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Contract O_ective

The objectives of this contract are to develop a technology for the production of active and stable
iron (Fe) Fischer-Tropsch catalysts for use in slurry-phase synthesis reactors and to develop a
scaleup procedure for large-scale synthesis of such catalysts for process development and long-
term testing in slurry bubble-column reactors. With a feed containing hydrogen (1-I2)and carbon
monoxide (CO) in the molar ratio of 0.5 to 1.0 to the slurry bubble-column reactor, the catalyst
performance target is 88% CO+H: conversion at a minimum space velocity of 2.4 NL/hr/gFe.
The desired sum of methane and ethane selectivities is no more than 4 %, and the conversion loss
per week is not to exceed 1%.

_Contract Tasks

Task 1.0: Catalyst development
1.1: Technology assessment
1.2: Precipitated catalyst preparation method development
1.3: Novel catalyst preparation methods investigation
1.4: Catalyst pretreatment
1.5: Catalyst characterization

Task 2.0: Catalyst testing
Task 3.0: Catalyst aging studies
Task 4.0: Preliminary design and cost estimate of a catalyst synthesis facility



Scooe of Work Reported

The work reported in this technical progress report covers a new technique developedto add
potassium (K) to the iron-copper oxide catalyst and testing of two catalysts prepared by using
this technique.

The use of an alkali promoter like K to suppress the formation of methane is widely practiced.
The objective of developing a novel K-addition technique was to simplify the method of catalyst
preparation by reducing the steps involved and to have an external control over the selectivity
of the iron catalyst to methane formation.

In the new method a potassium salt of a long-chain carboxylic acid (e.g. potassium laurate) is
added to a mixture of the iron-copper oxide composition and an oil (typically a C30oil) in the
slurry autoclave. The resulting mixture can be activated by a standard method to produce a
slurry-phase Fischer-Tropsch catalyst. In performance such a catalyst exhibits comparable H_
and CO conversions and product selectivities as a catalyst prepared by the aqueous impregnation
of potassium carbonate followed by calcination.

Exm_rimental Procedures-

For tests reported in this technical progress report, UOP's standard procezture for activation and
testing was used. The slurry autoclave reactor used for these runs is contained in a hot box
which is maintained at 130°C. The liquid and gaseous products are separately withdrawn but
taken to the same traps. There are three traps in series the first is in the hot box, the second
and third are outside of the not box and maintained at ice and dry ice/acetone temperatures,
respectively. A small slip-stream of the product before the ice trap is taken to a gas
chromatograph (GC), GC-1, for an on-line boiling point analysis. A second slip-stream (after
the ice trap) is taken to a second GC, GC-2, for an analysis of the light gases (C_ to C,).
Periodically the total product (CO2-free basis) is analyzed by a mixture of off- and on-line
methods as follows: the gases by on-line GC, the contents of the hot box trap (wax) by off-line
gel phase chromatography (GPC), and the contents of two cold traps by off-line GC.

Run Summary

Run 42

Ten grams of potassium laurate were used with seventy-three grams of iron-copper oxide (Table
1). The iron : potassium weight ratio was 100 : 3.2. Based on previous work with catalysts
prepared by aqueous impregnation of potassium carbonate onto iron-copper oxide followed by
calcination, this ratio is higher than needed for optimum conversion and low methane + ethane
selectivity (Report No. 4, current contract). However, at the outset of this work it was not
known whether there would be a correspondence between the two potassium addition methods,
therefore, two levels of potassium were investigated: the level used in this run and the lower
level used in Run 43.



The conditions for initial part of this rt_n were the same as those used in previous runs with
catalysts prepared by the potassium imp cgnation method. After about fifty hours-on-stream the
conversions appeared to be lined-out, for instance, the CO conversion was 60%. This
conversion is about what one would expect based on previous work in this laboratory for similar
K-level catalysts resulting from potassium carbonate impregnation.

Plots of conversions and light product selectivities (GC-2 data) vs. hours-on-stream are in the
Appendix as Figures A-1 to A-6. The methane selectivity was quite low as expected due both
to the relatively low conversion and the high level of potassium. Previous work in these and
other laboratories has shown that methane selectivity decreases as the potassium level increases
or the conversion decreases. Selectivities to the other light products were also low, this again
was expected based on previous work. A plot of olefm/paraff'm ratio vs. carbon number is in
Figure A-7. These data are from GC-1 and illustrate the known fact that the Fischer-Tropsch
product becomes less olef'mic as the carbon number increases.

The liquid level in the autoclave is always allowed to build to a target from the initial low level,
but thereafter the level is maintained by periodic liquid withdrawals. A constant level at about
seven inches from the bottom of the autoclave is desired. The liquid level can be determined
by measurements of the internal reactor temperatures vs. distance from bottom of the reactor.

_Figure A-8 is a plot of the liquid level vs time and shows that the liquid level was maintained
at seven inches except for a brief period around sixty-five hours-on-stream.

At 145 hours-on-stream the space velocity was halved, as a result the conversions increased to
levels very nearly the same as in the earlier Run 37 which utilized the most active of this
contract's potassium carbonate impre,gt_ated catalysts, but at the initial, higher space velocity.
Conversions and selectivities from Runs 37 and 42 are summarized in Table 1. In Run 42 the

increased conversion induced by the lower space velocity also resulted in an increase in the
methane selectivity as expected. However, the methane selectivity at 70% CO conversion was
significantly lower than that of the Run 37 catalyst at a similar (76 %) CO conversion. The other
light hydrocarbon selectivities did not seem to be affected by the space velocity change.
However, there were increases in the light alcohol selectivities after the space velocity change.

A complete analysis of the total product was made for three twenty-four hr periods of this run.
These three periods covered the following times-on-stream: 25-48 hrs, 97-120 hrs and 145-168
hrs. The product composition was determined by on-line GC analysis of the product gas (C1-
C_), off-line GC analyses of the coments of the wet and dry ice traps and off-line GPC analysis
of the contents of the hot box trap. The traps do not do an adequate job of collecting the Cs's
and C6's, therefore, these concentrations were no doubt higher than found. A sample wax GPC
analysis is shown in Figure A-9. Wax and GC analyses are summarized in three Lotus
spreadsheets, one each for the three periods, Figures A-10 to A-12. From these analyses the
weight percent of the total product at each carbon number on a CO2-free basis (sum from all
traps) as well as the natural logarithm of the ratio of wt % at a carbon no. to the cadxm no. was
calculated. These data are summarized in a wt % of total product vs carbon number plot (Figure
A-13), and Schulz-Flory plots and attached as Figures A-14 to A-19. Figure A-13 illustrates



that the values for C5 and C6 are low, this is because the traps do not do an adequate job of
trapping these products. The Schulz-Flory plots include full range and partial (C_-C20)Schulz-
Flory plots all of which are parabolic (so-called "double alpha") plots. Such double alpha plots
have been observed before. A modified non-linear least squares method was used with the Ct-
C20data to calculate values for alpha-1 and alpha-2 as well as XI which is the carbon number
"breakpoint": the carbon number at which two straight lines defined by the "linear" portions of
the parabolic Schulz-Flory plot meet. The summary plots also include Figure A-20 which
reports the weight percent of the total product in each of the historic fuel distillation ranges: gas
(C_-C4), gasoline (C_-C12), diesel (C_3-C19)and heavy (C20.). The increase in light ends
selectivity and the compensating decrease in wax yield due to the space velocity change are
clearly visible in this plot.

Run 43

Potassium laurate was used again but in a lesser amount to provide a potassium level equal to
that present in Run 37. Run 37 was the best previous run from the standpoint of low methane
+ ethane selectivity and high conversion. Although the iron-copper oxides used in Runs 37 and
42 were from different batches it was hoped that with similar potassium levels the catalyst
performance during the two runs would be similar.

The initial operating conditions for this run were the same as Run 37; these conditions were
maintained until an apparent line-out in conversions and selectivities was achieved. Plots of
conversions and light product selectivities vs. hours-on-stream are attached as Figures A-21 to
A-26. Line-out conversions and selectivities from Runs 37, 42 and 43 are compared in Table
1. The CO conversion and methane/ethane selectivities for Run 43 were close to those of Run

37. It appears, therefore, that the simple addition of potassium laurate at the beginning of the
run can replace the more time-consuming potassium carbonate impregnation with no ill effect
to the catalyst.

During the latter part of this run space velocity and temperature changes were made to determine
product selectivities at different conversion levels. The initial conditions were re-established at
the end of the run to confirm that the catalyst had not changed in performance during operating
condition excursions.

Analysis of the total liquid product was performed for three twenty-four hr periods (Period 4,
72-96 hrs; Period 9, 192-216 hrs, and Period 15,336-360 hrs). The Lotus spreadsheets which
summarize these analyses are attached as Figures A-27 to A-29. The Schulz-Flory plots and the
bar plot of gas, gasoline, etc. which were prepared from the spreadsheet data are attached as
Figures A-30 to A-36.

Figure A-37 is a plot of autoclave liquid level vs. hours-on-stream. Except for a few times the
liquid level was within one-half inch of the seven inch level target.



The data from the condition changes are summarized in Figures A-38 to A-48. Two types of
plots are represented in these Figures: selectivity vs. conversion and yield (selectivity times
conversion) vs. contact time. The latter plots are helpful in determining which products are
primary and which are secondary.

Figure A-38 is a selectivity vs. conversion plot for methane. 'lhe methane selectivity is greater
at higher conversion presumably because the H: : CO ratio increases as the conversion increases.
Figure A-39 is a yield vs. contact time plot for methane, which shows methane formation at very
short contact times. Methane, therefore, appears to be a primary product from the reaction of
synthesis gas. There is no downward bend to the plot at long contact times which indicates that
methane isn't converted into secondary products.

Figures A-40 to A-42 are yield vs. contact time plots for ethylene, ethane and ethanol. From
these it appears that ethylene is a primary product which appears to be consumed at high contact
times whereas ethane is a secondary product. The easiest guess as to the mechanism is that
ethane results from hydrogenation of ethylene. Ethanol appears to be a primary product. (Yields
for all the alcohols at the highest contact time are questionable because of the unstable alcohol
selectivities at this condition-see alcohol selectivity vs. hours-on-stream plots in the Appendix.)
Figures A-43 to A-48 are yield vs. contact time plots for C3 and C4 hydrocarbons and alcohols.
Unlike ethane both propane and butane appear to be formed as primary reaction products. There
is indication from the data at 235 °C that propanol and butanol are formed as secondary reaction
products.

Conclusions

A new, shorter, method for applying potassium to the iron-based Fischer-Tropsch catalyst has
been developed. This method uses a potassium salt of a long-chain carboxylic acid which
probably has enough solubility in the slurry oil present at start-up so that the potassium can be
effectively transferred to the iron oxide catalyst. The resulting catalyst has nearly the same
performance properties as one prepared by impregnation of potassium carbonate followed by
calcination.

Plans for the Next Quarter

Additional experiments are contemplated with potassium laurate-derived catalysts. One specific
approach will be to dissolve the potassium laurate in an organic solvent and add it to the slurry
autoclave during a run. This might make it possible to adjust the conversion and/or selectivity
during a run.



TABLE 1
PERFORMANCE SUMMARY: TWO POTASSIUM ADDITION METHODS

(LINED-O UT CA TAL YS TS)

CATALYST

OXIDE PART, g 73 73 73
Fe, WT % 64.2 62.2 62.2
K, WT % 1.3 0.0 0.0
Fe:K, '_i" 100 : 2.1 -- --

K LAURATE, g 10 6.5
Fe:K, WT 100 : 2.1 100 : 3.2 100 : 2.1
(TOTAL)

,,

TEST CONDS.
TEMP, °C 265 265 265

PRESS, PSIG 290 290 290
FEED RATE, 2.4 1.4 2.4

(NL/HR •g Fe)
,,,

PERFORM. SUM.

CONVER., %
CO 76 70 70

H_ 62 58 60
PRODUCTIVITY 2.5 1.4 2.3

(M COfHR.g AT. Fe)
SELEC., MOLE %

Ci 3.8 2.5 4.1
c_ 1.O 0.7 1.__!

(C_ + C2)'-----> 4.8 3.2 5.2

C2_ 3.0 2.5 2.7
CO2 47 45 47

1. FROM K203 IMPREGNATION
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FIGURE A.2
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FIGURE A.4
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FIGURE A-6
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FIGURE A-7
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FIGURE A- 9

CORRECTED WAX PRODUCT DISTRIBUTION
PLANT 700B, RUN 42, PERIOD 3
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FIGURE A-10

PLANT700_, RUN42, PER)D_3 TOTALPRODUCTS C5, C6CORRECT[DUSINB
C5/CIoC6/C1RATIOBYGCI

MAX MAX ICE AG ICE_ CRYOAG CYRDHC 6AS SUe "
C I .t% 6ram 6ram 6ram $ris 6rim |ram 6rim MT%i Ln(II7%ICN}

Total 100 62.6 0 25 0 3.03 25,67 121.98

1 0 O,OCO 0 0 0 0.037 5.56 5.60 4.59 -3.0B2
2 0 0.000 0 1,317 0 0.04 6.16 7.52 6.16 -3.480
3 0 0,000 0 I.SB1 0 0.241 B.31 lO.J3 B.31 -3.587
4 0 O.O&O 0 2,B3_ 0 0.563 5.64 9.04 7.41 -3.9B9 6AS

I

26.46

5 0 O,OOT_ 0 2.66B 0 0.777 7,01 5.75 -4,466
6 C,,04 0.025 0 3.226 0 0.746 5.74 4.70 -4.B49
7 0,4 0.210 0 3.456 0.359 4.07 3.33 -5.347
£ O.B; 0.51_ 3.122 0,111 3.75 3.0B -5.561

1.25 O,B_S 2.50_ 0.071 3,42 2.B0 -5,772
I0 I._ 1.23Q 1.779 0,049 3.07 2.51 -5.906
li 3 1,B76 1,153 0.033 3,06 2.51 -6,062
12 4.05 2,5_5 0,725 0 3.26 2.67 -6,107 S_SOLIIG

27.36
I_ 4,B6 3.042 0.3% 0 3.44 2.B2 -6.134
14 5.54 3.466 0,165 0 3.6_ 2.98 -6,153
15 5.32 _,_30 0 0 3._3 2._ -6.309
16 4._2 3.080 0 3.0B 2.52 -6.452
17 4.84 _.030 0 3.03 2.48 -_.529
IB 4,23 2,64_ 2.65 2.17 -6.720
19 3.9 2.441 2.44 2.00 -_.|56 OIESEL

17.71

20 _.64 2.279 2.20 1.07 .._.976
21.05 3.11 1.947 1.95 1.60 -7.105 _AVY
22.6 2,73 1.709 1.7l 1.40 -7.306 20,46

24.25 2.36 1.477 1.4B 1.21 -7.602
26,05 l.OB 1.177 l.lB 0.% -7.901
2B.05 1,5_ 0.95B 0,% 0.79 -O.lOl
30,2 1.2_ O.BOB O.Ol 0.66 -8,42_
_.55 0.9_ 0.595 0.59 0.49 -B.B06
35.2 0.66 0.413 0.41 0.34 -9.249
3B.I 0,46 0.2BB 0.29 0.24 -9.669

41,_ 0.34 0.213 0.21 0.17 -10.072
44,65 0,31 0.1_4 0.19 0.16 -10.247
4B._ 0.29 0.1B2 O.]O 0.15 -I0._9B

5_.25 O._B O.lT_ 0.16 0.14 -10.520
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FIGURE A.]O (CONT)
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FIGURE A-II

PLANT700B,RUN42, PERIOD6 ICTALPRODUCTS C5CORRECTEDUHIN6
C5/C1RATIOBYBC!

WAX MAX ICEAG ICEHE CRYOAG EYEDHC 6AS SUM

C I wtI Brim Brae 6ram 6ram 6rim Brae Brim WTZ Ln(WTZ.'CN;

T_tal 100 166 0 2B.q? 0 13.?B 29.66 248.94

1 0 0.000 0 0 0 0 5.64 5.64 2.27 -3,7B7
2 0 0,000 0 0.572 0 0.322 7.55 8,44 3.39 -4.C77
3 0 0,000 0 1.1 0 0.254 9.6 IO,;B 4,41 -4,:19
4 0 0.000 0 1,B4 0 0.568 6,B7 9.2B 3.73 -1,676

5 0 0,000 0 2.2 0 0,644 9.B6 3,96 -4._3B
6 0,04 0,066 0 2.74 0 2.76 B,B5 3.56 -5.127
7 0.24 0.39B 0 3.B4 3.4B 7.72 3.10 -5,t)O

8 0.2g 0.4B1 4.33 2.59 7.40 2.q7 -),5%
9 0,5? 0.979 3.BB 1.65 6,51 :.61 -5,641

I0 0,94 1.560 2.94 0.185 5.49 :.20 -6,1!B
li 1.28 2.125 2,0B 0.474 4.6B 1.B8 -6,_72
12 1.66 2.756 1,47 0.17 4.40 1.77 -6,5;2

13 1.86 _,OEB O.E�B 0.057 4.04 1.62 -_.BE_
14 2.12 3.519 0,49 0 4.01 1.61 -6.76B

15 2.11 3.503 0.286 0 3.79 1.52 -6.893
16 2.03 3,370 0.122 3.49 1.40 -7.0_
17 2,07 3.436 0.082 3.52 1.41 -7.092
1B I.BB 3.121 0.092 3.20 1.29 -7.244
19 l.B 2.988 0.041 3.03 J.22 -7.353

20 1.73 2.872 2.87 1.15 -7.458
21.05 1.52 2.523 2.52 1.01 -7.639
22.6 1.44 2.390 2.39 0.96 -7.764

24,25 1._7 2.274 2.27 0.91 -7.8B4
26.05 1.24 2.058 2.06 0.83 -8.055
2B.05 1.13 1.676 1.8G 0.75 -B.222



FIGURE A-11 (CON7)
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_: 0 O.OOC, 0.00 0.00 ERR
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FIGURE A-12

PLANT700B, RUN42, PERIODB TOTALPRODUCT5

VAI WAI ICEA9 ICEHC C_YGAO CY_OHC 6AS SUM
C i wt% 6ram Brae 6ran Brae 6roe 6Tea Brae HT% Ln(WT%/CN)

Total 100 61 0 22.99 0 13 I?.17 1!6,16

I 0 0.000 0 0 0 0 3.69 3.BB 3._4 -3._99
2 0 O.OOO 0 0.6 0 0,655 4.45 5.71 4.91 -3.707
3 0 0,000 0 0.979 0 0.638 6.27 7.B9 6.79 -3.766
4 0 0,000 0 1,64 0 1,621 4.57 7.83 6.74 -4.0B_ SAS

:I.?B

5 0 0,000 0 I,_3 0 2.9 4.73 4.07 -4.610

6 0.04 0,024 0 2,56 0 ) 5.5B 4.91 -4,B:7
7 0,22 0.134 0 3._2 2.03 5.46 4_72 -4.q;9
6 0,27 0.165 3,47 1.13 4,76 4.10 -5.:73
9 0,59 0._60 2.97 0.573 3.90 3.36 -5,5_0



FIGURE A-12 (CONT)

10 1.07 0.6_3 2.18 0._27 3.16 2.72 -5.907
11 2.24 0.7_6 1.4_ 0.147 2.3_ 2.03,; -6.297
12 1.3 0.7_3 0.916 0.06_ 1.77 1.53 °6.667 StSDLI_E

27.34
13 1.29 0.787 0.442 0.016 1.24 1.07 -7.101
14 1,37 O.B3_ 0.221 0 1.06 0.91 °7.339
1_ 1.26 0.781 0.126 0 0.91 0.78 °7.561
16 1,23 0.750 0.0_5 0.85 0.73 -7.6%
17 1.23 0.750 0.063 0.81 0.70 -7.795
16 1.17 0.714 0.031 0.74 0.64 -7.940
19 1,2 0.7_; 0 0.7_ 0.63 -8,011 DIES[L

5.46

"_' 1,25 0.76_ 0 0.76 0.66 "8.0_2
21._ 1.17 0.714 0,71 0.61 -B.139 I_tvY
_2,6 1.1_ 0,706 0.72 0.61 -B.219 45.42

24,2F 1.!4 0.695 0.70 0.60 -8.307
26,0_ 1.% C.647 0.65 0.56 -8.451
26,05 1,01 0,6_6 0.62 0.53 -0.573
30.2 1,01 0.616 0.62 0.53 -8.647

32,_5 C,.94 C._73 0.57 0.49 *0.794
_.2 0.6_ _.5:5 0.52 0.45 -B.%1
76,! 0.63 0.500 0.51 0.44 o9,076
413 0,7_ 0.482 0.40 0.41 -9.206

44,6_ 0,75 0.454 0.46 0.39 -9.340
46,B 0.70 0.427 0.43 0.37 -9.494

5_,25 0.6e O.aC_3 0.40 0.35 -9.640
56.: 0,_3 0,_4 0.36 0.33 -_.77_

6_,_5 0.5_ 0.30_ 0.36 0.31 -_._32
7C,0_ 0.St 0._29 0,33 0.26 -10.115
77.1_ 0.52 0.?_7 0.32 0.27 -10.249
6_.1_ 0,47 0.2E7 0.29 0.25 -10.447
q4.25 0,43 0.26: 0.26 0.23 *10.63_

104._ 0,40 0.244 0.24 0.21 -10.015
120 0.2; 0.134 0.13 0.12 -11.551
134 0._5 0.336 0.34 0.29 -10.745
146 0.27 0.165 0.16 0.14 -11.542
164 0.20 0.122 0.12 0.11 -11.959

1B5,5 0,15 0.0_2 0,0_ O.eD *12.3_9
210 0.10 0.061 0.06 0.05 -12.09;

236,5 0.06 0.037 0.04 0.03 -13.537
272.5 0.04 0.024 0.02 0.02 -14.076
312,5 0.02 0.012 0.01 0.01 -14.906 ' .

35_ 0.01 0.006 0.01 0.01 -15.730

SU_ 32.03 1_.5363 0 22,q93 0 13.002 19.17 74.703364.31069
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FIGURE A-13

TOTAL HC PRODUCT DISTRIBUTION
PLANT 700B, RUN 42
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! FIGURE A-15
I

SCHULZ-FLORY DISTRIBUTION
PLANT 700B, RUN 42, PERIOD 3"
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FIGURE A-16

NONLINEAR REGRESSION OF F-T PROD. DIST
PLANT 700B, RUN 42, PERIOD 6 "
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Experimental -4--NLR Fitted "_ C5 C6 Crrctd

ALPHA 1-0.65; ALPHA 2-0.94; Xl-7.2;
PHI-0.672
\RUN42\P6NLR.CH_
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FIGURE A-18

NONLINEAR REGRESSION OF F-T PROD. DIS
PLANT 700B, RUN 42, PERIOD &
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FIGURE A-20

H(; PRODUCT DISTRIBUTION
PLANT 700B RUN 42

WT%
60

20 i

I
i10

0 GAS(Cl-C4) GASOLINE(C5-C12) DIESEL(C13-C19) HEAVY(C20_)
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FIGURE A-21

POTASSIUMLAURATEADDmONTOSLURRY
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FIGURE A-22

POTASSIUMLAURATEADDITIONTOSLURRY
PIT 700B RUN 43 H2:CO feed=0.7, 1100 rpm
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, FIGURE A-24

POTASSIUMLAURATEADDmONTOSLURRY
PIT 700E RUN4:3 H2:COfeed=0.7, 1100rpm
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FIGURE A-27

i_! t_! ICEAG ICE HC I_YOAG CYR_HC _S S_
C I .t! 6r** |rtl |rll |rll Irt! |rta |rta IITZ Ln(iTZ/CN)

(

lott] 167,64 0 &3.99 0 21,98 43,1 2%.72 :

1 0 0,000 0 0 0 0 9.79 9.79 3.30 -3,411
2 0 0,000 © 3.71 0 1.07 ]0.08 14,86 $.01 -3,687
3 0 0.000 0 4.36 0 ].04 13.29 ]E.67 6.30 -3,1_3
4 0 _,000 0 i.46 0 3,2 9,94 21,62 7,29 -4,005
5 0 C.O00 0 7,25 0 5,B_ 13.13 4,43 -1,727
6 0.2 0.335 0 7.82 0 5,43 13.59 4,58 -4,876
? J.02 J.TJO 0 B.73 3,15 13.5_ 4.56 -5.029
E 1,5E 2.64? 7.e; 1,3 11,77 3,97 -_.307
9 ;._5 3.940 6.01 0.416 10.37 ],47 -5.551

10 3,]; 5._30 4.04 0,20B 9,48 3.19 -5,746
]] 3.64 6.4_7 2,47 O.JB2 9,0? 3.0_ -5,064
12 4,2_ 7,]?; 1.6_ 0.104 8,95 3,01 -5,986
_3 4.4_ 7._?; O.B;4 0,0;6 8.24 2,70 -6.14B
14 4,_ ?.5_ 0.49? 0 |.09 2.73 -6.24J
1_ 4,(,: 6.E_e 0.24? 0 7,10 2,39 -6,440
1_ 3._B 6.1_? O.OE2 0 6.25 2.11 -6.6_3
17 _,_ 5.6_7 0 5.B7 I,_B -6.75?
J_ ;,?E 4,?;: 0 5,0(' 1,6B -6.975

J_ ;,6_ 4.44_ 0 4,44 1.50 -7.146
_ 2._? 3._ _.97 1.34 -7.309

22.0_. 1.9; 3.2:3 3,20 1,08 -7.576
;:.6 _.6_ 2.7E_ 2,76 O,q4 -7,7B?

;4.2_ ].5;, 2._ 2,52 0,05 -7.9_;
2_.0_ J,;; 2.163 2,16 0.73 -i.le!
_.0_ l.l: I.E?£ 1,0S 0.63 -8,377
30.2 1.04 1.742 J,74 0,59 -8,545

3:._ 0._ 1.4_; 1.47 0.50 08.77S
Z_,2 0,7_ 1.30E 1,31 0,44 -|.gBb
36._ 0.73 1.224 1.22 0,41 -4.131

41.3 0.64 1,073 1,07 0,36 -9._43
44._5 0.5; 0.96_ 0,99 0.33 -_,507
4£,_ 0,54 0.?05 0,91 0.31 -4,680

5_.2_ 0,4_ O.B:J O,B2 0.28 -_.B64
5_,2 f.4b 0.771 0,77 0,26 -I0,017

63.75 0,4; 0.704 0,70 0,24 -10,197
70.05 0,77 0,620 0,62 0,21 -I0.420
77,15 0.32 0.536 0.54 0.18 -10,661
B_.:5 0.27 0,453 0.45 0.15 -10.930
?4.25 0,2_ 0.3B_ 0,3_ 0.J3 -J1,1_2

10_._ 0,1_ 0.317 0,32 0,11 -11,4ET

t
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FIGURE A.27 (CONT)
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134 _.2! 0._,'2 0,35 0.12 '_ -11,6_5
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IB_.,_ 0,04 0.067 0,07 0,02 _ -1_,61E
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FIGURE A-28 (CONT)

|_.)5 _.:_ O.i:_ 0.1! 0.1_ -11.170 -
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"" _. i.t C.06{ 0.06 0.04 *12.4_46 be. •

134 0.34 0.1_6 0.15 0.10 -ll.?l_,
J46 0.15 0.064 0.06 0.04 / -12.6_0
164 O.10 0;043 0.04 0.03. "13.212

11",5 0.07 0.030 0.03 0.02 " -13.lq2
210 0.05 0.022 0.02 1.02 - -14.113

238.5 0.0) 0.013 0.01 0.01 014.791
272.8 0.02 0.00:_ 0.01 0.0] 015.325
3]2.5 0.0] 0.0_4 0.0o 0.00 -16.16_

3_9 0 O.O00 O,O0 O.fl IE_
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FIGURE A-29

i:_ i_I ICE _; ICEH: CRYDtO C_S H: 6tS _M
C I it_ 6't, 6rat 6r,e 6rat Era, 6rtt 6r,e _I Le(ITZ/Cki

Tots: J54._ 1.0_3 62,99 2.291 IE 5..% _2.gO 'e

1 0 0.00_ 0 0 0 0 16,09 16,09 5._0 -2,901
2 0 0.00_, 0.719 1.22 1._ 0.781 10.84 15.06 5.I4 / "3.661
3 0 0,000 0.213 2.69 0.513 0.804 D.06 19.20 6.56 . "3.B]9
4 0 0.000 0.J14 4.73 0.196 1.47 |.56 15.07 5.D ° "4.353

0 0.0('0 0.047 5,54 0.062 3.03 1,70 2.97 -5.126
6 0,_2 0,4_4 0 5,9S 0 3.62 10.06 3.44 "5.162
? 0.4 0,616 0 7.33 2,01 10.76 3.67 "_.250
g O.E_ 1.202 i,l_ 2.44 11.|7 4.0_ "5,285
9 J.2 J.054 7.66 J.50 11.09 3.?9 -5,470

]0 J.5_ 2.44J t.IJ 0.85: 9.40 3.21 "5,741
1! 1.76 2,75_ 4._2 0.3?8 7.4_ 2.54 "6,0_
12 1.9; 2._e_ 3.5 0.166 6.63 2.27 -6._72
33 2.0_ 3.l_7 2.36 0.071 5.60 J._l "6._;_
JL ;.:: ?.4_4 2.47 0 4o8_ J.67 "6.73]

;_ _._'. _,.,,,'_' 0._; 3.60 1.26 -7.150

!_ _.] 3.2_ 0,32_ 3._7 1.22 -7.24_
1_ 1,14 :.;;" G.I_? 3.16 1.0_ -7.411
!; :,;; ".qE _.;S 1.0_ -7._3]
; ],_4 _,;:- 3.00 1._2 -7,S?_

" "' ',_" 2.'_ 2.7E 0.% -7,?_4"

":.'_ ,..,''_ ;.':*, 2,3; 0._; -8.0_

._.: :.(_ 1 _: 1.67 ¢._7 -E.E:._
_" " _,:: ; 4_" 1.4_ 0.51 -_.0(:

{_,_ {,:: :.'" 1.:2 0.42 -;.3_
_:.:_ (,': :.':: 1.11 0.3E -q,54_
_ : (,c_ 1._ 1.00 0._4 -_.7_;

e_._ O._E (.£;_ 0._0 0.3! -_.e41
71..._ C.",. 0.7_E 0.7_ 0.27 -10.167
_.l_ (.i_ 0._ _.70 0.24 -10.307
_.1_ ¢._; 0,_(" 0.60 0.21 *10.631
:t.;_ 0.;_ C._:_, 0.51 0.17 -10.099

]C,_._! 0.:7 0,417 0.42 0.14 -11,203
::" 0.:4 C.216 0.22 0.07 -11,996
!_4 0.31 e.A?_ 0.48 0.16 "11._14
14_ 0.14 0,216 0.22 0.07 -12,194
164 0.(,? 0.13_ 0.1A 0.05 -12.752

1_._ ¢.(,e 0.0_ 0.0_ 0.03 -13.2_1
21C 0.04 0.06? 0.06 0.02 -13.810



FIGURE A-29 (CONT)
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FIGURE A-36 "

H(_ PRODUCT DISTRIBUTION
PLANT 700B RUN 43
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50 ...............

Hours On Stream _" _-
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FIG URE A-3 8 t

Plant 70013, Run 43
CO Cony/Methane 8oleo
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FIGURE A-39

Plan,, 700B, Run 43
Contact Time/Methane Yield
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FIGURE A-40

Plant 700B Run 43
Contact Time/Ethylene Yield
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FIGURE A-42

Plant 700B, Run 43
Contact Tim/Ethanol Yield
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FIGURE A-43

Plant 700B, Run 43
Contact Time/Propane Yield
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FIG URE A-44
#

Plant 700B, Run 43
Contact Tim/Propane Yield
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FIG URE A-45

Plant 700B, Run 43
Contact Tlme/Propanol Yield
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FIGURE A-46

Plant 700B, Run 43
Contact TIm_3uto_ Yield
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FIGURE A-47

Plant 700B, Run 43
Contact Tlme/Butsne Yield
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FIGURE A.48

Plant 700B, Run 43
Contact Time/Butanol Yield
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