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ACRONYMS AND ABBREVIATIONS

AFDU Alternative Fuels Development Unit, LaPone, Texas

AI203 Alumina
CGCC Coal Gasification Combined Cycle
CSTR Continuous Stirred Tank Reactor
CO Carbon Monoxide

CO2 Carbon Dioxide
Cu Copper
DME Dimethyl Ether
DOE United States Department of Energy
DVR Design Verification Review
GC Gas Chromatograph
°F temperature unit, degrees Fahrenheit

Hydrogen
LPDME Liquid Phase Dimethyl-Ether
LPMEOH Liquid Phase Methanol
MeOH Methanol

N2 Nitrogen
NDG Nuclear Density Gauge
PFD Process Flow Disgram
ppm pans per million, by volume
psig pressure unit, pound-force per square inch, expressed in gauge
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ABSTRACT

This report documents the engineering, modification, and operations efforts of the demonstration of
dimethyl-ether/methanoI coproduction in a slurry-phase reactor. The demonstration was carded out in
a 2 ft diameter bubble column reactor at the U.S. Department of Energy-owned Alternative Fuels
Development Unit (AFDU) in LaPorte, Texas, during April and May of 1991.

Several modifications were made to the existing plant to facilitate this demonstration. Old, unused
equipment was refurbished and commissioned. New equipment and instrumentation were also purchased
and installed. The equipment modifications made it possible to remove the product DME and by-product
CO2from the reactor effluent.

The coproduction of dimethyl-ether (DME) and methanol 0VIeOH) was accomplished in the slurry
reactor by physically mixing two different catalysts. The catalyst used to produce MeOH from syngas
was manufactured by BASF (type $3-86); the catalyst used to convert MeOH to DME was Catapal y-
alumina. The ratio of MeOH to DME catalysts determined the selectivity towards DME.

The AFDU demonstration sought to study the effect of cocatalyst ratio on product selectivity. Three
different proportions of DME catalyst were examined: 0, 6.6, and 19.3 wt% alumina. At each catalyst
proportion, the plant was operated at two different gas space velocities. Some process variables were
maintained at fixed conditions. The most important of these variables included: reactor temperature

(482°F), reactor pressure (750 psig), and reactor feed gas composition (35% I-t2, 51% CO, 13% CO s, 1%
other, nominal-molar basis).

The results from this demonstration were consistent with expectations based on prior laboratory work.
It may be concluded that, given a prior understanding of slurry hydrodynamics, the commercial scale-
up of DME technology is relatively straightforward.

(ii)



1. EXECUTIVE SUMMARY

This report documents the engineering, modification, and operations efforts directed towards the
demonstration of dimethylether(DME)/methanol coproduction in a slurry-phase reactor. The
demonstration was carried out in a 2 ft diameter bubble column reactor at the U.S. Department of Energy
(DOE) owned Alternative Fuels Development Unit (AFDU) in LaPorte, Texas.

I

This demonstration, conducted during April and May of 1991, was the first under Contract No. DE-
. AC22-91PC90018, "Development of Alternative Fuels from Coal Derived Syngas" between Air

Products and Chemicals, Inc. and the U.S. Department of Energy (DOE), with later participation by the
Electric Power Research Institute (EPRI). The engineering and modifications were pan of Task 1; the
actual demonstration was part of Task 2.

Several modifications were made to the existing plant to facilitate this demonstration. Old, unused
equipment was refurbished and commissioned. New equipment and instrumentation were also purchased
and installed. The equipment modifications made it possible to remove the product DME and by-product

CO 2from the reactor effluent. This, in turn, allowed the unconverted syngas in the reactor effluent to
be recycled, thereby maintaining appropriate circulation rates, as well as maximizing syngas utilization.

The coproduction of DME and methanol (MeOH) was accomplished in the slurry reactor by physically
mixing two different solid catalysts. The catalyst used to produce MeOH from syngas was BASF $3-
86; the catalyst used to convert MeOH to DME was Catapal ?-alumina. The ratio of MeOH to DME
catalysts determined the selectivity towards DME.

The AFDU demonstration sought to study the effect of cocatalyst ratio on product selectivity. Three
different proportions of 13ME catalyst were examined: 0, 6.6, and 19.3 wt% alumina. At each catalyst
proportion, the plant was operated at two different gas space velocities. Some process conditions were
fixed. The most important of these included: reactor temperature (482°F), reactor pressure (750 psig),

and reactor feed gas composition (35% I-Iv 51% CO, 13% CO2, 1% other, nominal-molar basis). As a
consequence of the demonstration method, less important process variables such as catalyst concentration
in the slurry, and slurry level varied somewhat.

Following plant recommissioning, the MeOH catalyst was activated in-situ with dilute syngas, the usual
technique. After completion of catalyst activation, the plant operated for five days at baseline conditions
making MeOH. After a few days the test data collection period began. Three data"points" were collected;
one at a space velocity (SV) of 5700 sl/kg-hr and two at SV=8900-9100. The MeOH production rate
was as expected.

Next, a precalculated portion of MeOH catalyst was withdrawn and an equal portion of alumina (by
weight) was added to bring the cocatalyst composition to 6.6 wt% alumina. Four data points were
collected: two at SV=5400 and two at SV=8900. The redundant data points were collected to check for '

o

performance degradation with time on-stream (there was none). The production of DME met expectations
while that of MeOH exceeded expectations somewhat. The selectivity, expressed as the ratio of DME

, to MeOH, was approximately 2/3 (by mole) at the lower space velocity and 1/3 at the higher space
velocity.



Once again, more reactor slurry was withdrawn and an equal portion of alumina (by weight) was added
to bring the cocatalyst composition to 19.3 wt% alumina. Three data points were collected at SV=5900,
SV=9500, and again at SV=5990. The production of DME fell slightly short of expectations while that
of MeOH met expectations. The selectivity, expressed as the ratio of DME to MeOH, ranged between
2.6/I and 1.8/I at the lower space velocity and 1.2/I at the higher space velocity.

The results from this demonstration were consistent with expectations based on prior laboratory work. tt]
However, there was evidence that the catalyst-blend has a greater tendency to settle-out than the MeOH

catalyst alone. This departure is probably more pronounced at lower gas velocities. Additional work in
this area is warranted. It may be concluded that, given a prior understanding of slurry hydrodynamics,
the commercial scale-up of DME technology is relatively straightforward.



2. INTRODUCTION

As partof theDOE-sponsoredcontract"Synthesisof DimethylEtherandAlternativeFuelsintheLiquid
Phase from Coal-DerivedSyngas" (ContractNo. DE-AC22-90PC89865), the single-step,slurryphase
DME synthesis process was developed. This developmentinvolved screeningof catalyst systems,
processvariablestudiesandcatalystlife studies--all carriedoutintwo300ml stirredautoclavereactors.

,

Conceived as a spin-off from the Liquid Phase Methanol (LPMEOH) process, the new process
, significantly improved the syngas conversion t,fficiency over that of the LPMEOH process. This

improvement was achieved by replacing a portion of MeOH catalyst with a dehydration catalyst in the
reactor, resulting in the product MeOH being converted to DME, thus avoiding the thermodynamic
equilibrium constraint of the MeOH reaction. A preferred catalyst system, consisting of a physical
mixture of a MeOH catalyst and a y-alumina, was identified. An improvement of about 50% in MeOH
equivalent productivity was achieved compared to the LPMEOH process. The details of the catalyst
development and optimization efforts have been documented elsewhere.I_lFollowing is an overview of
the current state of Air Products' slurry-phase DME efforts.

2.1 CHEMISTRY OF DME SYNTHESIS FROM Ha/CO SYNGAS

DME can be produced from syngas via a two-step reaction mechanism, In the first step syngas is
convened to MeOH:

2 1-12+ CO <==> MeOH (step 1)

In the second step MeOH is dehydrated to form DME:

2 MeOH <==> DME + 1-120 (step 2)

Both these steps m'ereversible and exothermic. At equilibrium, the MeOHproduction step is favored
by higher pressure; the DME step is pressure neutral. Each of these steps is catalyzed by a different
material: MeOH is produced using a mixed metal catalyst such ascopper-zinc on alumina, while DME
is produced using an acid dehydration catalyst such as alumina.

The MeOH catalyst used also exhibits activity towards the water-gas shift reaction:

1-120+ CO <_> CO2+ 1-12 (step 3)

Shift is necessary toincrease the hydrogen availability whenprocessing CO-rich synthesis gases (typical
of modem efficient coal gasification).

Multistep processes, which use separate reactors for each step, cannot exploit the potential synergy of
• the three reactions.If these three reactions are conducted simultaneously, MeOHsynthesis drives the

forward shift reaction, and DME synthesis drives both the MeOH and shift reactions. Consequently, a
. one-step proces._,is moreflexible and can operate under a wider range of conditions than a multistep

process. In addition, multistep processes require separate reactors, heat exchangers, and associated
equipment.



The production of DME has many potentially commercial benefits. First, synthesis of DME can lead to
higher syngas conversion per pass, improving the flexibility of co-producing power and clean liquid fuels
in Coal Gasification Combined Cycle (CGCC) power plants. 12)Second, mixtures of DME and MeOH
may have potential in the clean-burning oxygenated fuels transportation market, On-board generation
of DME has already been investigated by Karpuk and Cowley ta)as a means of improving MeOH's cold-
start characteristics. Finally, and perhaps most importantly, DME is a well-known intermediate in
processes for converting synthesis gas to liquid fuels and chemicals, a4,SjApart from being a precursor in
Mobil's MTG process, DME offers potential as a chemical building block to mixed ethers, currently
attractive as replacement octane blending agents in the U.S. gasoline pool.

2.2 LABORATORY RESEARCH---BASIC PERFORMANCE

For the laboratory work, commercially available catalysts were primarily used, although some novel
catalytic materials were also examined. All catalysts were activated according to the manufacturers'
recommended procedures. They were slurried in either degassed WITCO 70 or degassed DRAKEOL

10, food grade mineral oils which are primarily C_s-C31paraffins. Slurry concentrations varied from 15
to 30 wt% catalyst (based on the total weight of the slurry).

Initial screening studies were carried out on a number of catalyst pairs to identify the system with the
greatest activity and mutual physical compatibility, t6)The prototypical catalyst pair discussed here used
powdered BASF $3-86 to activate the MeOH and shift steps, and Catapal T-alumina for the dehydration
step.

A variety of process variable scans were conducted to characterize performance. Independent vmiables
included temperature, pressure, space velocity, feed gas composition, and catalyst proportions. The
dependent variables included productivity and selectivity. A summary of the range of process variables
is included in Tables 2.2-1 and 2.2-2.

TABLE 2.2-1
FEED GAS TYPES STUDIED

mill I I I I l I III II I II . II I I ---- IIIII I |1111 --_ III Ill

TYPE COMPOSITION (MOLE %)

H2 CO N2 CO_
...... .... iii iiiI iiii ii i ii ii , UI IIIIII _ I __ I ii , Ill'

DOW 41 41 2 16
SHELL 30 66 1 3
TEXACO 35 51 1 13

H2-RICH 74 15 ,4 7
BALANCED 50 50 0 0

-- II .... II III ii IIIII Ilia I I IIII Ill Ill I -- II IIIII III II ..... IIIII ill iiiml II III



TABLE 2.2.2
RANGE OF PROCESS VARIABLES

-- TII j J I IIII Jill! ___ I II I I III I IJl IIIII fl I III II I " I 111111111 I I I I I Jill IIITI .... _ --

VARIABLE RANGE
-- _ i iilllI ii iiifl ii ii _ iiiii i i ii ! i J l _ i ii i _ _ i iiiiiii i iii iiii iii ii _ i ---- _ -- _..---

i

Temperature 482-536 °F (250--280°C)
Pressure 750--1450psig

. Space Velocity 1,500-10,000 sl/kg-hr
Catalyst Proportion 0- 50 (wt% alumina)

II " IIII i IL II[llllfl I j I I II IIII _'- I I IIIII -- -- IIIIIIf [1111 I [ !111 III J I -_J I II _ -- L --

The characteristic behavior of Liquid-PhaseDME (LPDME)is contrasted withLPMEOH in Figure2.2-
1,which presents the CO conversion as a function of space velocity. The CO conversion in LPDME is
upto twice as high as thatin LPMEOH and muchhigher thantheequilibrium conversion achievable from
the MeOH reaction alone. Interestingly, thegap between DME equilibrium and the DME performance
curve indicates that there is still substantial room for catalyst itnprovement.

As one would expect, raising the reactor temperature increases the activity of both catalysts. However,
the rate of dehydration is more strongly affected by temperature, such that overall, DME selectivity
increases. This effect is illustrated in Figure 2.2-2.

Pressure has a pronounced impact on overall productivity. By increasing pressure, the f'trstof the two
sequential steps can be driven forward at a greater rate, resulting in increased productivity for both
components (see Figure 2.2-3). The response of selectivity to increasing pressure is dependent on space
velocity. At lower spacevelocity, selectivityto DME increaseswith in,easing pressure; at higher space
velocity, the reverseis true.

The relative proportionsof $3-86 and aluminahtwe a profound impact on pr_ess performance (see
Figure 2.2-4). As would be expected, increasingthe percentage of dehydration catalyst increases
selectivity to DME. In addition,at very low proportionsof alumina, increasing its relative amount
significantly increases the overallper-passequivalent MeOHprociuctivity(equivalentprczluctivityis
defined as productivityof MeOHplus twice the productivityof DME).Ifone continues to increasethe

max mumproportion of dehydration catalyst, the incremental increase in productivity slows until a i is
' n °reached. Beyond this point, co unued increases in thealuminaproportion result inreduced productivity.

The composition which corresponds to the maximumproductivity isafunction of pressure, temperature,
catalyst types, and syngas composition. Commercially, one must consider both selectivity and
productivity before deciding on the appropriatecatalystproportion. For the purposes of demonstrating
the scale-up in the AFDU, two particular alumina contents were chosen: one at relatively low alumina
content (6.6 wt%) to produce methanol as themajorcomponent, andtheother at ahigheraluminacontent
(19.3 wt%) to produce a DME-rich product at the maximum equivalent productivity.

0

The laboratory screening and process variable studies successfully identified the attractive operating
envelope for DME synthesis. A major question which cannot be resolved in mechanically stirred

' autoclaves is whether the dual-catalystsystem will remainhomogenized when agitated within a bubble
column reactor. Improper mixing and/or stratificationof the two catalysts will introduce mass trmasfer
resistance and reduce productivity. Other issues which areappropriatet()this technology include catalyst
preparation and handling,start-up, and shutdown.Finally, hydrodynamic data such asvaporhold-up and
catalyst agglomeration are important.
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Having established the feasibility of the slurry-phase coproduction of DME and McOH, m the next step
towards commercialization is to demonstrate that the technology can be scaled-up from mechanically-
stirred, bench-scale reactors to bubble column slurryreactors. The results of this scale-up effort arc the
subject of this report.

i
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3. PROCESS DEVELOPMENT AND AFDU MODIFICATION

Under previous contracts with DOE, Air Products and Chemicals, Inc. has operated a semi-works scale
high pressure bubble column reactor at DOE's AFDU in LaPorte, Texas. This facility is capable of
processing syngas of virtually any composition. Most recently, the plant demonstrated LPMEOH
technology at a maximum production rate of 12 tons/day of MeOH. m

As part of the current contract with DOE, modifications have been made to the plant to facilitate the
• demonstration of DME in the slurry phase. Most notably, unit operations were added to allow product

DME and co-product CO 2to be removed from the reactor effluent (a refrigerated, partial condensation
process was used).

3.1 PROCESS DESCRIPTION

A schematic of the AFDU flowsheet is shown in Figure 3.1-1. Hydrogen, CO, and CO 2are blended and
compressed, then mixed with recycle gas to form the desired syngas composition and flow. This reactor
feed is preheated, then introduced to the bottom of the slurry reactor. The syngas flows upward through
the slurry (catalyst-mix plus mineral oil) and is partially converted to products and by-products. The heat
ofreaction is absorbed by the oil and then rejected to an internal heat exchanger. The gross reactor effluent
is passed through a cyclone to remove catalyst fines, then cooled to condense traces of slurry oil. The

resultant vapor is considered to be the net reactor effluent and contains MeOH, DME, CO 2, 1-120,and
unreacted reactor feed. This stream is subsequently chilled against cooling water, and introduced to a
separator where the bulk of the MeOH and any water is recovered as a liquid. The remaining vapor portion
is cooled in a series of heat recovery and refrigerant,.^,;h angers, then directed to asecond separator where

DME and a portion of CO 2is removed as liquid. The vapor from this separator is rewarmed, compressed,
and recycled to the front-end. The DME-bearing liquid is flashed to a lower pressure and vaporized to
reject CO 2 and partially concentrate the DME.

Flows and composition are measured at various strategic points in the process (indicated in Figure 3.1-
I by "F, X"). The two key points are reactor feed and reactor effluent. The additional process points are
measured to provide information which can be used to resolve the material balance.

The centerpiece of the plant is the reactor (see Figure 3.1-2). The reactor is approximately 28 ft tall and
can accommodate 20 ft of slurry; the internal diameter is 22.5 inches. A nuclear density gauge (NDG)
is used to determine level and measure vapor holdup. Scans of the reactor are made at predetermined
positions, as indicated. The reactor is equipped with an internal heat exchanger which maintains reactor
temperature.

11
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FIGURE 3.1-2 _ --- --..
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3.2 PROJECT EXECUTION

Theplant,asitexistedtodemonstrateLPMEOH technology,hadnocapabilitytoremoveCO 2orDME
fromthereactoreffluent.As aresult,new andmodifiezlequipmentwas designedandinstalled.A list

ofthemajoritemsaddedissummarizedbelow:
.... ,HI + itl H _ ---+ _ __ -- ___ +---+ f --+ ---.........

ITEM TYPE OF EQUIPMENT STATUS DESIGN P (pslg)
shell tube

I + i( L ...... L. +'_ IIII I Imll IIIIIIIII I i _ _ -+ :j -- i II I II

21.38 Shell& TubeExchanger reactivatedI000 I000

21.45A&B HairpinExchangers new I000 1000
21.80 Kettle Evaporator new 667 1000
22.14 High Pressure Separator modified 1000 n/a
22.18 Low l:h'cssureSeparator modified 1000 n/a
28.40 DME StorageTank new 250 n/a

l Ill + ] IIII illmll i.,lC, r, ,,[,,,nllllll.[lllll II , II rlI l[l _ ............ __ ......_+ ---- _ .........................

The21.38wasanexistingexchangerwhichhadbeenpreviouslyoutofservice.The22.14and22.18were
usedin1983ascatalystguardbedsandhadbeenremovedfromtheunit.Thesetwovesselsweremodified
toaccommodatefeednozzlesandliquidlevelinstrumentation.

The2i.45A&B hairpinexchangersandthe21.80evaporatorwerepurchasedunderthecurrentcontract.

The21.80evaporatorwasdesignedtoutilizeanexistingliquidCO 2supplytoproviderefrigerationbut
alsobecapableofhandlinglow-pressurefrconorpropaneasarefrigerantinthefuture.Finally,the28.40
storagetankwas purchasedtotemporarilystoreany DME which would bc producedduringthe

subsequentoperation.

The initial fiowsheet development and major equipment sizing was performed under a previous
contract.(sl The detailed flowsheet development and piping, valve, and instrumentation design were
catriexi out under the current contract.

The instrumentation and piping associated with the new/modified equipment is not itemized here but is
displayed in the detailed process flow diagram (PFD) in Figure 3.2-I (essentially, all valves and
instrumentation on the right half of the PFD are new).

The majority of the design and procurement effort was completed by January 199 I. In February, the final
flowshect review, called the Design Verification Review (DVR), was completed. The documentation
of this review meeting provides a good summary of the potential hazards which were identified and the
steps that were required to address them. The DVR document has been attached as Appendix A.

On-site construction began in January 199 I, By early April, the new equipment andinstrumentation had
been installed. The final plant check-out was completed in April along with the reactivation of the data

+

acquisition computers and the analytical devices.
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4, DEMONSTRATION AT THE AFDU

Operations were carried out at the LaPorte facility between 29 April and 17 May 1991 to demonstrate
the coproduction of DME and MeOH in a slurry reactor, The approach was to blend in dehydration
catalyst (alumina) with the MeOH catalyst to produce DME and thereby drive the equilibrium.limited
MeOH reaction farther forward, resulting in higher syngas conversion.

t

Daily reports were issued during the course of the run,A reproduction of the run chronology is attached
, as Appendix B. Highlights of the five major tasks are presented here:

• Calibrate instruments, recommission the data computer, check for system cleanliness (Shakedown)

• Activate MeOH catalyst (Run AF.A1)

• Baseline MeOH production with BASF $3-86 catalyst (Run AF-R1)

• MeOH_ME production with 93,4% MeOH catalyst and 6,6% dehydration catalyst, Catapal 7"
alumina (Run AF.R2)

• MeOH_ME production with 80.7% MeOH catalyst and 19,3% dehydration catalyst (Run AF-R3)

4.1 SHAKEDOWN

Because the facility was inactive during the previous two years, all instrumentation was fully
recalibrated. In addition, the Gas Chromatographs (GCs) anddata acquisition computer were reactivated.
Some of the electronic equipment associated with the data computer was replaced.

The nuclear density gauge used todetermine liquid level and vapor holdup in the reactor was calibrated
on 25 and 29 April. The initial calibration was suspect, so a recalibration was also performed following
_e run on 20 May. Details of the calibration effort are found in Appendix C.

As an integral part of shakedown activities, syngas is circulated through the plant to remove iron and
nickel carbonyls, known MeOH catalyst poisons. Analysis of the syngas was performed to detect
carbonyls as well as chlorides andsulfides. Documentation of these analyses is attached as Appendix D.
To summarize the findings--all poison levels were quite low.

4.2 CATALYST ACTIVATION

The activation ofthe MeOH catalyst was undertakenusing dilute syngas (3.5 vol% in N2).This operation,
referred to as Run AF-A 1,was developed in work completed under a previous DOE contract (DE-AC22-

87PC90005). (7)Total specific uptake of }I2+ CO (SCF/Ib catalyst) was lower than expectations (based
on total contained copper-oxide in the catalyst) but the subsequently high catalyst productivity met that
of laboratory catalysts, so activation was undoubtedly successful. Improved measurements of the low

flow ofl-_ and CO used during activation are required. Details of the activation can be found in Appendix
E.

17



4.3 SYNGAS CONVERSION DEMONSTRATIONS

There were two majorobjectives for therun: 1)demonstrP.t_the concept of enhanced syngas conversion,
and 2) map system performance with variation in catalyst proportion.

Although there were a large number of independent process variables open for investigation, it was
elected to fix feed composition, reactor temperature and pressure, and total catalyst load. Catalyst
proportion (ratio), superficial inlet velocity, and slurry level were allowed to vary.

Fixed Process Variables

A Texaco-type reactor feed was used throughout: 35% H2, 51% CO, 13% CO2, and 1% N2. This gas
simulates the once-through operation that was used extensively in previous LPMEOH work. While
operating in the DME-mode, some DME survived in the recycled gas and showed up in the reactor feed
(approximately 1%). To compensate, the CO2 content in the feed gas was reduced.

Throughout the run, the reactor was maintained at 482°F and 750 psig. The total catalyst charge was
intended to be constant but, in fact, varied between 450 and 485 lbs.

A4]ustable Process Variables
Three catalyst proportions were examined: 0, 6.6, and 19.3 wt% alumina. The 0% case served to estabUsh
the baseline performance of the MeOH catalyst. The 6.6 and 19.3% cases represent methanol-rich and

i DME-rich production modes.

i

At each catalyst proportion, two inlet gas velocities were studied: 0.24 and 0.37 ft/sec. This translates
into space velocities of 5,700 and 9,100 sl/kg-hr (nominal). The reactor level was maintained at 75 or
100% of maximum.

Run Conditions

Ten process conditions were investigated during this demonstration as shown in Table 4.3-1.

18



TABLE 43.1
PROCESS CONDITIONS/DESIGNATIONS

I I I li ] iiiI I fllill llll ........... __ I III I IIIIHIII[IIHillI I - I .... lIII I IIIIIlllll rllllII ...............

RUN # Wt% Space Slurry
Dehydration Velocity Level

Catalyst (sl/kg.hr) (%)
..... iii]i _ IIIH IIII II]]IIllIlllllIIIIlIll " - ..... llr I lflflFlI II] .........

AF-RI.I 0.0 5,700 75
. AF-RI.2 0.0 8,900 100

AF-RI.3 0.0 9,100 8!-70

AF-R2.1 6.6 5,400 100
AF-R2.2 6.6 8,800 I00
AF-R2.3 6.6 5,500 75
AF-R2.4 6.6 9,000 87-79

AF-R3.1 19.3 5,900 100
AF-R3.2 19.3 9,500 I00
AF-R3.3 19.3 5,900 75

- I Jill III _ 11[111 I I1_ Ill I I J ............................. :I I _I7......... LII "

AF.RI Opera:nTo_.l
Following the MeOH catalystactivation, syngas rateswere increased to the conditions corresponding
toRunAF-R1.1.Initially,thereappearedtobeatemperaturestratificationin thereactor(thebottomwas
8°F hotter than the top). The temperaturestratificationpersisted, so rates were increased to a point
midway between RI.1 and R1.2, The temperaturestratificationwas reduced significantlyas mixing
improved,provided by the increasedgasvelocity. This intermediatecondition heldand by07:00 on 2
May, theplanthadlined-outsufficientlyso thata 4-hourperiodof datacollection wasundertaken.The
productivityof the MeOH catalystwas determined to be about30 gmole_-kg catalyst (oxide); the
corresponding autoclave condition would result in a productivity of 25. The high productivity
experiencedduringthisperiodwas due toa numberof facton, thetwomostimportantbeingthe inherent
"h" ractivV"ypc ty of fresh catalyst and the fact that the AFDU reactorbehavesas multipleContinuous
StirredTankReactors(CSTRs) in series.At thispointit was concluded thatthecatalyst activationhad
beensuccessful andoperationscould continue.

Still concernedthat theslurrywas notcompletelyhomogeni_, therateswere furtherincreasedto the
R1.2 condition.This state wasmaintainedwhile hyperactivitydeclinedand productivitystabilized.By
03:00 on 3 May the MeOH productionhad stabilized and the firstdata collection period began. The
reactorslurrylevel was at 100%.

At 13:00 on 5 May theR1.2 data period was enteredandrateswere reducedto the RI.1 condition. As
a consequenceof this lowergas velocity, the slurrylevel droppedto 75%. The plantquickly lined-out
at the new condition and the RI.1 data collectionperiod beganat 21:00 on 5 May.

At 17:00on 6 May the R1.1data periodended and the rateswere increasedtocorrespondtoR1.2(slurry
level wasatapproximately100%).Theprimaryobjectiveatthispointwasto thickentheslurrybydriving
oil outof thereactor (athigher gas throughputthe oil loss is increased).By 07:30 on 7 May the slurry
level hadfallen to 70%. Though the level hadcontinuedto decline, MeOHproductivitywas stable and
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asupplementaldataperiod,R1,3,was recorded.MethanolproductivityforR1.2andR1.3was virtually
identical,whichindicatedno lossof activitywithtime-on-stream.Thispointmarkedthe endof theAF.
R1 seriesof operations.

Nearly 10,000 gallons of MeOH productwerecollected duringthiscampaign. Approximately7,000
gallonsof "typical LaPone MeOH"were loadedon a trailerand sentto off-site storage.

e

The composition of the MeOH product was measuredevery 12 hoursand was steady throughout
operations.Individualmeasurementscanbe foundinTableF1 inAppendixF. Theaveragecomposition
is reportedbelow:

ii i i[ iiii iiii ]iii ii ii L ............

Component Concentration
(wt%)

!
i il iiii ill i i llll IIH .................... _ --_

methanol 96.800
ethanol 0.645
propanois 0.244
butanols 0.176
pentanols 0.132
methyl formate 1.084
methyl acetate 0.159
dimethylether 0.030
water 0.504
mineraloil 0.226

iH]]l i ........

AF.R2Operations
WhileAF-R1 operations were underway,alumina hadbeen chargedto the preptank and heated in oil
underNzpurgeto driveoff water.WhenR1operationswerecompleted andthe reactorhadbeen cooled
to 250°F, a portionof reactorslurrywas withdrawninto a drum(designateddrum S 1). Theremainder
of the reactorslurrywas transferredintothe preptankandmixedwith the (nowdry)aluminaslurry.After
severalhoursof agitationthe prep tank slurrywas transferredback to the reactor.

The quantity of oil used to slurryand dry the alumina was greater than that driven-off during the
thickening procedure and that drained into drum S1. Therefore, furtherheating under N2flow was
requiredto vaporize the excess oil.

At 11:00on 8 May theplant wasbackatpressureand undersyngas.The firstdataperiod, AF.R2.1, began
at 00:00 on 9 May and was completed at 17:00 on 9 May. The selectivity towards DIVlEdeclined
somewhatduringthis period.The rateswere thenincreasedandat 09:00 on 10May the 1t2.2dataperiod
began. Production and selectivity were stable duringthis dataperiod,Productivity towardsDME was
asexpected, wh_!ethat towardsMeOH was greaterthananticipated.Themolar selectivity, DMFJMeOH,
was 1/2.9. Equivalent productivityexceeded that of MeOH-only by 24%.

At 12:00 on 11 May the R2.2 data period ended and rateswere reduced tothe R2.3 condition (a R2.1
repeat). Once againproductivity and selectivity weresteady. Also asbefore,productivity towardsDIVIE
was as expected, while that towardsMeOH was greaterthan anticipated. The molarselectivity, DME/
MeOH, had increased to 1/1.8, Equivalent productivityexceeded that of MeOH-only by 11%.
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At 16:00 on 12 May the R2.3 data period ended and rates were increased to the R2.2 condition. The
primary objective was to thicken the slurry as was done previously. Conditions were stable even though
slurry level was falling, so an additional data period, R2.4, was recorded. The results were virtually
identical to those recorded during R2,2.

The redundant data points allowed for a check on performance degradation with time on stream--there
was none.

. AF.R3 Operations
While the AF-R2 operations were winding down, more alumina had been charged to the prep tank and
heatedin oil undernitrogenpurgeto driveoff water.WhentheR2 operationswerecompletedandthe
reactor had beencooled to 250°F, a portion of reactor slurry was withdrawn into a seconddrum
(designateddrum52). The remainderof thereactorslurrywastransferredinto thepreptankandmixed
with the(now dry)aluminaslurry,After severalhoursof agitationthepreptankslurrywastransferred
backto the reactor.

This time it was notnecessary to drive off excess oil and operation undersyngas was quickly established.
At 00:00 on 14 May the data period for Run R3.1 began. During this period DME selectivity declined
as experienced during Run R2,1, Given the quantity of catalyst that should have been in the reactor,
overall productivity fell short of expectations, The reason for this observation became clear following
the run.

Post-run inspectionof thereactorrevealedthatsomecatalysthadsettledin thebottomhead(belowthe
inlet gas spatger). It has been postulated that this catalyst settled because t'_einlet gas velocities were
relatively low compared to those used in previous demonstrations. Furthermore, it is expected thatmuch
of this catalyst settled out early on in the last run condition and did not participate in the reaction.
Elemental analysis of this material showed it to be high in alumina_which supports the theory that settling
occurred during R3 operations and not during previous campaigns. (Refer to Appendix F for a detailed
discussion of the catalyst inventory calculations.) These calculations indicate that about 9%of the reactor
catalyst had settled out, This "loss" of catalyst resulted in an increased space velocity (in reality).

Given the understanding that space velocities were now higher, productivity during R3,1 was in line with
expectations. Productivity towardsDM.Ewas asexpected, while that towardsMeOH was slightly greater
than anticipated. The molar selectivity, DME/MeOH, was 2.6/1, Equivalent productivity exceeded that
of MeOH-only by well over 30%.

At 16:00 on 14 May the R3.1 data period ended andthe rates were increased. The reactor level had been
at 100% during the previous run, so rates had to be increased gradually while oil was allowed to boil off.
At 06:00 on 15 May the higher rates had been attained, th_ plant was operating steadily, and the R3.2
data period began, Productivity towards DME was slightly less thanexpected, while that towards M¢OH
was as anticipated. The molar selectivity, DME/MeOH, was 1.2/1. Equivalent productivity was virtually ,'
the same as that of MeOH-only.

• At 08:00on 16May the R3.2 dataperiodhadconcludedandrateswerequicklydroppedtothoserequired
for R3.3 (R3.1 repeat). At 12:00 on 16 May the R3.3 data period began and concluded at 09:00 on 17
May. Productivity towards DME was a litre less than expected and had declined from R3.1; productivity
towards MeOH was as expected. The molar selectivity, DME/MeOH, had fallen to 1,8/1, and equivalent
productivity exceeded that of MeOH-only by over 28%.
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ThereactorlevelduringR3.3was75% whilethatofR3.1wasI00%,Therehadbeenconcernthatthe
reductioninproductivitybetweenthesetworunswasaconsequenceofoperatingatthelowerlevel(one
mightviewthisasareductioninthenumberofeffectiveCSTRs).Toaddressthisissuethereactorlevel
wasincreasedto100%attheendofR3.3,andbetweenI0:00and14:00on17May plantoperationwas
monitored.Therewasnosignificantchangeinthecompositionofthereactoreffluent.Itwasconcluded
fromthisobservationthatthedifferencebetweenR3.1andR3.3wasnotaconsequenceofoperatingat
thereducedlevel.

At14:00on17May operationsconcludedandplantshutdownbegan.

4,4 RESULTS

The detailed materialbalance for each operatingcase is contained in Appendix G. These
materialbalances containcompositionsand flows at selected pointsin theplant--the twomost
importantbeing thereactor-feedandreactor-out.Also includedin these tables areelemental
and molarbalances at key process locations.

On average, the overall plant elemental balance closed to within 1.5%, which is quite good,
The materialclosureof DME was excellent--the DME reportedlyproduced in the reactor
agreed with the DME measured in the plantexit streamsto within0.2% on average.The
materialclosureof MeOH was less outstandingbut averaged3.1%. The lack of closure with
methanolsuggests some inaccuraciesin measuredflow andcompositions. One may view this
lack of closure as representinguncertainty in the catalystproductivity,whichaveragedonly
1.9% when DME and MeOH were consideredtogether.

A summaryof the materialbalance results from AppendixG is presentedin Table 4.4.1. Most
of the informationis self explanatory (referto thenomenclaturesection of AppendixG for
definitions). Some items will be expandeduponhere.The items referringto production,
productivity,and conversion arebasedon whatis happeningacrossthe reactor.Forexample,
DME and MeOH "Makes" do notreflect losses in the purge gases and the like. Also note that
the slurryconcentrations varied between25 wt% and 37 wt% catalyst, dependingon the run.
Based on previousexperience with the unit, the variationin catalystconcentrationwithinthis
rangeis notexpected to affect productivityby introducinga "mass transferresistance".

Finally, it should be noted thatDME was contained in the feed to the reactor.This was
expectedsince the "cold-end" was notdesigned to fully remove DME. As expected, the
presence of DME in thefeed gas reduces thereactorproductivity.One shouldconsiderthis if a
direct scale-up of the data is attempted.

Plots of the MeOH and DME concentrationsin the reactoreffluent are attachedas Figures F2
(AF-R1), F3 (AF-R2), and F4 (AF-R3) in Appendix F. These figures show that the measured .,
DME and MeOH concentrationswere fairlysteady, thoughsubject to some fluctuations.Also
containedin Appendix F aremeasured liquidcompositions(TablesFI, t:2, F3), measured
vaporcomposition of the flash gas (Table F4), measuredvaporcompositionof the DME purge
gas ('TableF5), and measuredliquid productionin the daytank (FigureF5).
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The first campaign (AF-R1) established the base-line productivity of the methanol catalyst.
This series of operations also served as a means of training the new personnel in plant
operation and data acquisition. Catalyst productivity, although only modesty sensitive to
catalyst activity at these space velocities, wa2,as expected. The operationof the plant was
really no different than previousoperations,t73

The second campaign (AF-R2) demonstrated the concept of the enhanced syngas conversion
which results by adding a relatively small quantity of dehydration catalyst to the methanol
catalyst. At equivalent space velocity, productivity increased by 22% (lower space velocity)
and 11% (higher space velocity) by replacing approximately 7% of the methanol catalyst with
dehydration catalyst. Equivalent productivity was on-target although the selectivity towards
MeOH was higher than expected. Even though the run time was only 88 hours, there was no
indication of catalyst deactivation at this level of dehydration catalyst loading.

The final campaign (AF-R3) was to demonstrate a higher level of DME make. At low space
velocity the improvement in productivity is about 32%, however, at the higher equivalent
space velocity, productivity was about the same as all-MeOH. The operation at roughly 20%
dehydration catalyst fell short of expectations in two areas. First, the selectivity towards DME
was less than expected and declined with time-on-stream. Second, the catalyst settling was
totally unexpected and could not have been anticipated from results in the mechanically stirred
autoclaves. There is also some indication of catalyst deactivation, which was expected from
previous laboratory,work.tgl

The trends observed with respect to dehydration catalyst loading were as expected. Increasing
the relative amount of dehydration catalyst initially increases the overall productivity by
removing methanol from the system and thereby eliminating the equilibrium constraint of the
syngas-to-mahanol reaction step. However, the productivity gain diminishes if the
concentration of dehydration catalyst is increased beyond a certain level. This is illustrated in
Figures 4.4-1 and 4.4-2. These figures compare the individual productivities as a function of
alumina content at the lower (4.4-1) and higher (4.4-2) space velocities. In each plot a
predictionof performance is shown to illustrate expected productivity.Expectedperformance
was calculated at a representative space velocity using a kinetic model (this model was based
on the laboratoryautoclave data and assumes the LaPorte reactoracts as 2 CSTRs in series, an
assumption based on previous experience),r_l

Figures 4.4-1 and 4.4-2 aptly summarize the results of the entire operation and demonstrate
that the laboratory work can be successfully scaled-up. Even though the selectivity and
productivity were not exactly as predicted, they wereclose enough that in-the-field
modifications could be effective. In particular, the selectivity towards DME could be easily
adjusted by making slight changes to the relative proportion of dehydration catalyst.

Gas holdup data are presented in Figure 4.4-3 and compared with predictive curves derived
from previous LPMEOH experience. The predictive curves are fits of holdup data taken
previously for MeOH-onlyJ 7._°JIt is observed that the holdup at 0.3 ft/sec linear velocity agrees
well with prediction while at the lower velocity the holdup is slightly lower. It is interesting to
note that there is no discernible change in holdup with the different alumina proportions.
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$. CONCLUSIONS AND RECOMMENDATIONS

Overall, thisdemonstrationwentaccordingto planandmet objectives.

• UndermixedDME/MeOH synthesisconditions,syngasconversionsgreaterthan30% over
all-MeOH wereachieved(syngasconversions1.3timesthatobtainedforall-MeOH).

, Water-gasshiftactivity appearedto begreaterthanexpected(basedon laboratorywork).191
, This iscommerciallysignificantsincedownstreamwaterhandlingmay bedownsizedand/or

simplified. In addition,thequality of thecoproducedmethanolproductwasbetterthan
anticipated,

, Thenewly-installedCOz/DME removalunit wasmoreeffectivethanpredictedandwaseasy
to operate.

, Over 15,000gallonsof MeOH productwerecollected.Roughly7,000 gallonsof"typical
AFDU methanol"were collectedanddirectedto a tank-trailerandsentoff-sitefor storage;
theremainder,whichcontainedgreaterproportionsof bothDME and1-120,wascollectedin
theundergroundtank.

, During AF-R3.2 roughly700 gallonsof crudeDME productwerecollectedandwill beheld
for futuretesting (estimatedto be 74 wt% DME with thebalanceprimarilyCOsandI-_O).
The bulkof DME producedduringoperationswasburnedin the flare.

An unexpectedeventwasthatsomeslurrysettledin thebottom headof thereactorduringthe final
run series. This settling was clearly unanticipated since operation at low gas velocity had been
successfully carried out under the previous operations using 100% methanol catalyst, At present, it is
felt that the low velocity through the gas sparger was responsible for the catalyst settling. To review,
the gas sparger is doughnut shaped with holes on the underside. The spargeris currendy positioned
approximately 8" off the bottom of the reactor. Vapor exits the sparger and is directed diagonally
downward to sweep slurry from the bottom head. The depth of vapor penetration is a function of gas
flowrate; previous experience with this sparger indicted good performance at superficial gas velocities
as low as 0.1 ft/sec. It is suspected that the addition of alumina caused the slurriability properties of
the catalyst-mixto changesuchthatthe low gasvelocitywasinsufficientto fully sweepthecatalyst
from thebottomhead.One mustthereforeconcludethat thecurrentspargerorientationand
operation is not entirely satisfactory for all types of catalyst slurries.

The future direction of many technology demonstrations at the AFDU will be towards lower space
velocity. Chain building chemistries such as mixed-alcohols and Fischer-Tropsch are favored by low
space velocity (high residence time). Associated with the low space velocity comes low superficial
velocity (and low spargervelocity).Hew,e, modificationsto thespargersystemandits operation
appearwarrantedsinceslurriabilityissuescannotalwaysbedefinitively addressedbeforetheactual
demonstration,

Basedon thesuccessof this demonstration,andassumingthatit is commerciallyattractiveto
coproduceDME andMeOH, it is worthwhileto carryoutadditional demonstrationsat thel.,aPone
AFDU,suchas:
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• Operationat very low space velocity (I0_ to 2000 sL/kg-hr). This would study highCO
conversion as well as high selectiviw to DM.E.

• Operationat higher catalystloadings (35wt% to 50wt%) and low levels of dehydrationcatalyst
(less than 10%). This would help identify the operationallimits of the dual.catalyst system
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APPENDIX A : DESIGN VERIFICATION REVIEW REPORT

Thisdocument is providedto Illustratethe typesof operationalhazards addressedduring
the engineeringphase.
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I. INT_OOUCTION

A Destgn Verification Review (DVR) meeting was conducted on

14 February 1991 for the Sprtng '91DME (dimethyl ether) run of the

Alternat|ve Fuels OevelopmentUnit (AFOU) located tn LaPorte, Texas. The

Sprang '91 run requires modifications and additions to the Ltqutd Phase

Methanol Process Development Untt whtch are funded under the Alternative

Fuels Z contract, The ob3ecttve of this run ts to demonstrate higher

conversion levels of snygas by coproduclng dtmethyl ether and methanol,

Verification off R&Olab and simulation results ts llso desired.

The purpose of the OVRwas to ensure that 111 items relating to the

Prellmtnlry Hazards review (PrHR) have been s|ttsfactortly resolved and

to review any additional safety concerns, The PrHR meettng was conducted

on 16 October 1990, Oue to this pro3ect's relltively short schedule, St

was dectded to not conduct I Design Hazards review meeting. The Hazards

review process w111 be concluded with an on-site Operltionll Readiness

!nspectton (OR!) prior to start-up.

The DVR confirmed that I satisfactory review of most of the PrHR items

has been performed. Those ttems requiring further review wt11 be

confirmed during the ORZ. Furthermore, lddtttonal hazard items were

ray|awed and are documented in part ]Z! B. The matrix attendance to the

OR! was discussed and I meeting will be conducted in approximately two

weeks prior to the OR! to outltne the OR! requirements.
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II. Scope Changes and Process Hodtf|cattons

There have been r_os|gntflcant scope changes or process modifications

' since the PrHR was conducted,

Ill. Statusof Hazard Items

A, The following table (labeled III A., Status of PrHR Items) documents

the status of the conclusions and recommendations that were developed

during the Preliminary Hazards Review (PrHR).

8. Table III 8,, Additional Hazard Items, documents the results and

status of additional hazard Items Identified following the PrHR,
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%V, Follow-UpNork

The following ttems have been Identified as requiring development and
t

documentation:

............. ,......Item ........................... :RelDons4btltty ,....

^. Process design limitations Process [ngr.

B. Process Run-Authorizations Process [ngr.

C. Operator Tratntng Documentation Operations

O. Start-up procedures Process/Start-up/Operations
e

E. OR%check list Pro_ect [ngr.

F. ORZ planntng meettng HR Team
t

G. OR% HR Team

i
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APPENDIXB:RUNCHRONOLOGY

The runchronologycoveringtheperiod23April1991to 21May199t isincludedinthis
, section,

Timeonstream(TOS)is assigned0 hoursat08:00on1 May. Thisiswhencatalyst
reductionhaclbeencompletedandsyngaswasintroducedtothe reactor.

Theactivationrunandmaterialbalanceperiodscoverthe followingtimes:

Run# Startof Period Endof Period
Date Time TOS Date Time TOS

AF.A1 4/29 18:30 5/1 05:00

AF.R1,2 5/3 03:00 43 5/5 13:00 101
AF-R1.1 5/5 21:00 108 5/6 17:00 129
AF.R1.3 5/6 21:00 133 5/7 06:00 142

AF.R2,1 5/9 00:00 184 5/9 17:00 201
AF.R2,2 5/10 09:00 217 5/11 12:00 244
AF-R2,3 5/11 16:00 248 5/12 16:00 272
AF.R2,4 5/12 20:00 276 5/13 04:00 284

AF.R3,1 5/14 00:00 304 5/14 16:00 320
AF-R3,2 5/15 06:00 334 5/!6 08:00 360
AF.R3,3 5/16 12:00 364 5/17 09:00 385

Referencesto flowrates,gascompositions,andspacevelocitiesreflectreal.timevalues
andhavenotbeencorrected,Thishas beendoneto retaina correspondencewiththe
operations,start-up,andprocesslogbooksanddatasheets,
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_ _ DEBCPJPTION

4/23/91 Blindsonfeedgasswungintoposition

4/25 FirstNDGcalibrationwithnitrogen,

4/26 16:00 Introducedsyngastobegincarbonylburnout,Operation
isonce.through.Samplestakentomeasure
concentrationof carbonyis,sulfides,andchlorides,

4/28 11:40 Beganrecyclingsyngas

16:30 ,qyngaebacked.out;beginbringingnitrogenIntothe
plant,

4/29 08:00 Chargedi2g gallonsof ollto PrepTank.

11:00 Added489 Ibsof BASF$3.86 topreheatedo!1in Prep
Tank.

14:00 TransferredslurryfromPrepTankto Reactor,

15:30 FlushedPrepTankwith97 gallonsofollandtransferred
toReactor.

18:30 Reductiongu compositionlined-upat 1.2%H2, 1,8%
CO,0.5% CO2(remaindernitrogen),Reductionbegins:

' Reactorat220 Fand100psig, ReductiongasflowIs
15,000SCFH.

18:55 Cutflowmomentarilytotakean NDGloan. Levelat99"
onthetape.

19:35 Reductiongu composition1,4%H2, 1.8"/.CO andflow
is 15,000$CFH, Thisis fairlytypicalreactorfeed
composition,Reactortemperatureis221.4 F,

21:00 Reactorupto 230 F

4/30 11:00 Reactortemperatureat 390,5 F. Temperatureramp
averaged11F perhouroverthelast 14hours,
Beginningthetemperaturehold,

22:55 Reactortemperatureat391,4 F. Havemaintained391 F ,
for12hourswithnegligibleuptakeof syngas.Endof
reductiondatacollectionperiod, Beginningtherampto
464 F.

5/1 04:00 Temperatureat 464 F, Temperaturerampaveraged15
F perhour. Begin1 hourtemperaturehold,
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05:00 Temperatureholdperiodover. Beginreactorcooldown

06:35 Reactorat437 F, 100 psig,

' 07:34 Startedthefeed/recyclecompressor.Beginpressurizing
plant, Nukereadingindicating80"(gassed),

07:45 Zero-flowNDGscanindicatesliquidlevelat 69"onthe
tape,T.-439F, P.419 peig,

07:50 Pressureupto 450psig, TemperatureprofileInreactor
rangesfrom399.434F(average. 425F),

0S:00 0:00 Timezeromark, Beginningregularoperations-eyngas
intoplant

08:03 0:03 Pressure. e90 petg,Tampprofilets407.450F(avg,,,
483.4F),

08:07 0:07 PV.201openedto 100%,

08:18 0:18 PressureJ 760 psig,TampprofileIs409.8-468F(avg.,
. 451F),

08:42 0:42 EffluentsamplefromGC shows:H2=26.9moie%,
CO,,54.8,N2.,12,9,CH4,,0,07,CO2=5.87,MeOH=0.37,

08:43 0:43 NDGloin showslevelat 84."FQ241InitialreadingIs
3481g.2,FT126A,,18258.1SCFH,FT 187A=15981.8
SCFH.

09:00 1:00 Transferstartedfromthe27.12hick tothereactor,

09:07 1:07 Pumpdischargepressureatthe27.12Increand to raise
reactorlevel,

09:20 1:20 Leveldetectedtnthe22,10. Reactorlevelis90." Target
ie 140."

09:30 1:30 Pressure. 752psig, Tampprofileis393,3-463,1F(avg
= 439F).

10:02 2:02 ReactorFeedis39% H2,56% CC),5%CO2, Reactor
feedis FT187B=20125SCFH.
Tavg,.448F, P.751 psig
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10:30 2:30 OildrainedfromflareKOpot,, 46 ibs. A smallamount
ofclumpycatalystwas removedbutoliwasrelatively
clear,

10:35 2:35 Reactoreffluentis23.5% H2,61.3%CO,7.8%CO2,
10.8%MeOH

10:40 2:40 Pressure- 748 pstg, Tamprangeis409,2.488.8F(avg
= 449,8F).Levelis at 108",FT126A=17543,FT187A=
4088,FT187B=19400.

10:53 2:53 Levelisat 1123

11:58 3:58 Leveli| at i31."

12:10 4:10 Recycleflowstarted.NukeIndicatinga levelof i40."

12:17 4:17 FT126A,, 20139,FT187A=40421,FT187B,,40129.
Level,, 168,"

12:40 4:40 OIIadditionetopped.

13:27 5:27 Nukaonautomaticcontrol,levelat 180."Tamprangeis
• 444.1-478,9F(avg=478F),

15:15 7:15 Startedrailing nukelevelto 213."

16:59 8:59 Startedto transferproductfrom22.15todaytank.
FQ241notregistering.22.15 levelis it bottomof 10th
bolt,daytankstartingpointis 19.5."

18:38 10:38 Slurrysampletakenoff reactor.

22:30 t4:30 The8.5%MIOH standardwassuspectedof partial
oondanutionInthecylinder.The3.8%etdwtllnowbe
usedfortheGC calibration.JohnWallacecorrection
factors:

GCI: 0.9582 for MeOH> 8%
GC2:0.9375 forMeOH> 8%

5/2 00:00 16:00 Inareued recycleto reactor.

00:15 16:15 Transferfrom22.16 to28.10. 22,16 readings:
start,,43,5,"end=19.5."

B-4



_ _ DESCRIPTION

04:00 20:00 PlantandGCshavebeenrunningsteady,
Reactorflow.63,000 SCFH
InletComp=38%H2,48% CO, 13%CO2
Effluent. 24% H2,48%CO, 16%CO2, 10%MeSH
ReactorT = 480 F, P = 751 psig

09:00 25:00 Oiladditionstoppedto letleveldrop,

12:20 28:20 Oilsampletakenoffthe27.14,MeSHsampletakenoff
the22.11(96.7wt%MESH).

12:45 28:45 Flowtothereactorwas increasedto85,000$CFH to
bringSV to 9000, Willmaintai'.'_thisconditionto track
activityreductionandeventuallyentertheAF.R1.2data
period, Withtheincreaseinflow,thebottomfourTI'I
inthereactortightenedtowithin2F. Previously,these
Tl'srangedupto 10F.Bettermixingisnoted. Reactor
levelisabovenuke,recycleis reducedtobringlevel
down.

13:35 29',35 ReactorTl'sstarteddivergingagain. Flowhadbeen
droppedtoonly83,000SCFH.

• 14:20 30:20 Levelis211,* Tampprofilevaries4.5 FbetweenTI262-
2 andTI626.5.

18:30 34:30 Firsttransferredfromdaytankto tanker(approx.315
ga!lons)

23:20 38:40 The IroncarbonyllevelInreactorfeedwasmeasured
withGCe tobe2.3 ppb.

23:45 39:40 MeSH InreactoreffluentIsconsistentandaround10.7
mole%,

5/3 03:00 43:00 Startof DataCollectionPeriodforAF-R1.2

03:10 43:10 Begantransferfromdaytankto trailer.

05:40 45:40 Endoftransfer(770gallons)

10:30 50:30 Methanolcompositionineffluentcontinuestofluctuate.
Blewoutsamplepots.

i2:00 52:00 Transferredfromdaytanktotrailer.Unloadedabout
1480gals,currentproductionis about3000gala, New

, tubinginstalledwhlchmadetransfergoquickly.
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DATE _ _ DESCRIPTION

12:00 52:00 Oil sample taken off the 27.14, MeOH sample taken off
the 22.11 (96.8 wt% MeOH).

14:00 54:00 ProblemfoundwithLIC 292 on 22.15. The level inthe
sightglass mustbe taken intoaccountwhen day tank
readingsare taken. Beganto fill the 21.80 evaporator
with CO2.

o

16:00 56:00 Mass balancesbetween0600-1600 5/3 indicate
productivityto be:

33.2 gmole/kg-hrby GC and flows
28.3 gmole/kg-hrby day tank.

?3:40 63:40 DEC computerdidnot update from now until5/4, 0300.

5/4 00:30 64:30 Massbalancesbetween 5/3 1600-5/4 0030 show
productivityto be :

32.6 gmole/kg-hrby GC and flows
27.6 gmole/kg-hrby day tank.

11:25 75:25 Transferredfromday tankto trailer (1710 gal).

12:00 76:00 Oil sampletaken off the 27.14, MeOH sampletaken off
the22.11 (96.7 wt% MeOH).

18:00 82:00 Needle gauge on CO2 supplywas found to be off. CO2
is usedwithdiscretion.

5/5 10:35 98:35 Transferredfrom day tankto trailer(1700 gal).

12:00 100:00 Oil sampletaken off the 27.14, MeOH sample taken off
the 22.11 (96.7 wWoMeOH).

13:00 101:00 Endof AF-RI.2 Data Period. Reactor flow reducedto
46,780 SCFH, SV is nominally5000.

20:00 108:00 Plantas lined-outsufficientlyto begin AF-R1.1 Data
Period.

5/6 00:00 112:00 Begin to purge-outthe DME recoverysection.

11:00 123:00 Chargedtheprep tankwith estimated 110 gallonsof oil.
Willbegin heatingto a target temperatureof 180 F.

11:15 123:15 Transferred fromday tank to trailer(1340 gal).
Oscillationsin measuredmethanolcompositionof
reactoreffluent are fairlysubstantial- time average
compositionis stable.
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DATE _ _ DESCRIPTIOH

12:00 124:00 Oil sampletakenoff the27,14, MeOH sampletaken off
the22,11 (96.1 wt% MeOH).

18:00 130:00 Mark endof AF-RI.1 Data Period. Begin to increase
ratesto theoriginalSV=9000 conditions(AF-R1.2). Will
discontinueoilpump-backfrom 27.14 to forcethe slurry
to thicken. Currentlevel at 211" on the tape.

t

21:30 133:30 Added32 Ibsof aluminato oil in the preptankand
continueheating. The objectiveis to heat mix in prep
tankat 250 F for 12 hoursto driveoff water, Prep tank
is underN2 Purge,

5/7 0:00 136:00 Prep tank contentsat 256 F. Pressurizedthen
depressurizedthreetimesto aid ingettingthewater into
the N2 purge.

01:10 137:10 Downto approx.157" on tape slurrylevel. Effluent
MeOH compositionhas returnedto AF-R1.2 levels,as
expected.

02:45 138:45 Levelcontrolforreactorput backon automaticto hold
slurry level at 149"on the tape.

07:30 143:30 Levelset pointhadbeen reducedfurther,level nowat
140". Gas-to-reactoris temporarilycut-outandslurry
allowedto degas and settle. After settling,level was 67"
on the tape.

09:15 145:15 Syngasbacked-outand replacewithnitrogen(+2% H2) -
End of AF-R1 series. Willbegin coolingthe reactor in
preparationfor the slurrytransferoperation.

11:00 147:00 Drained MeOH out of 22.10 and 22.15 intothe day tank.

11:40 147:40 Droppedplantpressureto 150 psig.

12:25 148:25 Reactorat 250 F, prep tankat 265 F. Drained 78 Ibs of
reactorslurryto drum$1.

13:00 149:00 Transferred1/3 of reactorcontentsto prep tank,
withdrewa slurrysample fromreactor,then transferred
the rest of the reactorcontentsto preptank. Begin2
hour holdin prep tankunderagitationto blendalumina
with MeOH catalyst.

• 14:50 150:50 Begintransferof preptank contentsto reactor. To be
followedby flushof prep tankwith 35 gallonsof oil.
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J_ .T.JJY_ TOS DESCRIPTION

15:30 151:30 Transfer prep tank rinse to reactorand bring-inN2 purge
flow (+2% H2) to reactorand beginheat-up.

17:00 153:00 Drained 27.12 and 27.14 to bottomof their respective
sightglasses.

20:50 156:50 Reactor at 430 F. The new slurry level istoo high in the
reactor (above the span of the NDG). Will have to 0
carefullyboil-off oilwith nitrogenflow. Continue
increasingreactortemperaturetowards450 F.

5/8 05:15 165:15 Emptied day tank into trailer.

08:20 168:20 Cut-outN2 flow to measuredegassedlevel. Levelis
137"degassed(70 psig,450 F) - sufficientto proceed
withregularoperations.

08:45 168:45 Beginto raise reactorpressureundernitrogen.

09:45 169:45 Reactor at 756 pstg, recycle flow started.

10:28 170:28 Flow stabilizedat 40,000 SCFH. Reactorat 737 psig,
421 F.

11:00 171:00 Begin to bring-insyngas.

12:41 172:41 Reactor at 744 psig,443 F. Reactor flow is approx.
44,000 SCFH. Reactoreffluentcompositionis 21%H2,
41% CO, 8% CO2, 25% N2, 4% MeOH and 2% DME.
The reactionis hotl Will ramp the temperatureup
slowly.

16:05 176:05 Reactorat 756 psig,470 F. Reactor flow is approx.
48,200 SCFH. Reactoreffluentcompositionis 22%H2,
49% CO, 16% CO2, 3% N2, 5% MeOH and 5% DME.

17:30 177:30 Levels are buildingin 22.10 and 22.15

20:20 180:20 22.10 and 22.15 operatingon level control- liquidbeing
transferredto day tank. Back-end is cooled,22.18 is at
10 bolts - beginto transfer liquidfrom 22.14 to 22.18.

5/9 00:00 184:00 Begindata collectionperiodfor runAF-R2.1 (SV=5500).
Reactorat 750 psig, 481 F. Reactor feed flow is 40,000
SCFH at 36%H2, 50.5% CO, 1% N2, 11% CO2, 1%
DME. Effluentcompositionis 22% H2, 46% CO, 1% N2,
19% CO2, 5.8% DME, 6.3% MeOH.
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_ _ DESCRIPTION

06:30 190:30 Aluminacatalystappearsto have initialhyperactivity.
DME concentrationinreactoreffluenthas droppedto
5.7%.

08:30 192:30 22.11 liquid sample taken at 03:45 contained 9% DME
and degassedconsiderable, Will attemptto reduce
DME in liquidby increasing22.10 temperature. To
achieve this,coolingwater flowto 21.30 is reduced.

11:00 195:00 Cooling water temperature exit 21.30 is too hot (150 F)
and has had no effect on 22.10 temperature (21.30 is
oversizedand pinched). Coolingwater flow is returned
to normal,

i2:15 196:15 DME in effluent continues to decline, now at 5.6%,
MeOH in effluentremainsfairlystable. Liquidhasbeen
accumulatinginthe 22,18 (level at 1 bolt).

14:00 198:00 Beginto thickenslurry- stopreturning oil flow from
27.14.

15:00 199:00 Completedconstructionof a specialsamplebombfor
22.11 liquid. Sample willbe taken at 22.11 pressure,
weighed,blown-downto atmosphericpressure,then
weighedagain. The weightlossis the quantityof
degassedvapor.

17:00 201:00 Endof AF-R2.1 data period. FinalDME concentrationIn
effluent is 5.4%. Will beginto increaserates and
continueto boil-offoi1. Target reactorfeed gas flow is
74,500 SCFH.

5/10 03:30 211:30 Reactorfeed flow up to 64,500 SCFH. Level continues
to buildslowlyin 22.18 (nowat 3 bolts).

09:00 217:00 Up to desiredrates. Begindata periodforrunAF-R2.2
(SV=9000). Reactorat 481 F, 750 psig. Reactor feed
flowis 75,600 SCFH at 36% H2, 51% CO, 1/=%N2, 12%
CO2, 1% DME. Reactoreffluent is 24% H2, 48% CO,
1/=%N2, 17% CO2, 3.7% DME, 6.7% MeOH. Level in
22.18 is nowat 5,5 bolts.

12:00 220:00 Liquid sample from 22.11 shows3.5% DME, 93.5%
MeOH.

21:20 229:20 Lost FT187A from 20:45 (loosewire- short), now back
on line,
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_ _ DESCRIPTION

5/11 0:00 232:00 Plant has been runningsteady. No change in MeOH or
DME concentrationin reactoreffluent. 22.18 level up to
15 bolts.

07:15 239:15 22.18 is at 21.5 boltswilldump liquidto 28.10 storage
tank.

08:30 240:30 Transfer comp:ete, level is 2 bolts. Sample from 22.18
indicates 86% MeOH, 9% DME, 3% water.

12:00 244:00 End of data period for run AF-R2.2, Begin to reduce
rates to for next condition, target flow Is 47,000 SCFH.

16:00 246:00 Plant responded quickly to condition change. Begin
data period for run AF-R2.3 (SV.5400). Reactor at 482
F, 750 psig. Reactor feed flow is 46,900 SCFH at 35%
H2, 52% CO, 1/=%N2, 12% CO2, 1% DME. Reactor
effluent is 21% H2, 48% CO, 1/2%N2, 19% CO2, 5.1%
DME, 6.5% MeOH. Level in22.18 is now at 6 bolts.

5/i2 04:30 260:30 Plantoperationverysteady. 22.18 at 10 bolts.

10:15 266:15 Aluminaprepfor nextcampaignunderway.Approx.62
• gallonsof oiladded to prep tank, followedby 67.5 Ibof

alumina, followedby another25 gallonsof oil. Begin
heatingprep tank undernitrogen.

14:15 270:15 Prep tanktemperatureis at 246 F.

16:00 272:00 Endof data periodforAF-R2.3. Increaserates (targetis
76,000 SCFH) andbegin to thickenslurry(stopoil return
from27.14).

20:00 276:00 Are at new conditionsand stable. Beginsupplemental
data period(run AF-R2.4, SV...9000). Reactorat 481 F,
750 psig. Reactorfeed flow is 76,400 SCFH at 36% H2,
51% CO, 1/2%N2, 11% CO2, 1% DME. Reactoreffluent
is 23% H2, 50% CO, 1/2%N2, 15% CO2, 3.6% DME,
6.9% MeOH.

21:30 277:30 Prep tank at 293 F.

5/13 02:10 282:10 Transferredday tank to 28.10.

04:00 284:00 Operationhas been steadyand quite similarto runAF-
R2.2. Thickeningof theslurryhas been going slowlyso
willbegin to increase rates further- end of data period
for runAF-R2.4.
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J_ _ _ DESCRIPTION

05:30 285:30 22,18 liquidtransferredto 28.10, Prep tank holdingat
290 F,

06:30 286:30 Feed flowto reactorat 93,700 SCFH,

08:40 288:40 Beginreactorcooldown. Target temperature250 F

09:15 289:15 Reactorat 430 F. Back-outsyngasand bringin N2
(+2% H2),

1! :40 291:40 Reactorat 301 F and 504 psig, Temporarilycut-outN2
flowto measuredegassedslurry level (54") - OK to
proceed.

12:05 292:05 Drained150 Ib of slurryintoa drumandtook a sample.
Transferredthe remainderto prep tank. Will agitate in
prep tankwiththe freshaluminauntil14:00,

14:15 294:15 Transferredpreptankcontentsto reactor.

14:30 294:30 Rinsedpreptankwith24 gallonsof oil andtransferredto
reactor. Reactorat 272 F, 42,5 psig - level is 116".
Beginheatingslurryinreactorundernitrogen.

18:00 298:00 Reactorat 400 F, 750 psig. Bringin syngas and operate
once-throughto purge N2.

19:00 299:00 Reactorat 430 F, Reactorflow is36,000 SCFH
(operatingwithpartialrecycle).

20:30 300:30 Reactorat 460 F. Reactorflowis48,000 SCFH.
Reactoreffluentcompositionis 24% H2, 48% CO, 8%
N2, 12% CO2, 5% DME, 3% MeOH. Once again, the
catalystmix is extremelyactive.

21:15 301:15 Reactorup to 480 F,

5/14 00:00 304:00 Plant isprettywell lined-out. Begindata periodforrun
AF-R3.1 (SV-.5400), Reactorat 481 F, 750 psig. Feed
flowis 49,400 SCFH at 36% H2, 51% CO, 1.5 N2,
10.5% CO2, 1% DME. Reactoreffluentcompositionis
23% H2, 46% CO, 1.5% N2, 1g.5% CO2, 7.6% DME,
2.4% MeOH.

04:40 308:40 Levelsin 22.10 and 22.15 lined-up- beginningto
transferto day tank. Levels in 22.14 lined-up;level in
22.18 at 15 bolts.
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_ _ DESCRIPTION

06:30 310:30 ReactoreffluentcompositionIs 23% H2, 46% CO, 1%
N2, 20% CO2, 7.6% DME, 2,4% MeOH

i2:00 316:00 Operationstillsteady- effluentis 7,5% DME, 2,4%
MeOH, Sample from 2218 shows8% DME, 89% MeOH.
Level in22.18 still15 bolts.

12:45 316:45 Begindraining22,18 to the 28.10,

14:00 318:00 Endof data periodfor runAF-R3.1. Beginto thicken
slurryinpreparationforhigherrates,

16:30 320:30 22.18 draineddownto 1 bolt. Beginto increaseflow
rate to reactor.

18:00 322:00 Reactorflowat 55,400 SCFH, willstay here fora while
and continuethickening, Have increasedpressureof
22.18 to 170 psig- will nowbegindraining22.!8 into
28.40.

5/15 00:30 328:30 Reactorflowup to 59,800 SCFH.

05:30 333:30 Reactorflow at 74,000 SCFH.

06:00 334:00 Plant is now lined-out, Begindata periodfor runAF-
R3.2 (SV,,9000). Reactorat 482 F, 750 psig. Feed flow
is 74,900 SCFH at 36% H2, 50.5% CO, 1/2%N2, 12%
CO2, 1.5% DME. Reactoreffluentcompositionis 27%
H2, 47% CO, V=%N2, 17% CO2, 5% DME, 2.9% MeOH.
Blocked22.18 dischargeto allowlevel in 22.18 to riseas
a means of estimatingrates.

08:35 336:35 Levelin 22.18 is up to 16 bolts. Open valve to allow
liquidto continueto drain into28,40 (28.40 is currently
25% of max. level).

18:30 346:30 Levelin 28.40 at 46%. Operationisprettysteadywith
somesmall variationsin H2 concentrationin the loop.

5/16 01:45 353:45 Level in 28,40 is 70%. Block-in22.18 dischargeline and
drop22.18 pressurebackto 23 psig, Plantoperation
largely unaffected.

08:00 360:00 End of data period for run AF-R3.2. Begin reducing ' ,
rates.

09:30 361:30 Rates are at designflow of 46,400 SCFH.
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_ _ DEBCRIPTION

12:00 364:00 Temperatureoscillatingsomewhatwhichis showingup
as +/- 0.2% inDME concentrationin reactoreffluent,
Currentlyreturningcontrollers,Average productionis
notaffectedsowillmark thisas beginningof runAF-
R3,3 data period, Reactorat 480 F, 750 psig. Reactor
feed flowis 46,800 SCFH at 36% H2051% CO, 1/_%N2,
11% CO2, 1% DME. Reactoreffluentis 25% H2, 47%
CO, 1/2%N2, 15% CO2, 6,g% DME, 2,9% MeOH,

18:00 370:00 Reactortemperatureback undertightcontrol- DME
compositionineffluenthasstabilized.

5/17 00:30 376:30 Plant runningsteady,

09:00 385:00 End of dat=aperiodfor runAF-R3.3, Have been
operatingat reducedlevel. Beginto pumpoil from 27,14
to reactorin orderto increaselevelto 100%,

10:00 386:00 Level up to 100% in reactor. Will take data for 6 hours
to see if productivity/selectivitychange.

13:40 389:40 There is no significantchange inproductivitybut may be
a slightincreasein DME selectivity.

14:00 390:00 Regularoperationsend, Beginreactor/plantcooldown,
Syngasout, N2 in

17:30 393:30 Compressorshutdown.

17:50 393:50 Reactorat 200 F. Shutdowndata computer. Begin
drainingliquidfrom reactor. DrainintodrumsD1-DS.

5/20 Planthas beendown undernitrogenpurgeover the
weekend

07:00 NDG calibrationperformedundernitrogenat 198, 55,
and6,5 psig,

Reactortop andbottomheadsremoved forvessel
inspection.Top head is veryclean, internalheat
exchangerpipinghas 1/8"of crustedcatalyston
horizontalruns,reactorwalls showslight"film"but can
clearlysee metalsurface. Bottomhead and 4" liquid

. slurryline are a d_iferentstory. '
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_ _ DESCRIPTION

Bottomheadis filledwithslurryuptoaboutt" belowthe
bottomofthe sparger,Scooped.out74 Ibsofmixedoil
andcatalyst,Mostof thismaterialwasblackwith
intermixedbrownandred. Somematerialwas verydry
andcrumbledwhenheld,

The4" linebetweenreactorheadandblockvalvewas
alsofilled- 14 Ibsremoved.

5/21 Bottomplatewas removedfrom27,14, Insidewasclean
withonly3/4"ofslurrycoveringthe12"plate.

TheInletheadwasremovedfromthe22,10exchanger
toinspecttubes.Verycleaninsidetubeswitha littlebit
ofcatalystonthetubesheet,

o
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APPENDIXC : NUCLEARDENSITYOAUGECALIBRATION
i

The nucleardensitygauge(NDG),whichisusedtomeasurethevaporvoidfractionInthe
slurryreactor,wascalibratedon25 and29 April1991andrecatibratedon20 May1991,
The derivationof operativeequationsandthedetailsof standardmeasurementpositions
havebeenpreviouslydocumentedanddiscussedindetail(*).

Theequationusedtodeterminethevaporholdupisdefinedbelow:

in(l) = GL((cxp_)v+ (0tpE)L+ (otpE)s)

where

Io = radiationintensityofsource,correctedforabsorptanceofthe
emptyvesselandinsulation.

I . radiationintensityas measuredatdetector

• G = geometricfactorforthesystem

L - pathlengththebeamtravelsinsidethereactor

a = absorptanceofphaset

p = densityofphasei

¢ = volumefractionofphasei

v,L,sdenotesthevapor,liquid,andsolid(catalyst)phases

Calibrationofthe NDQisperformedwithnitrogenat differentdensities(pressures).For
thesingle.phasesystem,thegeneralequationabovereducesto:

In(I)= in(Io)- GL • (ap)v

Whenthenaturallogof themeasuredintensity(I)is plottedagainsttheproducto_p,then
theslopeyieldstheproductGLand theinterceptyieldsthenaturallogofthecorrected
sourceIntensity,Io.

Calibrationis carriedoutatdifferentpositionsalongtheheightofthereactor.It isfound
thatsmallvariationsInthecorrectedsourceintensity,Io,existatdifferentpositions.These
variationsare duetosmalldifferencesinwallandinsulationthicknessaswellas thestate
of theinsulation.It isconvenientto defineasourceintensityat thestandardposition,los,

o
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andrelateallotherintens=tlesthroughcorrectionfactors,Ca, Thus,atanyposition,the
intensityisgivenby,

io',, to_.CR

TheNDGwasInitiallycalibratedon25April. Thestandardpositionsourceintensity,iol,
appearedlowwhencomparedtothepreviouscalibration(June12,1988)whilethe
geometricfactor,GL,wasvirtuallythesame. Thedeclineinloswithtimeis to be expected
sincetheradiationsourceintensitydecayswithtime(half-lifeis 11074days). However,the
observeddeclineinloswasslightlygreaterthanonewouldexpectfroma simple
exponentialdecay, Itwasconcludedthattheinsulationwasprobablynotcompletelydried
outand,as a consequenceofwaterabsoption,the apparentsourceintensitywasbeing
understated,

On29 April(afterthereactorhad beenheatedwithsyngasand oilfor3 days)a calibration
scanwasconductedat lowpressure(11.5psig)and iswasobservedthat,indeed,loshad
increasedto a levelmorein.linewithexpectations,Uponcompletionof operationsa three
pressurecalibrationwas alsoconducted(on20 May), Indeedthesourceintensity
appearedas-expectodbasedonsourcedecaytheory,The finalcalibrationto be usedfor
thesubsequentanalyseswasbasedonthevaluesofGLandCadeterminedduringfrom
thedatacollectedon20 May, Thesecalibrationconstantsare presentedinTableC1 and
comparedtotheJune12,1988lind25Aprilcalibrations.

TABLEC1
CALIBRATIONCONSTANTS

Date (m/d/y) 6112188 4/25191 5/20191

!c_ (cps) 456,900 412,600 431,415
GL (ore) 47.23 47,41 47.41
HalfLife (days) 11074 11074 11074

CR Position(inch)
36 1.00 1,00 1.00
54 1.0i 1.01 1.01
88 1.00 1,04 0.97

108 0.99 1,05 0.99
120 0.99 1,01 0.99
156 1.01 1,03 1,01
184 i .03 1.07 1.05
213 1.07 1,09 1,08

The rawcalibrationdataispresent(_dinTableC2;a plotof the NDGcalibrationis
presentedinFigureC1. The toplineinthefigurerepresentsthepriorcalibrationfromJune
12, 1988;thedashedlinerepresentthecalibrationfrom29 April,1991,
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In ordertoproperlyuse theholdupequation,the absorptanceanddensitiesofthesyngas
(vapor),slurryoil(liquid),lindcatalyst(solid)are required.Theebsorptanceofthe |yngae
Iscalculatedfromthemassaverageabsorptanceofeachelement(see '); thedensityill a
functionof composition,temperatureandpressure.Forthecondensedphases,at reactor
conditions(482°F),the8bsorptance(a) anddensitiesareas follows:

Absorptance Density
, (cm,/g)

Drakeol10Oil 0.08776 0.67
BASFS.386 (reduced) 0.07343 5.73
Alumina(dried) 0.078i8 3.31

Elements:
H 0.15370
N 0.07750
0 0.07750

(') References:

Thedetaileddescriptionanddocumentationof thenucleardensity
gaugeequationsas wellas thejune 12, 1988calibrationdatacanbe
foundin. "LiquidPhaseMethanolLaPorteProcessDevelopmentUnit:
Modification,Operation,andSupportStudies*,TopicalReporl:"Talk
2.0: RunE.5,Gas Hold.uplindEquipmentEvaluationStudies,Appendix
A.', 2 January,1991,No.DE-AC22.e7PC90005.
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TABLEC3

CALIBRATIONDATAFORTHENUCLEARDENSITYGAUGE
II II H : Ilfl_rl I ........... finl]llllll_...................................... _ _ Illl III iIiiirfl I I ....................

Dill ae.Aw.S1 [II, Aw.91 H-Apr.S 1 Ili_AW.I 1

(_|111 N| N| N| N|

Temp 'F N 9o eo lie '
Pressure pslg !s to3 slo ?u
Density O/ore3 0,O02S 0OOOO 0,0a41 0,06_ ,
Absorptlvlt¢m2/g oo_o o.oTts oo_s o,o_'s

RAWDATA

Number Position intensity GR Intensity CR Intensity CR Intensity GR
InonTIpl ¢ply1000 q:)ly1000 ¢pi/I000 ops/1000

1 sis 4aT,s 1,0o 4aT,z l_m) 4oa7 1,oo 31ao 1,0o
e im4 4=oa io7 4il1,1 lOS zsT,s 1,o7 311,4 I,O7
$ IM 4144 103 404| 1,05 3117 1,03 317,0 i,0O
4 ires 4o4,7 1,oi m,o 1,oi sTz,s 1,01 m,s 1,01
s I0, 41e,z i.04 40o.i 1,04 m,s 1,04 _4il,0 1,0a
s u 41s,e i.o4 40m,o i,o4 m,o i,o4 z41.s i,o4
? 84 406,1) 1,01 19(1.4 1,01 374A 1.01 1310 1,01
s x 4oll t,0o ZSl,S 1,0o 37o,? 1,oo w,t 1,0o

AVe 41s.e 40S,? 3S4,2 Mg,0

__ __ IIII I]11II I II __ Illl!l II Irlll I1 II ................ IJ ...................... .... -- "" _ II I

!

O|te n.Aw.et IO,MIy.OI N-AW,Sl mI.AW.01
Oes Nil N| Nil N|

Temp *F w 14 m /o
Premium pllg ti,l iN lie e,s
Density g/orn3 o.ooao O,OLO? o.0ou o.0o17
Ablorpttvltom2/g o,o/'/'s o.o/?s o.ons o.o7/I

RAWDATA

Number Position Intensity OR Intensity CR intensity CR Intensity CR
inon Tepl ¢ps/lO00 cpiVlO00 cpUIO00 cpe/lO00

i SlS 4.7 1,11 4_7,a 1,0a 4H,il 1,0e 4s3,e 1,0m
2 1114 4_,e 1,04 4ile,s 1,08 .1,o 1,04 44S,S 1,06
3 iX 41S,6 1,0il 400,6 1,01 4i_64 1,0O 431,7 1,01
4 IS0 401,4 0,99 403,a 1,00 419,4 0,09 4;16,8 o,9e
S 100 4n,4 1,03 $0o,a 0,0o 418,2 0,0o 4233 0.0g '
l lie 4Sl6.i 1.04 400.6 0.99 410,6 0.g7 416.1 0,07 '
? 84 4i 1,7 1.01 400,9 1,01 437,0 1,01 434.0 1.01
8 16 400,0 1,0o 404,11 t ,00 433,6 1,0O 429,0 1,00

AVe 4;13.1 411.3 4ilT,S 433.0

0,4





APPENDIX D: TRACE COMPONENT ANALYSIS OF SYNGAS

During the carbonyl burnout prior to Run No. AF-A1 (4/26/91-16:00 to 4/28/91-16:30),
the syngas was analyzed for trace components such as iron carbonyl, nickel carbonyl,
chloride and H2S. The samples were taken at sample port #5 (hot reactor inlet) as well
as sample port #3A (hot reactor outlet).

The carbonyl results are summarized in Table D1. Two methods were used to test for
the presence of carbonyls: wet chemical analysis and gas chromatography using an
electron capture detector (ECD). The GC analysis indicated 0-5 ppb iron carbonyl and
0-7 ppo nickel carbonyl. The wet chemical analysis showed about 6 ppb iron and 2 ppb
nickel carbonyl. These levels are extremely low and very near the detection limits. The
good agreement between these two methods lends credibility to the GC method.

The chloride and H2Sresults are presented in Table D2. The H:S content of the gas
was < 2 ppb. Colorimetric tests for chloride indicated 1-2 ppb chloride. Wet chemical
analysis was not sufficiently precise. Additional tests for chlorides by NUS Laboratory
Services using NIOSH method P&CAM #115 (ion selective method for chlorine ion)
indicated 3-8 ppm.

CONCLUSION: The trace component analysis indicates insignificant levels of catalyst
poisons in the syngas.
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TABLE D1
IRON AND NICKEL CARBONYL ANALYSIS OF SYNGAS

J

(Prior to Run No. AF-A1)

Resultsfrom GC Analvsi,s

Date Time Gas Condition Sample Carbonyl Concentration (ppb)
Port Iron Nickel

4/26/91 1800-1845 Cold, Once-Thru 5 0-3 0-4
4/26/91 1800-1845 Cold, Once-Thru 3A 0-5 0

4/27/91 0900-1630 Hot, Oi;ce-Thru 5 0-2 0
4/27/91 0900-1630 Hot, Once-Thru 3A 0-3 0

4/28/91 1020-1040 Hot, Once-Thru 5 0-3 0-7
4/28/91 1020-1040 Hot, Once-Thru 3A 0-2 0-6

• 4/28/91 1600-1620 Hot, Recycle 5 0-2 0
4/28/91 1600-1620 Hot, Recycle 3A 0-1 0

ResultsfromWet Chemical_nalvsls

Date Time Gas Condition Sample CarbonylConcentration(ppb)
Port Iron Nickel

4/26-27 2025-0825 Heating, Once-Thru 5 < 20 2
4/26-27 2025-0825 Heating, Once-Thru 3A < 20 0.8

4/27191 0950-1050 Hot, Once-Thru 5 < 5 < 5
4/27/91 0950-1050 Hot, Once-Thru 3A 6 < 5

4/27/91 1220-1830 Hot, Once-Thru 3A 6 < 2

4/27-28 2000-0850 Hot, Once-Thru 5 < 10 0.5
4/27-28 2000-0850 Hot, Once-Thru 3A < 10 0.9

4/28191 1020-1140 Hot, Once-Thru 3A < 10 < 10
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TABLE D2
CHLORIDE AND SULFIDE (H=S)ANALYSIS OF SYNGAS

(Priorto Run No. AF-A1)

ResultsfromWet ChemicalAnalysis

Date Time Gas Condition Sample Chloride H2S
Port (ppb) (ppb)

4/26/91 1825-2000 Cold, Once-Thru 5 < 1000 < 2
4/26/91 1825-2000 Cold,Once-Thru 3A < 1000 < 2

4/26-27 2050-0825 Heating,Once-Thru 5 < 600 < 1
4/26-27 2050-0825 Heating,Once-Thru 3A < 250 < 1

4127191 0930-1130 Hot, Once-Thru 5 < 1500 < 2
4/27/91 0930-1130 Hot, Once-Thru 3A < 1500 < 2

ResultsfromChlorideColorimetricTest

Date Time Gas Condition Sample Chloride
Port (ppb)

4127191 i920-2100 Hot, Once-Thru 5 < 10
4/27/91 1920-2100 Hot, Once-Thru 3A < 10

4128191 1000-1515 Hot, Once-Thru 5 < 2
4/28/91 1000-1515 Hot, Once-Thru 3A 1-2

Resultsfrom ChlorideIonSelectiveElectrodeTest

Date Time Gas Condition Sample Chloride
Port (ppb)

4/27-28 2000-0850 Hot, Once-Thru 5 < 3
4/27-28 2000-0850 Hot, Once-Thru 3A < 3

4/28/91 1000-1630 Hot, Once-Thru 5 < 6
4/28/91 1000-1630 Hot, Once-Thru 3A < 6

I

4/28/91 1200-1630 Hot, Once-Thru 5 < 8

i
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APPENDIX E: CATALYST ACTIVATION

The catalystactivationrun, AF-A1, was conductedover theperiod29 April1991 to 1
May 1991.

Q

489 pounds of catalystwas slurried with mineral oil and transferred to the reactoron 29
April. At 18:30 the reductiongas compositionwas lined-upat a nominalcomposition
of:

1.2% H2,1.8% CO, 0.5% CO2,96.5% N_

The reduction gas flow was approximately 15,000 SCFH. The catalyst activation took
place at 100 psig. The temperature in the reactor was ramped while under reduction
gas tn accordance with established procedures.

The initial temperature of the slurry was 220°F. By 11:00 on 30 April the temperature
was at the first hold point of 391-3920F. At this point the uptake of H=and CO was
complete. The slurry temperature was held at 392°F for 12 hours.

At 23:00 on 30 April the ramp to the second hold temperature (464°F) began. By 04:00
on 1 May the slurry temperature was at 464°F. The temperature was held for one hour
then cooldown began.

The reduction data, which Includes: gas composition in-to and out-of the reactor, slurry
temperature, and reduction gas flow, tspresented In Table El.

The compositionswere measured using both GCs (GC#1 and CG#2). A comparison of
the agreement between the two GCs is shown in Figures E1 and E2 for Inlet and outlet
compositions, respectively.

The instantaneous total-gas uptake is computed as:

U. = F=,
where,

U_ = instantaneousuptake (SCF/Ib-hr)
F_s = flow of gas to reactor (SCFH)
&YH2 = change in compositionof H2(in-out, mole fraction)
&Yco = change in compositionof CO (in-out,mole fraction)
McAT = massof catalyst,oxidebasis (Ib)

j

The total uptake is computedby integratingthe instantaneousuptake over the periodof
the activation. The cumulativeuptake is displayedin FigureE3 as a functionof slurry

' temperature. Note that the final uptake was 2.27 SCF/Ib oxide which is 80% of the
theoretical maximum (if all the copper in the catalyst were reduced the uptake would be
2.82 SCF/Ib).
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APPENDIXF :
ANALYTICALDATA/ LIQUIDPRODUCTION/ CATALYSTRECONCILIATION

Mostoftherundatawas recordedbyth_dataacquisitioncomputerandsanbe retrieved
fromtapeinthefuture,ifnecessary,Someof thedata,however,isnot. Thissection
documentssuchdataas wellas *corrected'data.

LiquidSamples

Liquidsamplesweretakenfromthebottomofthe22.11 flashpot. Duringmethanol.only
operation,thissampleIs representativeofthe methanolcollectedinthedaytank. Table
F1 presenttheanalysisofindividualsamplestakenroughly12hoursapartduringtheAF-
RI series,

TableF2 containstheanalysisof 22,11liquidsamplestakenduringtheAF-R2andAF.R3
series. Notethatan additionalcomponent,cllled Volatiles,hat beenadded. When
significantquantitiesof DMEareproducedanda sampleIs takenfromthe22.11,gusel
areevolved.A methodofdeterminingthequantityofgasesevolvedwasdeveloped
(basedonweightdifferences)andappliedtooorreottheGC analysisof theremaining

. liquid,Basedonthermodynamicequilibriumcalculationsit Isestimatedthatthevolatlles
contain60% DME,20% COs,20%MeSH(bymole).

TableF3 containssomemiscellaneousliquidsamplestakenduringthecoureeof
operations.

VaporSamples

Duringthe DMEruns,thevaporsfromthe22.11flashpotand22.18DMEdegaaserwere
takenatdiscreettimesandnotoontlnuoully,TableF4 containstheoompotlttondatafor
the22.11;TableF5 oontatnsthecompositiondataforthe22.18.

Thereactoreffluentcompositioniskeyto developingaccuratemassbalances.
Unfortunately,theKarleGCBarenonlinearIntheresponsetomethanol.Thismeansthat
responsefactorsdeterminedforonemethanolcompositionisnotthesameforeither
higheror lowerconcentration.ThesolutiontothisshortcomingIntheGCBIs todevelop
responsefactorschartstocorrecttheanalysesreportedbytheGCs.

Procedurally,a 3.82 mole%MeSHstandardis usedto calibratetheGCsandcorrection
factorsareappliedwhenthemeasuredcompositionIsdeviatesfrom3.82mole%. TheGC
correctioncurvesweredevelopedbasedonavailable1.22mole%and3.82mole% '
standardsandpreviouslydeterminedcurves.A comparisonof theprevioussoftest!on
curvesandthe"new"correctioncurvesispresentedinFigureF1.

4
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ThecorrectioncurvespresentedinFigureF1wereappliedto theGO.reporteddatato
correcttheMeOHcomposition.TheaatuaiMeOHandDMEconcentrationstnthereactor
effluentarepresentedinFiguresF2, F4,andF5 forrunsAF.R1,R2,endR3, respectively,

LiquidProduction

The liquidproductionis measuredbytrackinglevelriseinthe22.16daytankwithtime.A
plotofaccumulatedproductionwithtimetepresentedinFigureF5. Theproductionrateis
calculatedfromtheslopeoftheproductioncurve(as Isreportedonthefigure),

CatalystRe©onalllatlon

Establishingthequantityofcatalystandcatalystproportionwithinthereactorwas
complicatedbythefactthatcatalyetwilt withdrawnandaddedon twooccasionsandby
theoccurrenceof catalystsettling.Fortunately,thecatalylt"materialbalance'couldbe
closedwithreasonablecertainty.

Thequantitiesof catalystaddedtothesystemareeasilydeterminedsincecatalystwas
addedbymeasuredweight,Themethanolcatalystwas addedonce(489Ib), Aluminawas
addedontwooccasions(32 lband67,5 Ib), WhenthemethanolcatalystIsaat!vatedthere
isa 25% weightloss;whenthealuminaIsdriedthereIsa 4%weightloss. Fromthisthe
J3Jt.tweightof catalystaddedcanbe calculated.Then weights,lummarlzedinTableF6.1,
mustbe accountedforlater.

Whencatalystwas removedfromtheplantitwu drainedinto55 gallondrumealongwith
an unknownquantityof o11.Theweightlindvolumeofeachmixwasmeasuredandfrom
thisthe deneityof thellurryineachdrumcouldbedetermined.

Therewere12differentlotsof oatliylt andollwithdrawnfromtheplant.Thewelghtl I_d
densityofeachlot issummarizedInTlbla F8.2. Totummldze, twodrumsweredr=ned
fromthe reactorduringtherun(marked81 and82), 5 drumlweredrainedfromthereactor
attheend.of-run(denotedD1.DS),3 drumsof "dnleo11"wire drainedfromplant(marked
aeR1-R3,thesecontainedverylittlecatalyst),and2 lotsof concentratedslurrywere
physicallyremovedfromthebottomof thereactorfollowingabut-downandrinsing.

Thedensityof thereducedordriedcatalyetweeknownandthedensityoftheoil-alone
was measured.Thesedensitiesare:

Component Density
ib/fP

BASF$3.86 357.6
Catapal-t-Alumina 206.5
Oil 53.3

If theproportionof aluminaisknownthenthequantitiesofo11,methanolcatalystand
aluminacanbe determinedforeachdrum.To determinethealuminaproportionthe
followingsequenceofeventswereassumedto occur:
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! 489 Ib Methanolcatalystwaschargedtothereactorandfullyreduced

2 The14 Ib"lodgedinpiping"lotsettledinthe4"pipingInthereactorbottom
duringactivation,

' 3 Drum81 waswithdrawnfromthereactorattheendofAF.R1.

4 32 Ibof aluminawasdriedthenaddedto theremainingmethanolcatalyst

5 Drum$2 waswithdrawnfromthereactorat theendofAF.R2

6 67,5 Ib ofaluminawu driedthenaddedtotheremainingalumina/methanol
catalystmix

7 The74 ib"settledtnreactorhead"lotsettledoutInthebottomheld right
beforeAF.R3begin

8 FollowingrunAF.R3,theslurryInthereactorwasdrainedintodrumsDI-D5

9 Rinseoilwasaddedto there|afaranddrainedIntodrumsR1-R3

Giventhissequenceof eventsitwas possibleto calculatetheproportionof aluminaInthe
reactorat anypointduringtherun, WiththisInformationthequantitiesof83-86, alumina
andoilweredeterminedforeachlotts summarizedinTableFe.2. Theweightofalumina
and83.66 wasthensummedforallthelotsu Indloatadby"TOTAL"(InTable_6.2),
Thesetotalsmustagreewiththe"TOTAL'fromTableF6,1, AS_n be seen,agreementis
within1%whichisexcellent.

Asa aheckontheconsistencyof thismethod,elementalanalysisofselectedlotswas
performedas summarizedinTableF7. Asshowntheagreementisreuonable.

Tosummarize,thequantityandproportionof r,ltalystInthereactorforeachof therunsIs
presentedbelow:

RUN Massof Catalyst(Ib,As.ChargedBasis) Weight%
BASF83-86 Alumina Total AlumlrB

AF-A2 489,0 0.0 489.9 0,0

AF-RI 479,4 0,0 479.4 0.0

AF-R2 452.6 32.0 484,6 6,6

AF-R3 362,6 86.7 449,3 19.3

1=.3
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TABLEF8
CATALYSTINVENTORYRECONCILIATION

.......... 111111111 1 ii i I I II .............................................. 111,111-- ii ii i [lllll11111111flII I I I l + I lJll ....

8.i Catalyst Added

Weight As Charged (Ib) After Aotlvstion/Drying (Ib)
Dale 83-88 N203 Total 83.46 .1,1203 Total

. 4/29/91 intUalCharge 489 0 489 367 0 367
5/6/91 1stAluminaAddition 32 32 31 31

5/12/91 2ndAluminaAddtUon 67.8 88 65 65

TOTAL 366.11 gift 482,4

L + I I1 II IIIIIfl II II IIIIIII I II j I I It ....................... III IIFI[11 Ill .......... I I I [ IIIII I .._

8.2 Catalyst Reoovered (Calalylt Dlta on Poll kclJvlllolVPrylng Bills)

Date Total Wt Densely Weight Wl % Catalyst Mass (Ib)
Oil+Cal. (Ib/ft3) Friotlon .41203 8348 AI203 Total

(Ib) Catalyst

5/7/91 81 - 1stDmln 78 68.56 0.2618 0 20.4 0 20.4
5/13/91 82- 2nd Drain 150 70.32 0.2674 8.31 39.5 3.6 43.1

5/17/91 D1 - PostRun Drain 348 83.72 0.1982 23.47 82.8 16.2 69.0
D2. Post Run Drain 388 63.15 0.1890 23.47 56.1 17.2 7_3
D3 - Post Run Drain 378 83.43 0.11)36 23.47 56.0 17.2 73.2
D4- Post Run Drain 402 62.74 0.1824 23.47 56.1 17.2 73.3
D8. PostRun Drain 323 62.61 0.1802 23.47 44.5 13.7 88.2

5/20/91 R1 - Post Run Rinse 386 54.t7 0.0196 23.47 5.8 1.8 7.6
R2- Post Run Rinse 380 53.98 0.0152 23.47 4.4 1.4 8.8
R3 • Post Run Rinse 286 63.48 O.0042 23.47 0.9 0.3 1.2

5/21/91 Lodgedtn Piping 14 - - 0 7,4 O 7.4
Settledtn ReactorHead 74 92.82 0.6158 23.47 26.0 8.0 34.0

TOTAL _lg.g NA 456A

_. I Illtl I IIIIII IIII IIIII IIIIIIIIII I[I II IIII I I II m_ HI III IIII _ I III II _ +--- +

TABLE F7
ELEMENTALANALYSISOF CATALYSTSAMPLES

,1111111ii iiii ii IIII III I I II I I I I I III _11111I II II I I ]1111 MII[I - IIII I I II

Eiementel Analysis

Cu Zn AI Wt% AI203" C,u/Zn(Ib/Ib) •
(wW,) (Wt%) (wW,) mill illumed moll vendor

5/13/91 82- 2nd Drain 67,81 23.78 8,44 6,9 6.6 2.86 2,6

5/17/91 DI. PostRun Drain 59.54 20.61 19.55 20.6 19.3 2.89 2.6
D3 - PostRun Drain 53.18 1g.05 27,77 30.3 19.3 2.79 2.6

5/21/91 SerVedIn ReactorHead 54.25 18.85 +1.20 29.5 1g.3 2.92 2.6
Settled In ReactorHead 56.06 19.71 24,23 25.9 19.3 2.84 2.6

i Settledin ReactorHead 55.99 19.56 24.45 26.2 19.3 2.86 2.6i I I iiiiiii iiii -: ii III I IIIIII II I IIIII I IIIIII III ii _ iiii j .i . llf _ IIIIII II

i

• The "measured" A1203 content of lhe calalyst mix (oxlde/wet bash) wu calculated Itom lhe elemental lnalym
as was ihe "measured" Cu/Zn ratio. The "mmumed" Al203 content was based on material charged arC, or setlled.
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APPENDIXG :MATERIALBALANCEDATASHE_8

Detailedmaterialbalancesheetsarecontainedhere. TableG1 providesdefinitionsand
, clarifications,TablesG2-G1i containthedataforeachoftheruns,
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TABLEG1 :DEFINITIONS

- Ii[I_ __ .... . _.!rllfillrl II I IIIII I II III I I iIIIIIIriillllllllrl "- II lilt i_" I[[[ I I] ]llll _ [llJ][I - - II i ....... I I .............

VAr_IABLE DEFINITION '

Temperature('F) Rea©torTemperature
Pressure(pslg) Reactorl_exum
ReactorLevel(inchesonTape) i_ry level inreactor ¢_meazuredonthe tape (213'Iz100%of maxlevel)

SpaceVeloolty(sL/hr.kgoxide) I¢_ae velm:Ityof feoct¢_feed gal, (:ot_ylltweightIllonal.charged ball
CatalystProportion(%AI203) Thewel_t 'If,aluminainthea*umr_/13.i6mix
CatalystWeight(Ib) Totalomountofootelystintea©tot,m.chotgNbow
SlurryConcentration(wt%) the weight%of catolylt tntt_e¢ototylt/otimix,m-¢horged bail
InletSuperficialVII. (Wile) GI velo(:ttyoftic.tot feed,bad on(:rClHeOtionalt_eo of Nmot_
Outlet8upedk:lalVel.(WHo) ¢w velocityofreaotc_effluent._ on©roa-w©,ma!oreoofreac:tw

GaSHoldup(vol%) Theyokel _ v¢morInthelun-_,
COConversion(%) Theamount of CO Inthe reaator feed which it ¢oril..rned inreo©tion('t,)

" Synge! Conversion (%) Theamountof CO+H2in the reactorfeed whichti ¢¢r_.J_ed in rtmctton

Eq.Productivity(gmolel/hr.kg) l_o¢lu¢lW-vof MIOH plultwtcethe pfoductMtyof DME
MeOHMike (Ton/day) AmountofM.OHW_:ed inmereaet_
DMEMike (Ton/day) AmountofOMllWodu¢t¢lInthereaator

8tre|m Deilgnltlon
FreshFeed RowofmmwtolIntotheI_ont
Recycle 1"n,flowwhichcam_ _ r_N,__Kt toformtheRea_ r_,
ReactorFetd Rtmy_enowplumr.femFeedflow,RowtorKmtor
ReactorOut va_r _ frc_the27.1¢reactorer_uer_tI_ ou
22.10Sip V|p v_ from_12.10tlpcl'otof, liN_tto DMrdCO2lectton
22.11 Liq UcMdIIowfrom22.11flQlhpot.tent to day tank, exJtliDiont
22.11Vap Ramgwgonercteclwhen22.10liquid/ Nmtto22.11,exitsplant
PlantPurge Rantp'Jge,minecomamltlonmRecycle,e_aplont
DME Product U_d¢ft_n the:12,14le;x_mtot,generaiiyvaporizedal rejected m gas

Flow (Ibmole/hr) Flowof deligrloted irtmaminmo_o_ur_t_
MW Molecularweightofdellgnoted Cream
Flow(Ib/hr) r,,iowof dWgnated ttre¢lmInmc:_urdtt

_!!!,.1!! I I Iall]llaaallI II I II I I I _i..,_-_3 II "................ .- _ - .................. ...............
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