APPENDIX F ;
ANALYTICAL DATA / LIQUID PRODUCTION / CATALYST RECONCILIATION

Most of the run data was recorded by the data acquisition computer and can be retrieved
from tape in the future, if necessary. Some of the data, however, is not. This section
documents such data as well as "corrected” data.

Liquid Samples

Liquid samples were taken from the bottom of the 22.11 flash pot. During methanol-only
operation, this sample is representative of the methanol collected in the day tank. Table
F1 present the analysis of individual samples taken roughly 12 hours apart during the AF-

R1 series.

Table F2 contains the analysis of 22.11 liquid samples taken during the AF-R2 and AF-R3
series. Note that an additional component, called Volatiles, has been added. When
significant quantities of DME are produced and a sample is taken from the 22.11, gasses
are evolved. A method of determining the quantity of gases evolved was developed
(based on weight differences) and applied to correct the GC analysis of the remaining
liquid. Based on thermodynamic equilibrium calculations it is estimated that the volatiles
contain 60% DME, 20% COz, 20% MeOH (by mole).

Table F3 contains some miscellaneous liquid samples taken during the course of
operations.

Vapor Samples

During the DME runs, the vapors from the 22.11 flash pot and 22.18 DME degasser were
taken at discreet times and not continuously, Table F4 contains the composition data for
the 22.11; Table F5 contains the composition data for the 22.18.

The reactor effluent composition is key to developing accurate mass balances.
Unfortunately, the Karle GCs are nonlinear in the response to methanol. This means that
response factors determined for one methanol composition is not the same for either
higher or lower concentration. The solution to this shortcoming in the GCs is to develop
response factors charts to correct the analyses reported by the GCs.

Procedurally, a 3.82 mole% MeOH standard is used to calibrate the GCs and correction
factors are applied when the measured composition is deviates from 3.82 mole %. The GC
correction curves were developed based on available 1.22 mole% and 3.82 mole%
standards and previously determined curves. A comparison of the previous correction
curves and the "new"” correction curves is presented in Figure F1.



The correction curves presented in Figure F1 were applied to the GC-reported data to
correct the MeOH composition. The actual MeOH and DME concentrations in the reactor
effluent are presented in Figures F2, F4, and F5 for runs AF-R1, R2, and R3, respectively.

Liquid Production

The liquid production is measured by tracking level rise in the 22.16 day tank with time. A
plot of accumulated production with time is presented in Figure F5. The production rate is
calculated from the slope of the production curve (as is reported on the figure).

Catalyst Reconciliation

Establishing the quantity of catalyst and catalyst proportion within the reactor was
complicated by the fact that catalyst was withdrawn and added on two occasions and by
the occurrence of catalyst settling. Fortunately, the catalyst "material balance” could be

closed with reasonable certainty.

The quantities of catalyst added to the system are easily determined since catalyst was
added by measured weight. The methano! catalyst was added once (489 Ib). Alumina was
added on two occasions (32 Ib and 67.5 Ib). When the methanol catalyst is activated there
is a 25% weight loss; when the alumina is dried there is a 4% weight loss. From this the

- pet weight of catalyst added can be calculated. These weights, summarized in Table F6.1,
must be accounted for later.

When catalyst was removed from the plant it was drained into 55 gallon drums along with
an unknown quantity of oil. The weight and volume of each mix was measured and from
this the density of the slurry in each drum could be determined.

There were 12 different lots of catalyst and oil withdrawn from the plant. The weights and
density of each lot is summarized in Table F6.2. To summarize, two drums were drained
from the reactor during the run (marked S1 and S2), 5 drums were drained from the reactor
at the end-of-run {(denoted D1-D5), 3 drums of “rinse oil” were drained from plant (marked
as R1-R3, these contained very little catalyst), and 2 lots of concentrated slurry were
physically removed from the bottom of the reactor following shut-down and rinsing.

The density of the reduced or dried catalyst was known and the density of the oil-alone
was measured. These densities are:

Component Density
Ib/t?
BASF $3-86 . a57.6
Catapal y-Alumina 206.5
Qil 53.3

If the proportion of alumina is known then the quantities of oil, methanol catalyst and
alumina can be determined for each drum. To determine the alumina proportion the
following sequence of events were assumed to occur:




Action
489 Ib Methanol catalyst was charged to the reactor and fully reduced

The 14 Ib "lodged in piping" lot settled in the 4" piping in the reactor bottom
during activation.

Drum S1 was withdrawn from the reactor at the end of AF-R1.
32 Ib of alumina was dried then added to the remaining methanol catalyst
Drum S2 was withdrawn from the reactor at the end of AF-R2

67.5 Ib of alumina was dried then added to the remaining alumina/methanol
catalyst mix

The 74 |b "settled in reactor head" lot settled out in the bottom head right
before AF-R3 began

Following run AF-R3, the slurry in the reactor was drained into drums D1-D5

Rinse oil was added to the reactor and drained into drums R1-R3

Given this sequence of events it was possible to calculate the proportion of alumina in the
reactor at any point during the run. With this information the quantities of S3-86, alumina
and oil were determined for each lot as summarized in Table F6.2. The weight of alumina
and S3-86 was then summed for all the lots as indicated by "TOTAL" (in Table F6.2).
These totals must agree with the “TOTAL" from Table F6.1. As can be seen, agreement is
within 1% which is excellent.

As a check on the consistency of this method, elemental analysis of selected lots was
performed as summarized in Table F7. As shown the agreement is reasonable.

To summarize, the quantity and proportion of catalyst in the reactor for each of the runs is
presented below:

RUN

AF-A2
AF-R1
AF-R2

AF-R3

Mass of Catalyst (b, As-Charged Basis) Weight %
BASF S3-86 Alumina Total Alumina
489.0 0.0 489.9 0.0
479.4 0.0 479.4 00
452.6 32.0 484.6 6.6
362.6 86.7 449.3 19.3
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TABLE F6
CATALYST INVENTORY RECONCILIATION

6.1  Catalyst Added

Weight As Charged (Ib) After Activation/Drying {Ib)
Date $3-86 Al203 Total $3-86 Al203 Total
4/29/91 Initial Charge 489 0 489 7 0 367
5/691 1st Alumina Addition e 4 32 31 3
5§/1201 2nd Alumina Addition 675 68 65 65
TOTAL 366.8 95.7 4624
62  Catalyst Recovered (Catalyst Data on Post Activation/Drying Basis)
Date Total Wt Density Weight Wi Catzalyst Mass (Ib)
Oil+Cat. (1b/13) Fraction Al203 5386 Al203 Total
(Ib) Catalyst
8/781 $1 - 1st Drain 78 68.56 0.2615 0 204 0 204
5/13/91 82 - 2nd Drain 150 7032 0.2874 831 395 36 431
5/1781 D1 - Post Run Drain 348 63.72 0.1982 2347 528 16.2 65.0
D2 - Post Run Drain 388 63.15 0.1890 2347 56.1 172 733
D3 - Post Run Drain 378 6343 0.1936 2347 56.0 172 73.2
D4 - Post Run Drain 402 €2.74 0.1824 2347 56.1 172 733
D5 - Post Run Drain 323 6261 0.1802 2347 445 137 582
5/2091 R1 - Post Run Rinse 386 54.17 00196 2347 58 18 76
R2 - Post Run Rinse 380 53.98 0.0152 2347 44 14 58
R3 - Post Run Rinse 286 5348 0.0042 2347 09 03 12
5/2181 Lodged in Piping 14 - - 4] 74 0 74
Settled in Reactor Head 74 8282 0.5158 2347 260 80 340
TOTAL 3699 96.4 466.4
TABLE F7

ELEMENTAL ANALYSIS OF CATALYST SAMPLES

51381

sM7m

52181

Elemental Analysis

§2 - 2nd Drain

D1 - Post Run Drain
D3 - Post Run Drain

Settled in Reactor Head
Settied in Reactor Head
Settled in Reactor Head

Cu Zn Al Wit A1203 * Cu/Zn (ibAb) *
(wt%e) {wio) {wi%%) moas assumed meas vendor
67.81 23715 8.44 59 66 2.86 26
59.54 20.61 19.85 206 183 289 26
53.18 19.05 2777 303 193 2.79 26
54.25 18.55 2720 295 19.3 292 26
56.06 19.71 2423 2589 183 284 26
55.99 19.56 2445 262 19.3 286 26

* The "measured™ AI203 content of the catalyst mix (oxideswet basis) was caleulated from the elemental analysis
as was the "measured” Cu/Zn ratio. The “assumed* Al203 content was based on material charged and/or settled.
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