Section 2

LAPORTE PDU DESCRIPTION

PROCESS DESCRIPTION

The Liquid Phase Methanol (LPMEOHTM) Process Development Unit (PDU) incorporates
two modes of operation, namely: 1liquid-fluidized and liquid-entrained. 1In the
liquid-fluidized operating mode, a methanol synthesis catalyst (extrudates of
about 2-mm diameter and 6-mm length) is fluidized within the reactor by a
circulating inert'hydrocarbon liquid. This liquid controls the reaction
temperature by absorbing heat released during the methanol reaction. In the
liquid-entrained mode, the catalyst in powder form is suspended in the inert
hydrocarbon Tiquid, forming a slurry that circulates through the reactor.

The process feed is formed by a mixture of hydrogen, carbon monoxide, carbon
dioxide, and an inert gas (nitrogen and/or methane). To establish a broad and
representative reactor feed composition for the LPMEQOH. process, two principal gas
compositions were defined early in the program(l), including a "balanced-gas"
containing a Hp/CO ratio of 2.9/1 and an "unbalanced-gas" with a Hp/C0 ratio less
than unity (see Table 2-1).

Table 2-1

PRINCIPAL REACTOR FEED GAS COMPOSITIONS AND
GENERAL COMPOSITION RANGE OF INTEREST

(Mole %)
Unbalanced Type Balanced Type Broad General Range
Ho 35 55 25-75
co 51 19 5-70
€02 13 5 0-35
CHg - 3 0-35
Inerts 1 _18 0-25
100 100
H2/C0 0.69 2.89 0.3-7.0
Hp/(CO + 1.5 CO2) 0.50 2.08 0.3-3.0
(H,-C0,)/(cCo + CO.,) 0.34 2.08 0.2-3.0

A simplified process flowsheet for the LaPorte LPMEOH PDU is shown in Figure 2-1.
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The process feed is compressed from 1,000 kPa (150 psia) to the reactor pressure
(between 3,500 and 6,400 kPa) by the 01.10 feed compressor. The compressor
01.10/01.20 is a two-throw, three-stage, balanced-opposed machine, which functions
as two separate units sharing a common frame and lubrication system. The
compressed feed with any recycle gas from the 01.20 compressor 1is heated by
passing through the 21.10 feed/product exchanger and subsequentiy enters a
two-stage guard bed system.

The initial process scheme inciuded two alumina loaded iron carbonyl guard beds
where the iron pentacarbony! (Fe(CO)g) formed in the piping and equipmert under
high CO partial pressure was to be removed. During the shakedown and 40-day runs
the guard beds were not operational owing to modifications performed to elimirate
an exotherm prob]em.(z) The heated gas from the feed/product exchanger flowed
through the empty gquard vessels and was introduced in the reactor bottom and mixed
with the incoming inert o0il or catalyst/oil slurry in a distributor. The 27.10
reactor is a cylindrical vessel constructed of low alloy steel (1/2 Mo) and lined
internally with copper to prevent the formation of iron carbonyl (see Figure 2-2).
The bubble cap tray distributor, intended for 1iquid-fiuidized operation, operated
satisfactorily during the entrained portion of the run.

The inert hydrocarbon 1liquid or slurry is separated from the methanol product and
unconverted synthesis gas in primary separater 27.13. It is recirculated to the
bottom of the reactor via the slurry heat exchanger 21.20 by the slurry pump. The
circulating liquid can be heated or cooled in the slurry heat exchanger to
maintain a constant reactor temperature, depending on the CO conversion in the
reactor, heat loss of the system, and the rate of cold seal flush required by the
10.50 slurry circulation pump. A hot oil system, which includes hot oil expansicn
tank 28.53, hot oil circulation pump 10.53, oil cooler 21.40, and oil heater
15.40, is designed to provide indirect heating or cooling of the circulating
Tiquid and to eliminate the possibility of overheating the catalyst. The slurry
circulation pump is a centrifugal pump driven by a variable speed electric motor
and provided with a specially designed double mechanical seal. The seal 1is
provided with seal flush and a circulating barrier fluid to eliminate the
possibility of leaks of catalyst slurry to the atmosphere.

The methanol product and unconverted synthesis gas exiting the top of the primary
separator are cooled against the incoming feed gas in the feed/product exchanger,
condensing the bulk of the vaporized hydrocarbon liquid. The uncondensed vapor is
further cooled to about 409C by cooling tower water in the 21.30 product gas
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cooler. The condensed methanol product and a small quantity of inert hydrocarbon
0il are reduced in pressure and the flashed gas is vented at the top of the 22.11
degasser to the plant flare header. The methanol-hydrocarbon stream passes
through liquid-liquid separator 22.15, where the hydrocarbon o0il separates and
isreturned to the process via the 10.56 oil return pump. The methanol product is
sent to the 28.10 product storage tank.

The unconverted synthesis gas leaving the 22.10 product separator is compressed
and recycled to the reactor. A small purge stream prevents the buildup of inerts
in the reactor loop.

The oxide form of the catalyst is initially activated with a mixture of hydrogen
and nitrogen, which is heated with steam heater 02.61 and electrical heater 02.62
before to introduction to the reactor. In the liquid-fluidizec operating mode,
the catalyst reduction is done in the vapor state with a fixed bed in the 27.10
reactor before the injection of the synthesis gas and hot hydrocarbon liquid. in
the liquid-entrained mode, the catalyst reduction takes place in-situ, in the
1iquid state, with slurry circulation in the slurry lcop, .2lso before the
synthesis gas is introduced.

DATA ACQUISITION PROCESS DESCRIPTION

The primary objectives of the LaPorte program are to demonstrate the feasibility
of the LPMEQOH process at the PDU scaie and to gather process design information.
Therefore, the data pertinent for process design and the catalyst performance are
the most 4important "products" from the LaPorte PDU operation. To achieve the
objectives, a data acquisition system (BAS) was installed to collect, store, and
report the process and the analytical data generated from the PDU.

The data acquisition system includes a Digital VT103 microcomputer with 128K bytes
of memory. A process monitoring/process control software package (AIM},
consisting mainly of a set of FORTRAN programs structured around an interactive
data base, updates all the relevant process variables on a regular basis according
to a preset scanning rate.

The current values of those variables are supplied to the data base in one of the
following manners:

e Manually, through keyboard inputs.
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Directly, through the CPI gear terminal, which is hard wired to the plant

monitoring points.

Directly, through a port, which is hard-wired to a gas chromatograph
micruprocessor.

Internally, through special calculation routines stored in memory.

For each of the 396 variables in the AIM data base, the following information is

defined:

Variable name and rumber.

Signal name and CPI channel number.

Averaging factor and scan rate.

Engineering units and range.

Instrument units and range.

Type of sensor (in case of thermocouples).

Type of calculation to be performed on the variable.

The AIM data base system interacts with the following programs so that the
required data are received, manipulated, and stored:

An analytical data program to read the on-line analytical reports suppliied
by the GC integrator {Spectra-Physics SP-4000) -~ the relevant component
concentration data are sent to their proper variable locations in the AIM
data base.

CPI programs to reach the on-line signals coming through the CPI terminals
- these signals are in the range of -40 to +40 MV for the thermocouple
temperature measurements or 1 to 5 V for the flow or pressure sensor
measurements. This program converts these analog signals to their proper
units based on special calibration tables and user-defined engineering
units. The calculated values are then sent to their proper varijable
locations in the AIM data base,

User input program - to allow for manual input of process variables such
as time and date.

From the information stored in the AIM data base, a set of 396 variables is
retrieved every five minutes and stored in a historian file. The historian
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sequentially stores the averaged values for all of the variables in the AIM data
base every five minutes. A set of FORTRAN programs then interacts with these data
and computes an hourly average of the 12 five-minute averages and creates a file
to store 207 selected variables (HRDATA).

Non-routine process data that cannot be taken by the DAS automatically, such a&s
catalyst bed density and bed heights, are recorded by the plant operators using a

nuclear demsity gauge positioned at the LPMEOH reactor.

Analytical System

For the analytical portion of the system, gas analysis is performed using two
on-line Carle Instruments gas chromatographs. The gas sampling system, which
includes a multi-stream sample rotameter panel and automatic stream selector
station, is provided with timers and automatic switches so that these analyses can
proceed virtually unattended. Liquid samples of 0il and product methanol are
analyzed using two liquid sample chromatographs supplied by Schimadzu Scientific
Instruments. A Spectra-Physics 4000 electronic integrator with three DIM {Data
Interface Modules) is also provided to interface the chromatographic analyses with
the microcomputer. An Epson MX-80 hardcopy printer is provided for GC analyses
reporting. 1In addition, each DIM on the Spectra Physics 4000 has a separate strip
chart recorder for GC analyses. Finally, a Karl Fisher apparatus and analytical
balance are available for water determination and sample weighing.

The two gas chromatographs routinely analyze once every hour the following gas
streams:

Make-up feed

Recycle and purge gas

Guard bed feed

Reactor feed

V/L separator gas {reactor effluent)

Flashed gas

Since the composition of the flashed gas is relatively uniform and the
corresponding flow is not very significant in the overall plant balance, the
flashed gas port is sometimes replaced by the reactor effluent stream. This
substitution provides redundancy of analysis around the LPMEOH reactor.




e L,

Non-routine analytical data are obtained for:
¢ Methanol product and circulation oil (slurry)
[ ] Impurities in the make-up gas and reactor feed gas
] Catalyst analyses

Figure 2-3 illustrates the structure of the analytical system.

Data Reduction

The process variable data file (HRDATA) is only a temporary file, and is rewritten
hourly, each time a new set of variables is determined. Several programs written
in BASIC language interact with this file and perform engineering calculations and
material balances. A Process Hourly Report is printed every hour, and contains
such .information as process variables, conversions, and materia} balances. The
information generated by the BASIC programs permits a thorough evaluation and
assessment of the quality of the collected data.

In order to illustrate the usefulness of the data reduction'programs, a sample
printout of a Process Average Report is included as Table 2-2 (3 pages). The data
correspond to the sixth day on unbalanced gas during the 40-day run. Catalyst
weight related parameters have been updated with the most recent calculations of
catalyst inventory. A description of each page of the Process Average Report
follows:

Process Variables and Analytical Summary (Page 1)

This page of the report contains the main variables relevant to the plant and
catalyst performance. Process variables that have been averaged from the
individual hourly averaged data such as flows, temperatures, and pressures are
included together with compositions of the different process streams.

an!grsjgn-sglg;;j!j;z-gggdgctivity (Page 2)

Two sets of conversion data are available from GC#l and GC£2. The chromatograph
that gives better precision and closures is utilized as a basis for data
reporting. The selectivities included on this page (percentage of carbon
contained in CO0 and C02 that is converted to methanol) are useful to determine if
the methanol concentrations in the reactor effluent or the product flow rates are
correct.
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LAPORTE LP METHANOL PROCESS AVERAGE REPORT-ENTRA

DATE 1.
TINE 2
TINE IHTERVALy

Table 2-2

AND ANALYTICAL SUMMARY

NMZER OF AVERAGED HGURS !

BUN ID MUMPER :
FECD BAS TYPE:D

PEACTOR FEED GAS TMLET TEMP.

OIL/SLURRY IMLST TP,

ZEACTOR DTLET TEWP.
FUARD JED FEED PRESSHRE (hPat ¢
PIIMARY SEFARATOR GAS FRESSURE
SR SREFFISIAL VELGCITY

ides, 03 )

{des,fi ¢

¥E. WALTOR TEHPERATURE ired.l; ¢

ides.l} |

irbPa:

‘imgfepnd 2

LIGEID SUPERFICIAL VELOCITY icmfcer) ©

EYCANIET 3D AEIGHT
SLUSRY CONCENTRATION

fca) ¢
{utX} 2

CaTALYST O¥IBE WT IN REACTAR

GRS EOLP-F @
SRCE OLOCITY

(1/he-nr) ¢

SECYCLE/FRESK FEED RATIO @
TIL/ELURPY TIRCULATION CATE <mi/hri 3

{¥2 oujze’ |

From:

To:

22—491—34
12315 FK

0000 20 Apr
25300 20 Apr
24

tU-4754
UNBALANCED GAS
138,54
251.\..'
249'.'
G MY
5494
T246
6.7
..

wel

L]

INED MODE-PROCESS VARIABLES

STOL.SEPARATOR GAS FLOWRATE <50 + /S ‘haagl e} * 90,47
SOREE SAC FLOW RATE <5 (heaslhe 2.12
Z = HY i3 5y &2
TTRTAR W@-f STESH FEED RECYLLE SAS SMRI-3ED TEED IEARLTIR CIIM 94 SPP SRS TiacH
CORPINENT === ===== =
TEezzzTI=sTs R L - HMOLR RO AT
i 54.54 33,54 .20 =1
£o 39.45 =2.28 59.¢67 =7
2 .7t 18.94 i2.97 18,30
] 2,32 .38 ) .32
cHa £.1% 0.52 8.4a Py
ot .59 9.0 241 =
fa2as SRy 0.39 9.48 '
ane .90 .31 £.98 3
£3vsay —
LIGH'E —
c4cus —_—
St S —
MXA+ENES —
ESTERS —_—— Ba— ———
ALSERDES I
oIl —
ToTAL 3 190,00 99.98 180,12 0.0 18530 ELG

ENSys/ee
AV M0LLET
Nai/mr
resal/hr
1/hryprod

0.047
2.59
2045.3
“‘3

3 Coarositions correseend to STREAMEID

20.88
2613.5
115.60

9.034
2.9
251041
124.45

.28
33‘16
2356.0
195.1:
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Table 2-2 {Continued)

BagE 1 2

2-fipr-84 7 1206 ¥

LaPORTE LPHETHANOL PROCESS AVERRGE REPORT

CONVERSION-SELECTIVITY-PRODUCTIVITY

CANVERSIONS ACROES REACTOR :

5% 31 642
HYDROFEN CONVERSION 2 26.4 7.4
CHRBON MONOXIDE CONVERSION 23 9.3 9.5
CHSPON DISXINE CCWNJERSION (943 0.2 0.0
LT S nevt sgee for sonversions 2s calc. bu overall bai.
SELELTIVITIES: ACROSS REACTOR VERALL
5C Averase b S
C6 <4C02y SELECTIVITY TO SETHANGL (2} © 107.3 01,3
£9 {4+C02) SELECTIVITY 1D ETHAMRL () ¢ 8.2
% #ethanol in flzshed das taken ¢ Zero
Etharel onle sezsures in eroduct Tiow
SETUANGL PEODUCTIVITIZS ¢ YIELES
gsol/brke o2t refi330 Ha3 ¥frech Teed bo/:00 e mp2ctor Tesd
1 L
4z c2leulated ALSASS REALTOR 23.59 337.0 73,0
£s Net “elM producedy TUERALYL balance 21.8 307.4 $7.3

RESRCTOR FEED [M2is0081.5C02:) ¢
REACTOR SEED {(H2-C02}/1C0:002)) @

AFPROACH TO “ETHANOL EQUTLIRRIUN
AFPROACH TO WATER-GAS SOUILIBRILM

{rfea,2)
{ded,L)

HETUANOL COLLECTED AS % OF CALCIRATED @

CALCULATED METHAMNOL PROBUCTION RATE {¥seolfhr)

*35°C when MeOH concentration in reactor effluent is 5.79%.
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Table 2-2 (Continued)

PABE § 3

LaPORTE LP HETHANDL PRDCESS AVERAGE REPERT

MATERIAL BALANCE SIMQGARY

CONPONENT BALANCE (IN-OUT)/IN @

1{1459)-153

22-hpr-B4 / 12:14 P

STREAKS ¢ LFURE BASES - 11 £25 - (5451442468)1
STREANS LOCATION FRESH FEED GAS REACTOR FEED REACTOR EFFLUENT
COHPONENT ¢ —_————e
— < ditf.> < ditt> a diff.>
H ~6.88705 9.89338 -0.41968
co 2.61535 0,44453 -0.52150
7173 -34.00080 0.36905 0.49617
N2 -247,51400 2.118%4 ~{.56B8%
Ciia - 150.50000 7.51438 -0.35208
H20 1 1Y 1 -0.06282
CH3BY —_— 4,01424 7.33587
OUERALL ELEMENTAL BALANCE (Ke-atoes/hr)
INFUTS BUTPUTS (IITY TN
STREAM & 15 55 50 &2 58 TOTAL
STREAN MAME REACTOR FEER RECYCLE FURGE GAS  FLASH 6AS  MeOH PROBUCT I
EARBON:
co SB.7477 49,1862 4.4056 D.0474 33.6412 9.932%
coz2 15,6320 13,4359 1.2214 0.0988 14.936C 0.5052
CH30H G.3267 9.3507 0.0314 0.0715 S, 4467 5.9005  ~1552.5200
OTHERS 0.487% 0.4881 0.0437 0.0000 0.0541 ¢.5879 -20.4934
TOTAL € 74.8243 62,6613 9,702 0.2198 S.3028 73.0857 L3474
HYDROGEM?
H2 B1.5488 54,5115 4,882 0.0474 59,4435 27.:548
H20 0.0000 0.0000 0.0600 0.0000 0.308% 0,3089 Dede
OTHERS 3.2985 3.35558 0.3008 0.2864 21,9411 25,8837 -684,7160
TOTAL B 84,8472 57.85871 S.1831 0.3358 2. B85.5381 -0.9297
OXYBEN:
TOTAL O B9.3683 76.8088 6.8797 0.3185 J.6246 B9.8314 —-0.2946
RITRDGEN:
TOTAL N 0.3749 0.3488 0.0312 2.0000 0,380 -1.3848
TOTAL MASS FLOW
(kda/hr) 2034.6000 2062.3900 184.7270 B.1190 180,7020 2433,9400 0. 095¢
REACTOR EAS BALAMCE (DUT/INY ¢
ACROSS REACTOR
NASS BALANCE, (I) : 100.000
ELEMENTAL BALANCEy (X)
CARBON 100.513
HYDRDGEN 102,519
ocveen 100,642 —
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In general, the methanol concentrations or production rates are less consistent
and more difficult to measure than the relative amounts of CO and CO2. The
selectivity calculated across the reactor on page 2 of the report (107.3 percent)
indicates that the concentration of methanol in the reactor effluent may be high.
However, the value of selectivity calculated from the overall balance, which
utilizes the product flow rate and 1iquid product concentrations, is closer to the
expected selectivity, which should be between 98 and 99 percent (see Page 3
description).

In addition to catalyst and plant performance parameters such as productivities,
vields, and approach toc equilibrium, other useful data are included on the second
page of the report. For example, the methanoi collected in the liquid product as
a percentage of the methanol production rate as calculated across the reactor
(methanol collected as percent of calculated) also shows the relative values of
the two modes to measure methanol make ir the reactor.

Material Balance Summary (Page 3)

This page is a thorough material balance for both the individual components and
the different atomic species. The "Component Balance" is helpful in assessing the
correctness of the concentrations obtained bty the different chromatographs. For
the period included in Table 2-2, the major gases (Hz, CO, and COp) show less than
1 percent variations for the plant front-end and back-erd component balances
("Reactor Feed" and "Reactor Effluent,"™ respectively). The comparison between the
“pure gases™ flows (such as H», CO, and CO2) and the calculated fresh feed flows
could be a very useful check for the overall plant component balance. However,
for the example included, only CO has an "acceptable™ difference of 2.6 percent.
In general, when two component balances show consistent and small variations, but
a third such 23s the "fresh feed gas" in the example included shows diverging
balances from the other two, it is reasonable to assume that some of the measuring
pure gases flows are incorrect.

The third page of the répcrt also provides CO, COz, and Hz conversions in the
seventh column of the "Overall Elemental Balance" (9.03, 0.51, and 27.1 percent,
respectively). Methanol make could be obtained from this page by subtracting the
methanol atomic carbon flow (kg-atoms/hr) of Stream #15' from the total output
methanol carbon. Based on selectivity considerations, the resulting value of 5.56
kg atoms C/hr (kg mol MeOH/hr) dis probably more accurate for obtaining the
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corresponding catalyst methanol productivity:

5.56 x 1,000 = 21.8 g mol
255 ' hr-kg cat

The closures included in the "Overall Elementa} RBalance" for the different atomic
species {molecular for Nz) also aid in the evaluation of GC performance. For this
plant balance, the closures are extremely good {less than one percent variation).
The "Reactor Gas Balance" at the bottom of the third page also provides a check on
concentraticns. The hydrogen balance, for example, is not consistent with the
carbon and oxygen balances (102.6 vs. 100.6 percent). This is, again, a
consequence of high methanol concentrations coupled with the high hydrogen content
of the methanol molecule {4 atoms/mol).

Thus, two parameters enable the accurate determination of methanol concentration:
selectivities from the second page, and elemental balances from the third page.
The use of two separate parameters is probably more accurate than relying on
stoichiometric ratios across the reactor {i.e., A Ha ACO).
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