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ABSTRALT

The Liquid Phase Methanol Pracess is a viable alternativa to traditional gas
Phase methanol pracesses and it well suited to coal-derived Synthesis gas which
s rich tn carbon moroxide. This paper destribes the progress that has been

made at the LaPorte LPMEDK process facility during the summer of LTI

The primary purgose of the Process Develcpment Unit (PDu) operating program ts
to obtain sufficient gata to evaluate the LPHMEQH technotogy and allew For a
tonfident move te the next scale of eperation. Several process improvements,
irzludding eliminztion of the Myuid cireulation Tepp and operating at high
slurry eoncentrations, have simplified and improved the economics of the

process. These modifications were evaluated in the summer of 1983,

The productivity of the modified LaPorte PLU was near or above the productivity
Fred*cted by a laboratery scale dutoctave, and record froduction rates of

10 tons per day were achieved, This was achteved using a CQ-rich (26% HE'

S1% g, 13x EQE. 1% NE} feed gas with a Hzfcﬂ retie of 0.7 at catalyst
deactivation rates of 0.2 X/day. STurry concentrations of 45 witX were
successful and gave higher productivities than previous azttempts. This
Progress represents another step tawards commercizlization of the LPMEOM

bBrocess.



IRTRIDUCTICH

Methanz! is & wersatile tnmmﬁdity chemical with applications ranging from
synthetic fuele to feedstocks for higher valued themicals such as methyl
methacrylate and methyl t-butyl ether {MT8E-an octane booster). Hany
app’ications have evolved For methanol as a fuel dncluding methannl as =
gasoline extender, the methancy to gasoline process, and integrated
qasification-combined cycle fIGCC) technology for the cepraduction of methanol -

and electricity.

The Llicuid Phase Methano) {LPMEQHW*} process represents a major departure from
traditionz] gas-phase rowtes to methancl in the method of remeving the heat of
reattion. The reactions of hydrogen and carbon oxides to form methanal are
‘highly exsthermic {Figu=e 1}. Dne of the most difficult design probiems of the
methanal syRthesis procass is removing the heat of reaction while maintaining
close temperature contral to achieve optimum cataiyst 1ife ano reaction rate.
Catalyst life §s sertously reduced by excessive temperatures. In conventional
cas-phase reactors, either cool unreacted gas, injected ot stages in the
catalyst bed, or internal ccoling surfaces are used to provide temperature
control. These schemas, howaver, were dEvEWOped for d1luted syagas which
ylelds low cenversion per pass. The Liguid Phase Methanel process useés a salid
catalyst enfra1ned in an inert hydrocarbon Yiquid, usualiy & mineral pil. The
presence of this liguid adserbs the reaction heat, effectively contrelling the

reaction temperature, thereby allowing @ higher conversion per pass than in

* | PMEQH 15 a trafewmark of Chem Systems [nc.




gas-phase processes. In addition, LPMEOH process technology is particularly
well suited to coal-derived synthesis gas which is rich in carbon monoxide.
These capabilities make the LPMEOH process a potentially lower-cost conversion
route to methanol, especially when methano) coproduction is added to a
coal-based IGCC power plant. For a modest increase in complexity of an IGCC
plant, the methanol coproduction scheme produces a storable liquid fuel inr
paralle] with electric power production, providing a significant turndown and

peak-load capability for the IGCC plant.

Beginning in April 1987, engineering design and subsequent construction
modifications began on the LaPorte Liquid Phase Methanol Process Development
Unit (PDU}. 1In July 1988, the first results were obtained on the modified and
simplified PDU and currently a long term catalyst evaluation is in progress.
Prior to the current progﬁam, a total of five major PDU synthesis runs and
numerous hydrodynamic and analytical tests have been conducted at LaPorte since

commissioning of the PDU in March 1984,

The work reported here is funded by a contract entitled "Liguid Phase Methanol
LaPorte PDU: Modification, Operation, and Support Studies" and Qas awarded to
Air Products and Chemicals, Inc. (Afr Products) by the United States Department
of Energy (DOE) (DE-AC22-B7PC90005). Air Products is the prime contractor
providing overall program management, engineering design, procurement,
construction and operation of the PDU and provides support through laboratory
research and development. Chem Systems Inc., inventor of the Liquid Phase
Methano) process, acts as the key subcontractor in the program. (ost-sharing

ts provided by Air Products and the Electric Power Research Institute {EPRI).



Lg®arte POU YU'sticry

The primary function of the LaPorie POU ts to acquire datm using a

representative enginzering ccale for testing the Feasibility of the LPHEQH
process. Thus, the PRU was desigred with the capablility of generaiing and
coellecting plant data over A wide mange of operating coRditions and was

priginaliy designed to produce 5 tons of methano] per day.
The principal reactor feed gas composzitions considered during design were:

. Balanced Type {(Table V), in which the hydrogen and carben exide

cancentrations are approximately stofichiometrically palanced +n orger tr

gchieve an "ali-methanol” product.

. tO-rich Type (Table 13}, in which the hydrogen and carbon oy ide
concenirations are not stoichiometrically talanced, is representative of
syrthesis gases from medern ¢nal gasifiers. These gQases are cuitakle far
snce-through methanol synthesis in an 16¢¢ plant configured to make

elpctric power &nd coproduct methangl.

The different reactor feed gas compesitions are hlended ¥ rom Hgl €0, HE'

anc CH, supplied by Afr Products' adlacent syngas Facility. Carbon dioxide

Fl
ie trucked into the plant as a 14quid and stared on-site. since enly a portion
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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. Recycling the unconverted synthesis gas reduces gas consumption by

70 percent for cost-effective operation at LaPorte.

A simplified process flowsheet for the original LaPorte POU is shown in Figure
2. The makeup synihesis gas is compressed to the reactor pressure {3,500-6,300
kPa, 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 inert hydrocarbon liquid or slurry that
circulates through the reactor is separated from the unconverted synthesis gas
and methanol product vapor in the primary V/L separator, ‘and recirculated to |
the reactor through the slurry heat exchanger. The circulating liquid and
slurry can be heated or cooled in the slurry exchanger to maintain a tonstant
reactor temperature, depending upon the level of conversion, system heat
losses, and the rate of cold seal flush required by the slurry pump. A utiltity

01l system provides the heating or tooling duty to the slurry exchanger.

The unconverted synthesis gas/preduct methanol stream Teaving the primary v/L
separator is cooled against incoming feed gas and the condensed o011 1;
separated in the secondary V/L separator. The uncondensed vapor §s further
cooled in the product cooler. Condensed methanol is then separated from the
synthesis gas before being piped to product storage. A small purge stream is
sent to flare. The bulk of the unconverted synthesis gas is compressed and

returned to the frort end of the POU. Additional systems are present to



artivate the catalyst, provide seal flush to the sterry pump, and mix catelyst ‘

slurry for the liquid-enirzined mode of operation.

Previous LaPorte POU operatiens, conducted during five major tynthesis runs,
suctessfully demonstrated LPMEDH process technology A1 & rapresentative
engineering scale, The PDJ accumuiated over 2,500 hou-s of methanel syrthesis
pperation {over 2200 hoors with CO=rith gas) with an gn-stream factor of 95-1DC
percent. ldentificitﬁun of catalyst poisons [iren and nickel carbonyl) and
subsequent app1i£atﬁun of new metallurgy contributed to superior performance.
Low tatalyst deactivation while operating the 14quid-ertra‘ned system with a 25
why catatyst sturry for 40 days on CO-rich synthesis ges anc matching
laboratory predictions for catalyst Jife and actiﬁity was a notable
achievement. Methanol preductien evels as high as 8 TPD for balanced gas faed
and T TPD for CO-rich gas feed were athieved; ihe purity of the methans? J
product From CO-rich gas was contictantly higher than 96 wi%, & geod quality

for use 25 a fuel.

Previous operatioh at 45 wiX slurry concentration was @130 successful. The

ability tc activate methanol synthesis catatyst powders in anm fnert Tliguis at

high concentrations was noteworthy. High operability was mxintained durirg the

45 wi% slurry run for 10 days and the reactor perforMance was close to 7 tons

mer day; however, the cataiyst productivity was lower than the lghoratory )
predictions. This deficiency was attributed to & mass transfer limitaticn

and/or inadeguate gasfslurry mixing at the high splid:s Tpading.,

1z




The POU operations, laboratory activities, and commercial studies conducted
under the two previous DOE contracts helped to prove the viability of the -
LPMEOH process. The results of the LaPorte runs and the laboratory research
have been reported at the 1982-1987 annual contractors' meetings (1-5).
Further requirements must be met to scale to a larger demonstration plant or a
small commertial unit; these requirements and results will be presented in the

following sections.

Current Objectives

The primary focus of the new PDU operating program is to allow for a confident
move 1o the next scale of operation with an optimized and simplified process.
Although the PDU had been very reliable in prior campaigns, several new design
options of merit were identified. These options were thoroughly evaluated in a
subsequent process engineering study which became the basis for the new PDU

modification/operating program.

Simplifying the process can greatly improve the process economics by reducing
the capital costs and the amount of down time due to equipment'failure. The
proposed brocess simplifications focus on the slurry loop, which consists of
the reactor, the vapor/liquid separator, the slurry heat exchanger, and the
slurry circulation pump. The desired process simplification is the elimination
of the entire loop outside the reactor (Figure 3). This can be achieved if
vapor/slurry separation and heat exchange are performed in the reactor vessel.
This modification would be a significant process improvement since it

etiminates two large high-pressure vessels (the vapor/slurry separator and the

13



heat exchanger shell) angd the slurry circulation pump. The 250 gpm certrifuge’ .
slurry pumg provet io be & highly relfable but 2 high preventive m3intenance

piece af equipmant at Laforte.

Three key :6n:1us1un5 were reached 25 a result of the detailed process
engineering evalyation: first, there chould be sufficient Yiguid circulation
ahd turbyience nduced by the high synthes!s gas velocities to suspend the
catalyst particle: homogenecusly withir the slurry; secord, the regquired
internal heat transfer surface should be refatively small, so that it can be
installed with 1ittle =ffect on reactor tubkle ¢olumn hydrodynamics; and third,
adequate vapor/liguid disengagement can potentially be achieved by
incerporating a reactor Freeboard section with & small dnternal or external

demisting device.

While eliminating a11 three of these ey ipreent 1tems {external separator, pumd,
heat exchanger: 45 a valvable goal, aliminating any of the three would be a
worthwtile accomplishment, A new process desian tapable of operating with ane
or a1} of the process simplifications was therefore developed and is
schematically shown in Figure 4. The runﬁes of gperating variables zre listed

in Table 2.
fortunately, the process flowsheet medifications were achigved without major

reconstruction Bf existing piping. The PDU 45 abie tc run in one of the

following modes:

14




. an external circulation mode similar to the original mode
. a completely internal mode

. with external heat exchange but internal separation

. with internal heat exchange and a small external separator

. in other possible combinations.

Vapor/liquid disengagement is accompiished in a new, longer, ali-stainless

steel reactor by incorporating a freeboard section followed by a demisting mesh
pad. If desired, the demisting pad can be bypassed to use a small-diameter
external cyclone to knock out small slurry droolets. Recovered slurry dropliets

are returned to the reactor via a positive displacement pump.

The internal heat exchanger coﬁsists of parallel 1-inch-diameter tubes

manifolded at each end by a 16-inch-diameter header ring. The heat exchanger
occupies only 3.5% of the reactor cross-sectional area and is not expected to

interfere with the reactor hydrodynamics.

Feed synthesis gas will be introduced to the reactor using a circular gas
sparger. The estimated sturry circulation rate resulting from the feed gas
flow is an order of magnitude higher than the superficial velocity resulting
from the sTurry pump and should be sufficient to suspend the catalyst

particles.

" Process economics are also improved by increasing the reactor productivity as a

result of a higher catalyst loading. The newly designed gas sparger was

15



developet to suspend 3 high concentration catalyst slur-y while providing

intimate ges/sturey mixing and syitabie mass t-ansfer.

FOU performance evaluation was undertaken in severs)] simges, Fﬁrsf, each now
equipment item {i.e., internal heat exchanger, snarﬁer, demister and cyclone}
Wit examined unger normal operating conditiens at high slurry comcentraticns.
The #valuation began with a 2 phase gas/liguid study to compare reactor gas
koldup wikh p%eviuui runs and to identify the presence nf_meta1 :arnnnylt
catalyst poisons. Three phase svaluation began after catalysi addition at 43
wt% and in sity reduction. The three phase tests, run at normal cperating
conditions and with simulated and read process fFailures, provide a comparisoh
of the performance of the new system with the predicted performance and with
ihe past performance of the unit. The results wers used to establish the
pptimum process configuretion for the remainitg stages of the PDU perfo-mance
gvatuation which inciude an alternate catatyst study, 2 120 day catalyst 1ife

study and a process variable study.
PO RESULTS

Two-phase tests began at LaPorie in June 1988 with nitrogens/oil and CO-rich
gas/oil systems. The purpese of these tests was to study the hydrndynamics of
the redctor, detect metal carbony) catalyst podsons, and train operating
persannel. Any effect of the new gas sparger and the internal hea* axchanger
would be revealed by comparing the hydrodynamic data with previgus POU
hydrodyramic data. Hydrodynamic jnformation was measzured with a nuelear

demstty gauge. The sensity gauge is mounted on a track which allows

lE




measurements along the axis of the reactor. Gas and Tiquid holdup are

ca1cu1ated from the absorbance of gamma radiation using Beer's law and

absorpt1on coefficients based on calibration experiments.

Gas holdups for CO-rich gas flowing through oil in the old and new reactars are
shown in Figure 5. Under external slurry loop circulation process conditions,
the presence of the new gas sparger and internal heat exchanger provides

essentially equivatent gas holdup in the reactor. However the liguid

circulation that is present for the cases depicted 1in F1gure 5 suppresses the

gas holdup. When external liquid circulation is eliminated, gas holdup is
higher. The effect of tiquid circulation on gas holdup is shown in Figure 6.
In addition, gas holdup profiles are uniform over the height of the reactbr as

shown in Figure 7.

Two-phase CO-rich gas studies also served to monitor the production of catalyst
poisens such as iron and nickel carbonyls. 1Initial levels of carbonyls,
determined by'gas chromatography and atomic adsérption. were below 70 ppbv.
After replacing the reactor oil with fresh 0i1, carbony! levels dropped to

19 ppbv of Fe(CO)s and 4 ppbv of Ni(c0)4. The low carbony! levels found

Justified the use of a stainless stee} reactor system.

Catalyst was added to the system and reduced in situ. Methanol production runs

began on 16 July 1988 from CO-rich gas. The cases shown in Table 3 were run in
a systematic order to test each new equipment item. Evaluation of the sparger,

internal heat eichanger. and internal separation were conducted in runs E-5a,

17



£-58 and E-50, respectively. 1n runs E-50 and E-5F lower catalyst leadings and ‘

a deliberste T4 hour shutdown ware studied,

Production of methanal was stable im run E-5A after only 18 hours on=stream
with syngas. The cil phase seen in previous runs was eliminzied due to the
repiping of the Feed/product neat exchanger and the weight percent oil in the
methanol was reduced from 1.3 to 0.6%. The methano] productivity, as
i1lustrated in Figure B, and the gas holdup were higher than previous runs [(Run
E-4) at high catalyst 1oadings. This daﬁunstrates improvement attributable 1o
the new gas sparger; however, the methanol productivity was still slightly
below the auto:iave curve for high lpadings and mass transfer limitations may

£1i11 have been presgnt.

The new internal heat exchanger was evaluated in runs E-5B and E-3C. Aga‘n, ‘
the reactor was performing cleser to the autoclave results (Figure B). The
averall Heat transfer coefFicient of the heat excnanger was 96 Btufhr-ftz-“F,
tiose to the design walue of 105 Etufhr—Fta-‘F‘ Operation at high space
velocities was not possible with Lhe 1nt=rni1 heat exthanger only because its
ares was conscientiously urderdesigned in order 1o achieve measurdble
temperature difFerences with a3 35 wt¥ catalyst slurry where a lower temperature
diffarantial petwesn siurry and heat transfer oil exists. There was & Concern
that the high aT at 45 wt%x slurry and high gas velocities could produce
excessive thermal stresses, Therefere, both internal and external heat
Exchangers were used in run E-5C to remave the heat of reaction. Daily

methanol production ranged from B to 9 tons per day for the 35 wi% runs

18




(Table 3), which exceeded the previous production rates of 5 to 7 tons per day

at 47 wt% slurry.

Run E-50 was the first test of the LaPorte reactor without externa)
circulation. A higher methanol productivity results in run £-5D0 compared to
ruh E-58, as iI1usfrated in Figure 8 and Table 3. The increased productivity
could be due to higher gas/liquid interfacial area or reduccd backmixing in the
absence of liquid circulation. Clearly, the catalyst in the external toop was
hot contributing significantly to the methanol production. The interna]
slurry/gas separators performed well. The cyclone had a pressure drop of

7.6 psid and the demister pad cycled between 2 and 5 psid Le:ween

backflushings.

"Runs E-5£ and E-5F were compieted at the end of July with 34 wt% slurry.

Methanol productivity was greater than autoclave performan-e, indicating that
the design of the new system must have eliminated most of ary miiing ang mass
transfer limitations. The heat transfer coefficient for the 34 wty slurry was
124 Btu/hr-ft2-°F. Productivity levels achieveﬁ in run E-5T demonstrat:c the
resilience of the process to one hour and 24 hour deliberaz: shutdowns,
performed prior to run E-5F. Four unplanned power outages during the month of
July also demonstrated the reliability of this process after unschedulec

shutdowns.

A post run jnspection of the process equipment after run E-5 showed no =.idence
of catalyst plugging and no catalyst buildup near the new gas sparger. The

demister, however, was damaged and required replacement. tiring this



inspection period, the internal heat exchanger was eguipped with an expans ign
loop to re’ieve thermal SiFresses so pperation at high catalyst loadings and

high gas velocities would be possible.

Run E-6 was startsd ip Tate August for the purposé of Studying an alternate
commercial catg?yst. 1f the alternate catalyst performed beTter tkan the
catalyst used in previgus runs, the alternate catalyst run would be continued
for 120 days tc evaluate deactivation. Run E-6 consisted of & series of
process variable scans {Table 4) to determine the performance of the catalyst

slerry under varipus operating conditiens.

The initial conditien af 5,700 1/hr-kg cat space yelocity at a tatalyst leadirg

of 19 wi% achieved pnly B0X of the predicted autpclave performanze. The

catalyst produ:tﬁv%ty jmproved, however, both with time ang with diltutton of

the catalyst concentration in the slurry {Figure 9 and Table &). During 7 days J
of Run E-B, the cataiyst conzentration was lowered from 39 to 35 wtX and the

catzlyst productivity increased From B to 1058 of autoclave performanze.  The

cause of the changing reactor performance during Run -6 s being

investigated. AR aaditional demister, snstalled in the intermediate V/L

separater prior to run E-6. reduced the oil impuritiy in the methanol product

From 0.6 wt¥ to 0.2 wiX.

B comparisen of the ratalysts at equal feed rates and reactor volumes sheped
that the slternate catatyst will produce S% more methanol at 35 wiX than the
orevious catalyst at 40 wiX. The alternate catalyst run was centinued as run

E-7 for a 120 day deactivation study at nominal conditions of 10,000 51/kg-nr,
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250°C, 750 psi and 35 wt% oxide catalyst. The PDU produced a record 10.1 tons

per day of methanol during the first 2 weeks of Run E-7.

Operation of Run E-T was suspended for three days beginning on 15 September for
safety reasons due to the threat of hurricane Gilbert. The reactor was
isolated for 33 hour; without gas flow or heat control. The.flow of feed gas
to the reactor was resumed after a 68 hour outage. Methano) production was

10 TPD for the 10 hour period prior to shutdown ang was restarted witﬁout
difficulty after the hurricane passéd. The methano) production rate for the 12
hour period after start-up was 10.1 TeD, demonstrating 3gain the resilience of
the LPMEOH process to upsets. After 26.days of operation, the methano]
production rate was still 9.4 TPD, indicating a deactivation rate of no more
than 0.2%/day compared to 0.35%/day in run E~3 in 1985. Run E-7 will be

continued until early January 1989,

SUMMARY

The results reported here are the preliminary findings of runs that will last
into 1989. Current and future runs include continuation of the catalyst life

run and a process variables study. These results will be reported in future

papers.

Operations performed during the summer of 1988 fulfilled our goal of developing
a more scalable process. Increasing productivity with higher catalyst loadings
and simp}ifying'the process through elimination of the external Tiquid

circulation Yloop have alsg resulted in a more economical process. The success

'of the current LPMEOH process campaign represents another step towards making

LPMEOH 2 reliable and economical commercial process.
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TABLE 3

congitions and Prelimina-y Resulis For Equipment Evaluation

T = 250*C, P = 740 psig

CASE: A
Catalyst wi% 45 .0
Space Velocoity S, I%T

(1/hr-kgi
Heat Exchanger Ent.
Slurry Locp ExT.
Froduction 1.8

{(Tons/0ay)

X Methanel in EFFlugnt g.12
Methanol Frodoctivity 14.6

tgmslshr-kg cat)

Froductivity as % of E&
Autoelave Productivity

(Run E-5)

—B
44.9

5,213

Int.

Ext.

1.8

g.04

15.0

B%

34

C b E F
459 i5_0 34.1 31.9
7,107 5. 445 11,356 17,444
Ext.S Int. Int. Int.
Int.
Txt hone Mone None l
9.2 8.3 8.9 B.G
&, 14 .14 .70 7.37
18.4 16.8 an.a ea.?
EB 97 104 1401



TABLE &

Eonditions ard Preliminary Results for Alternate Tatglyst
{Run E=§)

T = 250%C, P = 750 psiyg

LASE: A B C 1 £ F
Catalyst wiX JE.7 496 3E_S 7.2 31,3 35.10
Space Velocity 5,675 a,797 4,744 4,733 5,612 9,969

(1/hr-kg} :

Heat Eachanger Int. Irt. Int. Irs. Int. Int.
Slurey Loop _ Hane Hone Nono Hanz Hone Hone
Fraoductign 7.1 10.3 6.4 6.4 .2 0.0

[(Tons/Day)
% Methancl in EFfluent 7.78 8.21 3.17% 9.17 9.50 B.%2

Methanol Productivity 15.5 2d.6 15.4 1.4  1B.7 303
{gmc1/hr-kg cat)

Productivity as % of 79 ] 53 g1 kT 13
Autoclave



