catalyst unaccounted for

* Note: The catalyst soliis accumulated on the 27.10 Reactor walls

and internals is induded under Piping & Misc.

™
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performed during the PVS runs and the long time on stream. The equipment
downstream of the reactor was in excellent shape. The 27.14 Secondary V/L
Separator and the 27.14 demister were both clean and in good working
condition. The slurry loop (27.13 Primary V/L Separator and 10.50 Slurry
Pump) had the same accumulation of slurry as was seen in previous runs.

The following section is a detalled description of the condition of each plece
of equipment at the time of inspection and the history of the catalyst over
the six months of operation. Table IV.10 is the accounting of catalyst
inventory over the last three runs. Overall, 2356 lbs of the original 2545 1b
catalyst oxide charge was drained to drums or sampled, and 151 1bs were
identified during the end of run vessel inspections. Only 38 1bs (1.5%) of
the catalyst charged in August 1988 were not accounted for.

27.10 Reactor

The top head of the reactor was removed on 2 March after the reactor was
drained and purged with nitrogen. The demister was in nearly the same
condition as it was at the end of Run E-5, dislodged from its original
position. Two to three inches of the demister were hanging below the
support brackets and was compressed about one inch. It is estimated that
15 1bs of catalyst were lost on the demister. The performance of a
demister in this service was generally unsatisfactory and should not be
considered for a commercial design.

The top walls of the reactor (liquid level to top head) were found to be
caked with as much as 1/2 inch of slurry. This was more than at the end
of Run E-5 and is probably attributabie to the length of this last run.

The internal heat exchanger was fouled more than in the previous run, but
was in good shape, considering the high slurry concentrations achieved
during a number of the PVS cases.

The sparger and the bottom head of the reactor were in excellent
condition. There was about a 1/4 to 1/2 inch buildup of slurry on the
sparger but it appeared to be open and functional.

The slurry inlet line from the 10.50 pump to the reactor was completely
piugged with 65 wt% catalyst from slurry valve, V1509-S, to the slurry
inlet nozzle.

The gas inlet 1ine had a 1/8 inch coating of slurry from the gas shut off
valve, HV-150-2-S, to the reactor inlet. During every shutdown, gas is
shut off using valve HV-150-2-S and the 1ine begins to fiil with slurry.
When gas flow is started the majority of the slurry is returned to the
reactor leaving behind only the thin coating on the surface of the pipe.

In addition to the loss of catalyst to the demister, an estimated 79 1bs
of catalyst was lost on the reactor walls and internals.

27.13 Primary Vapor Liquid Separator

The 27.13 manway was opened and 8 1bs of slurry with a somewhat reddish
color was found. The walls were slightly coated with a black ofly

residue (less than 10 wt% catalyst). The vessel also had a slight odor
of methanol. Catalyst losses in this vessel were estimated to be 9 1bs.
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21.14 Secondary Vapor Liguid Separator

The 27.14 was found to be in excellent condition. The bottom 10 inch
flange was removed and no significant catalyst buildup was observed. The
27.14 demister, installed after Run E-5, appeared to be undamaged and
free of catalyst buildup.

Only 18 1bs of slurry were recovered from the vessel and it was estimated

0710¢

that 5 1bs of that was catalyst.

The standpipe at the bottom of the 27.14, originally intended to prevent
solids from leaving the 27.14, was removed before the bottom fiange was
reinstalled.

21.10 Feed Product Exchanger

The feed product exchanger was opened and found to be clean and free from
catalyst buildup. The tube sheet had a very thin coating of black oil
and all heat exchanger tubes were unplugged.

10.50 Slurry Pump

The slurry pump was opened and found to be in the typical shutdown
condition. Five gallons of slurry were found in the pump cavity and a
small amount of slurry was on the rotating blades. Some of the slurry
was a green color.

The pump was cleaned by hand and 52 1bs of roughly 45 wt% slurry was
recovered, accounting for 24 1bs of catalyst.

The prep tank was examined three times during this six-month period. The
first examination was on 24 A 1ust 1988, while reduction (ER-05) was
under way. It was necessary - wash the prep tank at this time to use it
for catalyst storage during - i E-7. An estimated 68 1bs of catalyst
were lost during this initial washing of the pren tank. ‘

The prep tank was drained on 2 February 1989 and 4563 1bs of slurry were
recovered. It was estimated that the catalyst concentration was 33 wt%
as oxide. Therefore, roughly 1500 1bs of catalyst were recovered.

The prep tank was drained a final time on 1| March 1989 and 2072 1bs of
slurry at 37.6 wt% were recovered. Thus, an estimated 779 1bs of
catalyst were recovered at end of run.

A final inspection of the prep tank at the end of the run indicated that
14 1bs of catalyst remained in the prep tank after draining.

27.12 Slurry Carryover Surge Pot

The oil return 1ines from the 27.12 to the 10.52 011 Makeup Pumps and the
reactor were opened. There was about 1/4 of an inch of slurry that had
settled out in the piping. It is estimated that 5 1bs of catalyst were

lost in this piping. This accumulation was much more than was seen at the

end of Run E-5, but again, the length of these runs is the 1ikely cause.
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V. IN-SITU ACTIVATION WITH SYNGAS RUN E-9
A. Introduction

The final 10-day run of the LP-III program used a fresh batch of the alternate
catalyst. The main objective of this run was to demonstrate a simplified
procedure to activate the catalyst with dilute syngas in place of dilute
hydrogen and without the use of the slurry circulation pump. These process
simplifications have the potential to significantly impact commercial capital
and operating costs. The activation was followed by a small series of process
variable studies designed to evaluate the effectiveness of the activation
procedure and further expand the operating experience base of the LPMEOH
slurry reactor.

B. In-Situ Catalyst Activation with Syngas

The catalyst activation ER-6 was accomplished using dilute syngas in place of
hydrogen and without the use of the slurry pump for recirculation and mixing.
The procedure was based on the successful methods developed in the laboratory
program under Subtask 3.3. Use of syngas avolds the necessity for having
separate hydrogen availlable for activation purposes.

A batch of 41 wt% (oxide base) slurry using F21/0E75-43 catalyst and
Drakeol-10 ofl was mixed in the slurry prep tank and pressure-transferred to
the reactor. The catalyst oxide siurry was fiuidized in the reactor by using
a nitrogen purge. The reducing gas was blended from 3.5 mol% CO-Rich gas and
96.5 mol% nitrogen and then fed to the reactor in place of the purge
nitrogen. The catalyst activation Run ER-6 procedure began at 1000 un 16
March 1989. The entire activation procedure went smoothly ard was completed
on schedule at 1600 on 17 March. Run ER-6 was clearly the simplest and most
uneventful of any PDU catalyst activation to date. Further details of the
catalyst activation are presented in the Run Chronology (Table V-1).

C. Methanol Synthesis Operation

Run E-9 consisted of a series of eight different process conditions or cases.
The length of the operating period and the majority of the cases were chosen
to evaluate the effectiveness of the activation procedure. In addition to the
baseline evaluation runs, four cases (B, D.1, D.2 and F) were included to
further expand the operating experience base of the LPMEOH siurry reactor.
Case B tested the methanol productivity on a Lurg! type gas feed at a high
space velocity and cases D.1 and D.2 examined the effect of water injection on
reactor performance. Case F was planned to test the maximum attainable
superficial inlet gas velocity to the slurry reactor. The feed gas types
tested in Run E-9 were previously defined tn Table IV.1. The nominal
operating conditions for Run E-9 are shown in Table V.2.
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16 Mar 89

17 Mar 89

Time

1500

1700

1900

0830

0900

1000

1100

1400

1745

2345

0900
0945

1000

1450

1530

1600

Table V.1

LAPORTE LPMEOH LP~III
CATALYST ACTIVATION RUN ER~06 CHRONOLOGY

Cumulative Time
On Reduction
Gasg (hours)

Notes an. Jbservations

24.0

28.8

29.5

30.0

Pumped 164 gals (1164 lbs) of oil into
the 28.30 Slurry Prep Tank.

Began locading 822 lbs. of F21-0E75/41
catalyst into the 28.30 to make a 41
wt% catalyst slurry. ‘

Completed catalyst loading and began
stirring the slurry under nitrogen.

Slurry sample pulled from 28.30 Slurry
Prep Tank.

Catalyst slurry transferred from the
28.30 Slurry Prep Tank to the 27.10
Reactor. 51 gallons of o0il was pumped
into the 28.30 and transferred to the
27.10 as a vessel and line flush.

Nitrogen feed taken out of reactor.
Began feeding reduction gas to the
reactor. Side note: the slurry inlet
bubble cap was removed from the
reactor.

Catalyst reduction temperature ramp at
a rate of 15°F/hr started. The reactor
conditions are: T=200 °F, P=100 psig.
Reduction gas flow rate at 16,000 SCFH.

The reduction gas uptake by the
catalyst looks very good. No trouble
maintaining the uptake above the
standard curve.

Slurry sample pulled from 27.10
Reactor.

Reduction ramp ended at 392°F. The
reduction gas uptake by the catalyst
was 5% above the minimum target value.
Begin the 10 hr hold period.

Added 40 gal of oil to 27.14.

Slurry sample pulled from 27.10
Reactor.

Started temperature ramp to 464°F at a
rate of 15°F/hr.

Final reduction ramp ended at 464°F.
Begin 1 hour temperature hold.

Slurry sample pulled from 27.10
Reactor.

Catalyst reduction complete. Reduction
gas flow to reactor stopped. Reactor
fluidized with low flow of high
pressure N,. Activation appears
completely successful.
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TABLE V.2
NQMINAL TARGET RUN CONDITIONS FOR RUN E-9
Space Gas Sturry  Slurry

Run Pres. Temp. Vel. Vel. Conc.  Height

No. Gas Type psig _°C  L/hrkg ft/sec _wt. % % Comment

A CO-Rich 750 250 13000 0.5 35 100

B G. Plains 750 250 13000 0.5 35 100

C.1 CO-Rich 750 250 5800 0.2 35 93

C.2 CO-Rich 750 250 5000 0.2 35 93

D.1 CO-Rich* 900 250 5100 . 0.2 35 g1 Water Inject.
D.2 CO-Rich* 750 250 10200 0.4 35 100 Water Inject.
E CO-Rich 750 250 10100 0.4 35 100

F CO-Rich 750 250 17500 0.7 35 100 Max Gas Vel.

"~ Note: * CO-Rich gas feed with water injection

The transition from reduction gas (ER-6) to synthesis gas (E-9) was
troublesome but manageable. The initial low reactor feed flow rates resulted
in nonuniform temperature and gas holdup profiles within the reactor. When
the feed flow was increased to 40,000 SCFH, both the temperature and gas
holdup became uniform and the catalyst activity increased substantially. At
this higher feed flow, however, the liquid/vapor interface at the top of the
slurry level became indiscernible with the nuclear density gauge, although
this feed rate was only 20% of the maximum feed rates which had been
previously achieved successfully.

The feed rate was continually increased to the target rate of 148,900 SCFH
without the appearance of a vapor/liquid slurry interface. The gas holdup at
these flowrates was approximately 50+ vol%. Samples from the 27.17
Intermediate 011 Separator showed that there was substantial slurry carryover
from the reactor. Methanol samples, however, were clear, indicating that the
apparent frothing behavior in the reactor was not occurring in the 27.14
separator. At this point the feed rate was reduced to 30,000 SCFH, which
resulted in the formation of a distinct vapor/liquid interface while
maintaining uniform temperature and gas holdup profiles within the reactor.

A subsequent reactor shutdown test indicated that only 605 1bs of the original
822 1b catalyst charge were still in the reactor. The catalyst concentration
in the slurry had dropped to 28 wt% oxide. A decision was made to slowly
bring the reactor feed flowrate back to the target level, while maintaining
11quid level and a clear vapor/liquid interface in the reactor. Pumping the
oil/slurry mixture back to the reactor, to maintain liquid level as the
process of1 normally evaporated in the reactor, would allow the solids carried
over into the 27.14 separator to be returned to the reactor.

011 samples from the 27.14 separator were clear of catalyst within 24 hours of
beginning to return ofl to the reactor. A shutdown test showed the catalyst
inventory in the reactor was 667 1bs (82% of the expected amount) and that

150 1bs of catalyst had been lost, either in this frothing period or during
the catalyst activation procedvre. The stable operating conditions were

34.6 wt% catalyst oxide at a gas holdup of 42.6 volik. Post run inspections
were able to account for approximately 120 1bs of the displaced catalyst.
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The remainder of the operations were uneventful and executed according to
plan. The water injection tests were accomplished by injecting preheated
dejonized water directly Into the reactor feed gas. The water was pumped to
reactor pressure using the 10.56 utility pumps and was preheated in a portable
heat exchanger using 600 psig steam. The PDU accumulated 330 hours of
methanol synthesis operation during the in- situ catalyst activation run E-9.
Table V-3 1ists the Run Chronology for the operating period of the run.

In addition to the eight process conditions, Run E-9 included & reactor mixing
study operating period using a radioactive MnpO3 1iquid tracer. The

details and results of that work have been previously published as a DOE
Topical Report entitled "Task 2.3: Tracer Studies in the LaPorte LPMEOH PDU"
and are not discussed here.

D. Discussion of Results

1. alyst Activation

The cumulative reduction gas uptake for syngas catalyst activation Run ER-6 is
shown in Figure V-1. Both the reduction gas uptake versus time and cumulative
reduction gas uptake were excellent for this run. The targeted uptake value
(2.58 SCF/1b cat) being obtained after only 10 1/2 hours.

The increased rate of reduction gas uptake at temperature is best 1llustrated
by comparison with the previous hydrogen activation, ER-5, done in August
1988. Figure V.2 shows how the nature of the reduction improved dramatically
for this run. This simplified reduction procedure, without the use of the

slurry pump, was very successful as demonstrated in subsequent product\on
tests. '

Inttial startup data, however, indicated the possibility of catalyst carryover
during the activation. The reduction gas vent civcuit was therefore examined
for siurry carryover following the PDU shutdown at the end of Run E-9.
Catalyst slurry was found both in the reduction gas vent lines and in the
15.91 Flare Header Knockout Pot. Approximately 100 1bs of catalyst are
estimated to have been lost during the course of the ac: vation procedure.
This would not significantiy effect the reduction gas uptake calculation,
however, since it 1s expected that the majority of this loss occurred later in
the activation, near the end of the procedure. It is recommended that the
reduction gas superficial velocity be reduced and that s\urry carryover be
closely monitored for future activations.

2. ons

The cause of the initial 48-hour period of unstable operations is not known,
however, two possible explanations are 1) the feed gas rates were increased
too rapidly, and 2) there was a typical unstable operating (or conditioning)
period at the beginning of the methanol synthesis operation. The feed rates
were increased fairly quickly to the reactor in spite of the lack of a clear
Tiquid level. This was done initially to stabilize the reactor temperature
and gas holdup profile. In retrospect since the temperature profile could
have been easily managed below 482°F, it may have been better to operate
longer in the nonuniform reactor mode and only slowly introduce the feed gas
as the top of the liquid level stabilized.

The second possibility of a short initial conditioning period is consistent
with the observations at the beginning of Runs E-6 and E-~7 in August and
September 1988. A gradual change in slurry properties occurred over the first
0710c¢ -6~



Date

S ezt

17 Mar 89

1715
1725

1825

1830

1935

1945

2015

2030

2150

2230

Cumulative Time

TABLE V.3

RUN _E-9 CHRONOLOGY

On Production

Gas (hours)
0

1,

63

Notes and Observations

Syngas started to reactor. Feed gas
once through to purge nitrogen. Raising
reactor pressure. Start of Run E-9.

Methanol detected in reactor effluent,

Target reactor pressure and temperature
obtained at P=750 psig, T=483°F,
Syngas flow rate at 25,000 SCFH.

Nitrogen in fresh feed down to 1 mol%.
Recycle started. Began increasing feed
to reactor.

High level alarm in 27.14 Intermediate
0il Separator and reactor level high
{213 inches). No o0il return flow to
reactor. 46.5 gallons of oil drained
from 27.14. 0Qil is clear.

Reactor effluent sample shows 13.8 mols%
methanol.

Feed gas flow rate to reactor at 36,064
SCFH. Temperature and gas holdup
profiles are non-uniform across
reactor. Average slurry temperature is
470°F. No clear interface designating
a slurry level can be detected. Gas
holdup in the freeboard region appears
to be 50+ volk.

Reactor feed rates are raised from
40,000 SCFH to 100,000 SCFH. The
temperature prufile became uniform
across the reactor (480 °F). The PDU
pressure collapsed from 750 psig to 700

psig.

Reactor feed rate reduced to 50,000
3CFH to regain reactor pressure.
Reactor pressure back to 750 psig.

Reactor feed rate at 148,900 SCFH. Gas
nholdup approximately 50 vol%. A slurry
level can not be found in the reactor
as the NDG readings show frothing in
the entire reactor. It is suspected
that slurry is being carried over into
the 27.14. Gas holdup across the
reactor is non-uniform

Product Methanol flowing to 28.10
Storage Tank.



Date

18 Mar 89

19 Mar 89

3
[

i

0045

0600

1000

1100

1700
2400
1130

1600

1815

2030

Cumulative Time
On Production
(hours)

Gas

TABLE V.3

RUN_E-9 CHRONOLOGY

Notes and Observations

9

.7

13.2

17.2

18

.2

24.2

31.1

42.

47.

49.

51.

Y

4

Samples pulled from the 27.14 and 27.12
are loaded with catalyst, confirming
catalyst carryover. Methanol samples
from the 22.10 Product Separator are
clear. The slurry carryover has
stopped at the 27.14,.

Reactor feed rate is dropped to 30,000
SCFH in an attempt to find a -learly
defined slurry height. A hi-n slurry
level is indicated by the t¢ erature
profile in the reactor. S1. v
temperature profile remainec .niform
with height.

Slurry level is at design height of 211
inches. Began returning oil to reactor
from 27.14 to maintain level. Reactor
under normal operating conditions. Both
gas holdup profile and temperature
profile are uniform across the reactor
height..

Slurry sample pulled from 27.10
reactor.

Began bringing reactor feed rates up to
75,00, SCFH.

Reactor feed rates at 75,000 SCFH.
27.14 return oil sample is clearing up.

Began bringing up reactor feed rates to
148,900 SCFH.

All flow (148,900 SCFH) into reactor.
Reactor is stable. 0il sample from
27.14 is clear. Reactor Conditions:
750 psig, 482 °F.

27.10 Reactor shutdown test shows 667
lb of catalyst in reactor. Down from
822 1lb in the initial charge.

Inspected 15.91 Flare Knockrut Vessel.
Approximately 20 gallons of thick
slurry is drained from the vessel. It
is determined that approximately 105 1b
of the 155 1lb of lost catalyst can be
attributed to carryover into the 15.91
Flare Gas Knockout circuit during
reduction. The balance of catalyst (50
lb)} is determined to be credited to
dropout in the oil circuit and loss in
the slurry samples,.



Date
20 Mar 89

21 Mar 89

22 Mar 89

23 Mar 89
24 Mar 89

25 Mar 89

0930

1235

0300

0900

0930

0600
0740

1900

1600

1800

2300

TABLE V.3

RUN E-9 CHROWNOLOGY

Cumulative Time
On Froduction

Gas _(hours)
65.8

71.8

88.3

91.1

105.5

111.5

112.0

132.5
158.2

169.5

180.5

192.5

197.5

65

Notes and Observations

Slurry sample is pulled from 27.10
Reactor.

Sample frum 27.14 shows 7.9 wtd
methanol in the condensed oil.
Methanol product is 0.12 wt% oil. The
inlet temperature to the 27.14
Intermediate Separator is moved up to
280°F from 270°F to avoid methanol
knockout.

27.10 Reactor shutdown test verifies
3/19/89 shutdown test results. The
catalyst inventory is stable.

Methanol product is rerouted to 22.16
Day Tank from Storage Tank.

Product flow returned to the Storage
Tank. 2112 gallons of methanol is
isclated in the 22.16 Day Tank for
future testing.

27.14 o0il samples still show high
methanol concentration. The iniet
temperature to the intermediate
separator is moved up to 300°F from
280°F to reduce methanol in the
condensed oil.

27.14 Intermediate 0il Separator
temperature increased to 300°F.

Plant has very stable operations.

Changed feed composition to Great
Plains gas in preparation for Case B.
Stable operation.

Begin Case B. Nominal conditions are
Great Plains gas, 13000 S1/hr kg,
482°F, 750 psig, 35 wt% cat ox.

End of Case B. Switched feed
composition back to CO-rich gas at
50,000 SCFH,

Slurcy allowed to thicken to increase
crtalyst concentration. Feed gas flow
et 70,000 SCFH.

Begin Case C.1. Nominal conditions are
Co~-Rich gas, 6000 Sl/hr kg, 482°F, 750
psig, 35 wt% cat ox.



Date
26 Mar B89

27 Mar 89

28 Mar 89

29 Mar B9

lime
1300
1330

1600
1100
1110

1150
1230
1350
1800
1830

2230

1200

1330

14590
1800

1540
1600

Cumulative Time
On Production

Gas

TABLE V.3

RUN E-9 CHRONOLOGY

ours

211.
.0

212

214
233

233.

234,

235,

236.

240.

241 .

245 .

258,

260.

261.
264.

S

.5
.5

7

<

286.2

286.

5

66

Notes and Observations
End of Case C.1.

Feed gas flow dropped to 57,500 SCFH
for Case C.2.

Reactor lined out for Case C.2.
End of Case C.2.

Began water injection test at 1.5 gph
(0.5 mol%). Feed target is 1.5 mol$
H,0. CO concentration in reactor
outlet immediately begins to drop.

Raising water flow to 3.6 gph (1.0
mol%).

Water injection increased to 6.5 gph.
Visible drop in CO in reactor outlet
with H20 addition steps.

Operating temperature for the 27.14
Intermediate Oil Separator decreased to
280°F,

Begin Case D.l1. Nominal conditions are
CO~-Rich gas with 1.5 mol% water
injection, 5000 Sl/hr kg, 482°F, 750
psig, 35 wt% cat ox.

Injection of water has lowersd gas
holdup approximately 1 vols.

Raising fresh feed rate to lowe CO, in
recycle.

Water injection Case D.1 ended. Bypass
installed on steam trap to increase
injection temperature.

Plant back on line with 2 mol% H,0
injection.

wWater injection increased to 11 gph.

No corresponding improvement in
production with water injection
increase. Feed flow changed to 115,000
SCFH. Begin Case D.2. Nominal
conditions are CO-Rich gas with 2 mol%
water injection, 10,000 S./hr kg,
482°F, 750 psig, 35 wth% ¢ - ox.

Isclated a slurry sample.

Water injection Case D.2 .ded.



30 Mar 89

31 Mar B89

1900

1200

2230

2315

0600

1200
1215

TABLE V.3

RUN E-9 CHRONOLOGY

Cumulative Time

On Producti

on

Gag (hours)

286.6

289.5

306.5

317.0

317.8

318.5

330.5
331.4

67

Notes and Observations

Water flow stopped. Constant reactor
conditions maintained to observe
production changes,

Begin Case E. Nominal conditions are
CO-Rich gas, 10,000 Sl/hr kg, 482°F,
750 psig, 35 wt% cat ox.

Baseline Case E ended. Feed flow
increased to 146,000 SCFH.

Beginning to bring feed up for maximum
superficial gas velocity case.

Gas velocity peaks at 0.72 ft/sec,
which corresponds to a feed rate of
205,000 SCFH. Methanol production will
be roughly 12.5 TPD.

Start of Case F. Nominal conditions
are CO-Rich gas, 17,500 Sl/hr kg,
482°F, 750 psig, 35 wt% cat ox.

Baseline Case F ended.

Reactor being shutdown. The end of run
E~9 and of PDU operations for the LP-
I1I contract. Shutdown procedures
begun.
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seven days of Run E-6 and the gas holdup continued to change for 20 days into
Run E-7. This variation in properties could be caused by a physical change in
the catalyst particles (eg. particle size degradation; catalyst surface
chemistry; surface or pore wetting) or a change in the process oi1 composition
(eg. increase in average molecular weight; increase fn dissolved methanol).

In either case, it appears to be only an initial startup phenomenon since this
behavior was not observed when over half of the catalyst inventory was
replaced in the addition/withdrawal tests at the end of Run E-7. The reason
for the increased impact at the start of this run, versus Run E-6, may be due
to some or all of the changes in the activation procedure prior to each of the
runs. Those are: 1) activation using dilute syngas versus dilute hydrogen,

2) internal circulation only versus use of the slurry pump, and 3) a 35 wt%
target slurry concentration versus 45 wt%k.

No further work was done to investigate these events. The possible causes are
I1sted above so that these parameters can be closely monitored (or tested)
during future PDU runs or during the initial startup of commercial facilities.

The PDU performed well following the 48-hour startup, and all of the proposed
test cases were comp eted. Maintenance to the 01.20 compressor prior to the
start of Run E-9 resu.ted in an increase in the output capacity which allowed
a supe-ficial gas velocity of 0.72 ft/sec to be tested as Case F. This was
accompiished successfully and extended the tested range of inlet gas

veloc: fes by 12%. The complete run summary is provided in ladie V.4 and the
detalled data acquisition sheets are included as Appendix B.

Figure V.3 shows the methanol productivity performance as a function of space
velocity. Although the distribution of the data is consistent with the
behavior predicted from autoclave experience, this was the first time that the
PDU results exceeded the laboratory results by over 20%. This is attributed
primarily to the enhanced performance of the partially back-mixed bubble
column reactor as compared to a well mixed autoclave reactor. This observed
behavior is believed real and not an artifact of measurement errors since the
measured catalyst j.ventory or methanol production rate would have to be in
error by 100% in order for the PDU data to be in agreement with CSTR autoclave
predictions.

Laboratory autociave results for water injection tests, performed under
Subtask 3.3, predicted that a 15-20% enhancement in catalyst productivity was
possible using water injection in the reactor feed gas. Two water injection
cases were completed as part of Run E-9 to verify this result at the PDU
scale. The first case, D1, was done with 1.82 mol% water in the reactor feed
gas at a dry space velocity of 5032 S1/hr kg ox. The second, D2, was done
with 1.33 mol% water in the feed at a dry space velocity of 10,084. Nominal
CO-Rich gas conditions were maintained at 482°C and 750 psig.

The PDU and the slurry performed well for this study. The gas holdup was
stable and uniform within the reactor and equivalent to the previous case
without water injection., The reactor feed contained 1.33 to 1.82 mol% water
but no water was det: -ed in the reactor effluent. This loss of water was
matched by a corresr. :ing increase in CO% and Ho, and decrease in CO.
Essentially, the wa:i¢ was being compietely shifted to CO;.

0710¢ =70~
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The catalyst productivities for these two cases (on a normalized dry space
velocity basis) are 2.9% higher than the identical conditions without water
injection (see Table V.5). This is significantly lower than the 15-20%
productivity enhancement that had been observed in the laboratory autoclave
study. This 2.9% increase in productivity can be predicted simply on the
basis of hydrogen enrichment in the reactor feed caused by the fast water-gas
shift reaction.

TABLE V.5
RESULTS OF WATER ADDITION TEST CASES

Case E-9: c.2 D.1 E D.2
Space Vel. (S1/hr-kg ox.) 5,018 5,126 10,148 10,220
Temperature (°F) 482 432 482 482
Pressure (psig) 753 753 - 7153 753
Water in Feed (mol %) 0.0 1.82 0.0 1.33
Meas. Productivity (gmol/hr-kg) 19.48 20.64 35.18 35.95
Normalized Prod. (gmol/hr-kg) 19.48 20.05 34.95 35.95

Change in Productivity
vs. Dry Feed Gas : 2.9 % 2.9 %

Lab Data Prediction of Change
vs. Dry Feed Gas 19 % -5%

Two possibie causes for the apparent discrepancy between the laboratory and
PDU results are: 1) The lab study used a low copper catalyst, F21/0E75-44, and
a high copper catalyst, F21/0£75-43, was used at the PDU. The two catalysts
could respond differently to water. 2) At a 5,000 space velocity, the PDU
bubble column behavior is equivalent to three stirred reactors in series
versus the laboratory CSTR configuration, which results in a higher conversion
at similar conditions. This tight approach to equilibrium might be masking an
enhancement which would be significant on an older or less active catalyst.

3. Product Methanol Composition

The product methanol compositions for all of the cases in Run E-9 are shown in
Table V.6. Once stabilized, the methanul purity varied from 95.03 to 98.59
wt% and averaged 96.48 wt%k. The average impurities were 0.52 wt% water, 0.33
wt%Z oll, 0.75 wt % ethanol, 0.67 wtX higher alcohols and 1.24 wt% other
oxygenates. The concentration of mineral oil in the product varied from 0.12
to 0.57 wt%.

As in Run E-8, the concentration of higher molecular weight byproducts in the
methanol product increased with longer reactor residence times. The higher
alcohol and other oxygenates concentrations decreases from 2.3 to 1.2 wtk and
1.9 to 0.8 wt% respectively as the space velocity increased (residence time
decreased) from 5,000 to 17,500 S1/hr kg-ox.

0710c -73~




1.7

oice gt yeee A XA yeee 2 T4 8¢t ygee

60€°0 22e0 6vE0 1220 1220 12’0 88€'0 880
1200 1800 8,00 6400 ¥800 €800 LYVO LLVO
0000 SE0°0 SEC0 9€0'0 6¥0'0 c¥0'0 0it'0 0i4'0
0000 0000 0000 0000 0000 0000 8500 8S0°0
0000 0000 0000 0coC 0000 0000 €200 €200
14400 geLo 2210 veEL'o 05410 evto €0€0 £02°0
0000 9€00 SE€00 9€00 8€00 0v00 ¥eLo ¥eLo
2200 100 0£0°0 1E0°0 1200 €e00 2s00 2500
2600 ¥520 JAZAY FATAY 6820 920 2e90 2€90
00070 0000 0000 0000 0000 0000 €260 €200
8.20 2990 S¥90 2L90 8690 G120 vt vt
0000 6510 cslo 010 6410 1810 1020 1040
esto 8€60 020t gvoL  8v0'l Seo't 11 111 A8
810’0 yi00 G100 5100 9100 6100 180°0 1800
0Lv'0 8450 6450 2950 €250 TARY v.€0 $.€0
88566 [SL96 ©.996  €EL96 €196 €8/96 €00¥6 €00V

1onpaud JO M BRSO

1O
jouBWB -}

jouejuedos)
joueludd-£'§e
joyoote jAwe-§

joueINg-N
jouBINqOS}

joueIng-28§

jouedoid-N

ouedosd-os|

oueyy

ajeieoe AyIs
e1ewno} AyIs
18y jAyleun

191857
jOUBYIsN

{26iM) NOILISOGWOD 1ONAOHd TONVIHIIW

L'ee 6yt 6Vt gyt 9ve gyt 62t 082
€562t vi6ci g€68ct 98624 89621 08821 yis9 490€
0'ess 9¢SL Fest 61SL r4 %7 0'€sL S'EsL 0'ess
ocey g'i8y gi8y A4 14 ceev X414 9'tey £isy
suleldD WiH-09 WiH-00 W00 YPIH-00 YIH-OD WH-00 WiH-0D

00:91 0080 00:80 00:30 00:90 00:90 GO Li 00:04
62/G2/E0 69/¥2/E0 GB/E2/E0 68/22/E0  68/12/ED 68/02/60 68/61/€0 68/81/E0
0064 60:90 00:96 00:90 0090 00:91 00:¥¢ 00:10
68/2/E0 68/E2/E0 68/722/€0 68/12/E0 ©68/02/E0 68/61/€0 68/8L/€0 68/81/E0

863 I've3 9ove3d GSvVea vve3d EVe3d TVE3 1'Vve3

6-3 UNY [i(d SUOLE 10} Suonsodwiod oNPoid I0UBYISN
9-A I8Vl

(opix0 %) "uo) Aunis

(xo-1e0-B% JyAS) 'IOA Bdedg

"ON @§8)

(Bisd) ansssid

(5 Bop} simezedwe}

edA) seD

o) pu3
eleq pu3
ous) WelS
8leg VelS
:poudd eoueieg




174

P38} J0}oBa1 8Y} Ui UGB 181EM %ow G| “xoidde yum xuew seb yoiy-0D.

eeee lg2¢e 1e2e 89¢ce 192t 1A% ©npaid Jo 1M JejnosioN
c050 82’0 4820 8950 6.£0 svv'0 L8]
1800 ¥60°0 6,00 124 %Y ivt’o ¥2i'0 joueuad-i
L2800 €v0°0 LE0C 8900 €200 9900 jouejuedosj
00G'0 0000 0060 1500 800 cec00 louejued-£e2
6000 0000 0000 006G 0600 0000 joyodje jAie-}
eelo {510 8210 €120 6€20 (A AL louelng-N
£e0°0 e€¥0°0 9£00 4200 280’0 1200 foueINqos|
¥€0'0 cen’o 6e00 8r0°C 00 800 joueing-08g
252’0 »0€0 €520 SHv'o 60 Sev'o jouedaid-N
0000 0000 0000 6100 6100 0600 jouedoid-os|
05890 SLL0 6v9°0 8.0'% 991t ¥s0'L joueyia
cELo S0c0 991’0 gEero 69v'0 96€£°0 ejejade Ao
0.0 €860 0560 lee't iyl 9ee’i ejeuwio} [Ayleny
cioo S10°0 €100 €200 1200 ¥200 sayie JAyeung
£VS0 ov¥so 8290 eV 0 860 12¥0 islem
68,96 ©6€596 v¥.96 G60G6  G20G6  09E'SS joueyieN

(%M} NOILISOdWOD 10NA0Hd TONVHIIN

vve vve vve ¥se 0SE 2se (epixo %im) -ouol Aunig
(5 A1 810} 02201 azis 810G £68S (xo-1e2-By JynS) “18A 8oedg
1’82 0'eS. 0'es. 0'€SL 0'€S. 0€ss {Bisd) esnsseud
699 FAA* 4 028y 228y 9’18y 918y (4 Bop) einjesedwej
YoIH-02 YIIH-0D LUOH-0D .UMH-0D YIH-0D UdH-0D adA) sep
002t 0021 00:91 00:2i 00:L1L 00'€} ewt} pu3
68/1E/60 68/0E/£0 68/62/60 68/82/€0 68//2/€0 68/92/€0 ejeq pu3
00:00 60:61 0021 0085 00:cL 00:€2 sw} pweis
GE/IE/EC 68/62/60 68/82/€0 68/L2/60 68/92/£0 68/52/€0 eleg uels

: ‘pousd eousieg

46-3 362 &3 1'@6e3 TO63 1063 ‘ON €880

6-3 Und NQd SHO4E 10} SUoHISOdWOo?) 1ONPOid jouBYIe Ky



[ T TR I T Y T T T, Co

4. Reactor Internal Heat Exchanger

The overall heat transfer coefficient for the internal heat exchanger was
calculated from the Run E-9 utility oll data. No fouling factor was used for
the heat transfer coefficient calculations since the reactor internals had
been cleaned immediately prior to the start of the run. A comparison of the
predicted and measured overall coefficients indicated that the average

absolute error was 6.4% for the 12 stable operating cases of Run E-9. None of

the errors exceeded 13% (see Tible V.7).

The shell-side (slurry-side) heat transfer coefficient was backed out from the
overall coefficient using the same technique as described eariier for Run

E-8. A comparison of the predicted and measured slurry side coefficients are
also shown in Table V.7. The average absolute error was 25% with the maximum
error being 57%. The predicted and measured chell side heat transfer
coefficients are plotted versus the superficial gas velocity in Figure V.4.

TABLE V.7
RUN E-9

27.10B INTERNAL HEAT EXCHANGER COEFFICIENTS
(Btu/hr ft2 °F)

Slurry
Conc. Qverall Coefficient Slurry Side Coefficient
_Case (wt% ox) Predicted Measured % Error Predicted Measured % Error
E-9A.3 34.6 91.3 91.8 0.5 297.7 302.2 1.5
£E-9A.4 34.6 91.3 91.8 0.5 298.4 303.3 1.7
E-9A.5 34.8 93.0 103.8 Mn.7 298.6 449 .4 50.5
E-9A.6 34.9 93.3 103.8 11.3 298.5 442.0 48 1
E-GA.7 34.9 92.6 102.8 n. 298.3 439.6 47.3
E-9B 33.1 94.6 107 1 13.1 297.8 469.1 57.5
E-9C.1 35.2 89.0 87.8 -1.3 242.8 234.3 -3.5
£E-9C.2 35.0 88.2 87.1 -1.2 233.1 225.7 -3.2
E-9D .1 35.4 87.6 85.6 -2.3 233.0 219.4 ~-5.8
E-9D.2 34.4 91.0 99.8 9.6 279.7 383.3 37.1
E-9E 34.4 9t1.2 100.0 9.6 279.6 383.0 37.0
E-9F 34.4 93.9 90.0 -4.2 325.3 2821 =13.3
Average Error 6.4 25.5

Figure V.5 is a parity plot of the measured shell-side coefficients of the
reactor internal heat exchanger from Runs E-5 through E-9 for the Deckwer
correlation. The measured results are well correlated by the Deckwer equation
even though the data are generally out of the stated corvelated range. These
PDU results confirm that, with an appropriate uncertainty factor, the Deckwer
equation can be successfully used to predict the slurry heat transfer
coefficients for large scale LPMEOH reactors.
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Figure V.4
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Figure V.5
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5. Post Run Inspection

Run E-9 ended on 31 March 1989 after 14 days on synthesis gas. At the
conclusion of Run E-9 the reactor, oil separation section, and flare header
circuit were opened and inspected. In contrast to the previous run the
reactor was flushed with clean oil prior to vessel inspection to expedite the
cleanup. Overall, the PDU was very clean, as would be expected for such a
short run.

The top head of the reactor was removed on 3 April after the reactor was
drained, flushed with clean oll and purged with nitrogen. The top head, walls
and internals of the reactor were fairly clean with an approximate 1/16 inch
coating of dilute slurry. The only locations where there was any significant
buildup of catalyst was on horizontal surfaces.

The 27.14 Secondary Vapor Liquid Separator had no significant catalyst
buildup. The 27.14 demister appeared black but open confirming that some
slurry had carried over to this vessel and had impinged on the demister. The
inlet to the downstream 21.30 product condenser was ciean, however, indicating
the effectiveness of the demister.

The 15.91 Flare Header Knockout Pot and the flare header circult was
disassembled and as expected contained a large amount of catalyst slurry which
had carried over during the catalyst activation ER-6. Approximately 50 ibs of
catalyst were drained from the 15.91 and an unmeasured quantity was found in
the flare piping. A1l of the other equipment items were essentlally free of
catalyst slurry., Overall, 30 1bs of catalyst were unaccounted for at the end
post run inspection. -
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VI. CONCLUSTONS AND RECOMMENDATIONS

Run E-9 was the rompletion of PDU operations under the DOE LP-III contract
(DE-AC22-87PC90005). Overall, this was a tremendously successful series of
runs producing over 1/2 million gallons of methanol (1677 tons) during

212 operating days. The average production rate of 8 TPD exceed the PDU
design nameplate capacity of 5 TPD by 60%. As a result of these tests, the
LPM?OH technology is ready to be economically dem:znstrated at a commercial
scale.

The PDU pertformed very well over the wide range of process conditions 1isted
below in Table V.8 for the 64 operating days of Runs E-8 and E-9. Horthy of
special note are successful operations at siurry concentrations of 50 wt%
oxide, operation at inlet superficial gas velocities of 0.72 ft/sec and a
sustained production rate of 12.8 TPD. Five hundred and four tons of methanol
were produced with an average product ourity of 97.0 wt% methanol and 98.0 wt%
total alcohols. Total lost time was 21 out of 1546 hours for an overall 98.6%
on-stream factor.

TABLE V.8
RANGE OF OPERATING VARIABLES FOR RUNS E-8 & 9
Minimym Maximum
Reactor Pressure, psig 500 900
Reactor Temperature, °C 235 285
°F 455 545
Space Velocity, liter/hr-kg cat 2,100 17,500
Superfictal Gas Velocity, ft/sec 0.13 0.72
Catalyst Loading. wt% ox. 32 50
Slurry Level, % 64 100
, L/D 6.8 10.6
Feed Gas Composition
H2/CO Ratio 0.49 3.94
Céz Concentration (mol %) 0.94 18.09
H20 Concentration (mol %) -— 1.82
Methanol Production Rate (TPD) 1.4 12.8

Slurry heat transfer coefficients for the reactor internal heat exchanger were
measured for a the range of process conditions described in Table V.8 above.

A catalyst activation using dilute synthesis gas and without the use of the
slurry pump was accomplished and resulted in fully activated catalyst slurry.

The PDU equipment and vessels were in good condition following over six months
of continuous operations. Catalyst buildup was minimal on most surfaces and
heat exchanger fouling was very limited.
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Several recommendations can be made from the results of these operations:

- Future catalyst activations should be done with dilute synthesis gas
and without external circulation using a slurry pump. The
superficial gas velocity should be minimized and the catalyst
carryover should be carefully monitored. Recirculation of reduction
gas with water removal should also be investigated. The synthesis
gas should be introduced very slowly to the reactor immediately
following catalyst activation. Samples of the slurry should be
obtained at this time, 1f possible, in order to help identify the
cause of the reactor startup conditioning period.

- The Deckwer correlation is adequate to predict the shell-side heat
transfer coefficient in the reactor internal heat exchanger with a
shell-side fouling factor of 0.0015 hr-ft2-°F/Btu.

- Water injection does not substantially increase the methanol
production rate for fresh catalyst and CO-Rich feed gas conditions.
The potential for water injection to enhance the performance for
CO, lean gas reeds (eg. Shell type gas) should be verified in
future runs.

- A demister with clean oil backflushing is inadequate to eliminate
residual slurry carryover from the LPMEOH reactor and should not be
used in any future programs. The demister works very well however
to eliminate ofl mist carryover from the 27.14 011 Knockout Pot and
should be included in future design work.
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