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similar space velocity). The ALKANOL selectivity appeared 1o be
decreasing over the 6-7 hour test duration while the CZ'CG oxygenated
fraction of the ALKANOLS was increasing with on-siream time.

UCI L-1124 Catalyst {Run 213-63B)

UCI L-1124 catalyst was screened for initial catalyst performance in the
Berty reactor. The catalyst was reduced under the same conditions as
those used for reducing UCI L-112Z catalyst with the exception that the
maximum reduction temperature was 450°c. This high temperature resulted
from a temperature controller malfunction. Only two synthesis tesis were
made with this catalyst (see Table V-13 for test Summary and Appendix for
detailed computer run sheets), and the carbon merioxide conversion per pass
at the two test conditions were significantly lower than that of the other
two UCI catalysts. It is quite probable that the high reduction
temperature resulted in a lower catalyst activity than would be expected
if a lower maximum reduction temperature was utilized. One interesting
point o note is that the concentration of CE'Cﬁ oxygenates 1in the
ALKANOL mixtures during the initial activity stages was higher for this
catalyst than that of the other two UCIL catalysts.

A1l three of the UCI catalysts appear to result in high selectivity to
ALKANOLS and were therefore studied in more detail under conditions of

longer-term testing in the process variables studies of Task 2.

3. Screening Studies Using In-House Formulations

The catalysts prepared from in-house formulations have been classified
into one of five groups of catalysts as described below:

Group I 5 or 6 component catalyst systems with atomic formula
(see Tahle V-14):

Cu]'OanCoyMZAa
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TABLE ¥-13

INITIAL CATALYST PERFORMANCE QF UC1 L-1124

CATALYST SCREENED IN THE BERTY REACTOR

Test No. {213-63)

{1}
Test Conditions

Temperature, 9C
VHSY, 1/hr/kg cat
Hours on Stream

Run Results

O Conversion{2), volx
ALKANOLS Selectivity, Wt%
01-C3 H.C. Selectivity, Wtk

ALKANOL Weight Distribution, Wt

Methanol
Cp~Cg Oxygenates
C4-Cg Hydrocarbons

359
2480
1.3

9.0
96'3
3.7

84'4
10.3

84.7

10.5
4.8

(1) Synthesis gas has a 2/1 hydrogen/carbon monoxide ratie with

carbon diaxide content, :
Synthesis pressure fixed at 1500 psig
Impeiler speed fixed at 1500 rpm.

(2) carbon dioxide-free basis,

CHEM SYSTEMS INC.

5 percent
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where! M is one or more transition metals;
A is an alkali metal; and
a,X,¥,2 are the respective atomic ratios
of the metals in the catalyst.

Group 11 Quarternary catalyst systems with the atomic formula
(see Table V-15}:

CuCoxM_y}\a or CuCrxNyAa

where M is Zn, Cr, Ru, or Th and A is K or Cs.

Group III Ternary catalyst systems with the atomic formula
(see Table V-16):

CquKa
where M = Co, Pd, or Ru,

Group IV Bipary catalyst systems comprised of cobaif with either copper
or potassium (see Table V-17}.

Group V  Modified low pressure, methanol synthesis catalysts
{see Table V-18).

The detailed summary of computerized test data for each catalyst
formulation screened in either the Berty reactor or the diluted-bed,
plug-flow reactor is presented in the Appendix.

As discussed in the Overview, the HNewtonian approach to catalyst
development that was utilized during the formuiation and screening studies
made it difficult to correlate, on a common basis, 211 or much of the data
gbtained. During the course of the program, data correlations were
generated for particular seis of data and were reparted in the quarterily
technical progress reports (43, 44, 45, 46, 47, 48, 49, 50). In general,
those in-house catalyst formuiations that had good selectivity towards
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ALKANOLS during the initial catalyst performance studies had relatively
low carbon monoxide conversion activity. In the best of cases, the
coproduction of Tight hydrogarbon gases (Cl-CS] could not be reduced
to less than the equivalent of about 26 wt percent selectivity. This

compares to the 5-12 wt percent C]-C3 selectivities observed during
the screening of the three proprietary UCI catalysts.
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VI.  DISCUSSION OF RESULTS OF PROCESS VARIABLES STUDIES

A. Overview

Three proprietary ALKANOLS synthesis catalysts provided in calcined form
by United Catalysts, Inc. were evaluated in bench-scale units containing
vapor-phase and ‘slurry-phase reactors, respectively. Several series of
process variables studies were performed to elucidate the effects of the
key reaction variables on catalyst performance. The following variables
were studied:

Reaction Temperature: ' 245-350%C
Reaction Pressure: 1500-2500 psig
Space Velocity (Fresh Synthesis Gas): 400-5500 SL/Hr/Kg
Hydrogen/Carbon Monoxide

Ratios of Synthesis Gas: 0.6/1 - 2.2/1
Carbon Dioxide Content of Synthesis Gas: 0 - 10.8%
Ori-Stream Time: up to 590 Hr

Sturry Dil {Slurry Autoclave Unit only): n-heptadecane;
_ Witco 40 Mineral 011
Bed Dilution (Plug-Flow Reactor Only): 66% alumina/34% catalyst

A11 calcined catalyst samples were reduced in a vapor-phase reactor at
similar conditions. The agitator speed for the slurry autoclave reactor
was maintained at 720 rpm whereas the agitator speed in the Berty reactor
was waintained at 1500 rpm. Catajyst performance was assessed in terms of
per pass carbon monoxide conversions, ALKANOLS selectivity, ALKAROLS
composition, medified Schulz-Fiory probability parametérs and reactivity.

A1l three UCI catalysts were evaluated in the vapor-phase reactors, two in
the Berty reactor and one in the diluted-bed, plug-flow reactor. L-1122
catalyst, which was determined ic be the most preferred with respect to
its activity-catalyst age response, was alsc evaluated in two campaigns in
the slurry autoclave reaction system.
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Table VIi-1 is a summary of the comparison of the key catalyst performance
parameters for the three UCI catalysts. A1l three catalysts demonstrated
good selectivity and activity to ALKANOLS. However, reaction conditions
must be closely controlled to prevent catalyst deactivation or catalyst
compositional changes that could adversely affect. the composition and
yield of crude ALKANOLS.

B. Process Yariables Studies in Vapor-Phase Reactor Systems

Process variables studies were performed in vapor-phase reactor systems
(Berty gradientless reactor and diluted-bed, plug-fiow reactor) for
evaluation of the'performance characteristics of the three proprietary UCI
catalysts (L-1122, L-1123, and L-1124) over extended periods of on-stream
time. These catalysts had displayed promising initial performances during
the catalyst screening tests of Task 1.

UCI Catalyst L-1122 was evaluated in the Berty reactor in two campaigns.
The first campaign lasted for 292 hours on-stream time with a freshly
reduced catalyst sample. The second campaign consisted of rereducing the
catalyst recovered after the first 292 hour campaign foliowea by an
additional 298 hours of synthesis tests. In total, 36 material balance
tests were made exploring the effects of space velocity, synthesis gas
composition and on-stream time (i.e., catalyst age) on catalyst
performance.

UCT catalyst L-1123 was evaluated in the oiluted-bed, plug~flow reactor
over a 183-hour on-stream period after catalyst activation. A total of
seventeen material balance tests were made exploring the efiects of
reaction temperature, space velocity, syn gas composition and on-siream
time on catalyst performance.

UCI catalyst L-1124 was evaluated in the Berty reactor over a 141-hour
on-stream period. A total of seven material balance tests were made
exploring the effects of space velocity, synthesis gas compasition and
gn-stream time on catalyst performance.
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(1) Selectivities and
with 2% COz.

(2) Selectivities and
2/1 Ha/CO with 140.

{3) Selectivities and
with 1.3% CO; and

{4) Selectivities and
with 10.8% COy.

(5) Selectivities and
with 1U.8% COp.

* Campaign #1
**Campaign #2

CHEM SYSTEMS NC.
TABLE VI-1
COMPARISON OF CATALYST PERFORMAMNCE
UNDER LONGER-TERM TESTING
Catalyst No. {UCl) L-1122 L-1123 L1124
(1) (2) {(3) (4} (5)
Reactor Type Berty Berty Sturry Plug-Flow Berty
Autoaclave T
On-Stream Time, Hr. 292* 298%* 558 183 142
Maximum Activity, gmol
" CO Converted/hr/kg cataiyst 10 7 40 7.3 7.9

ALKANOLS Selectivity, Wtk 88 72 60 87 77
Cy-C3 Hyarocarbon
Selectivity, Wt¥ 12 28 40 13 23
Crude ALKANOL Composition, Wtk

Methanol 43 34 18 83 42

Cp-Cp Oxygenates 33 42 57 12.5 36

Ca-Cg Hydrocarbons 24 24 25 4.5 22
Modified Schulz-Flory
Prubability Parameter 0.6 0.5 0.48 0.39 0.50
Calculated HHY of ALKANOLS,
Btu/Gal 89,700 89,000 93,000 70,370 86,450

campositions at 292 hours on-stream time wsing 2/1 Hp/C0

compositions at 590 hours cumulative on-stream time using
8% COp.

compositions at 500 hours on-stream time using 2/1 Hz/CO
n-heptadecane as slurry oil.

compositions at 175 haurs on-stream time using 2/1 Hp/CO

compesitions at 141 hours on-stream time using 2/1 Hp/CC
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1. UCI L-1122 Catalyst (Run 213~74B)

25.0 gms of I L-1122 calcined catalyst pellets were charged to the Berty
gradientless reactor. Catalyst activation was accomplished by reduction
with a 2% hydrogen/S8% nitrogen gas at atmospheric pressure and &
volumetric. hourly space velocity (VHSV) of 1000 Sl/hr/kg cat. Reduction
temperature was gradually increased from an initial temperature of
200°C, to a final temperature of 350°C over a 24-hour period and then
maintained at 350°C for an additional 24 hours. At this point, hydrogen
uptake was compieted based on a gas chromatographic analysis of the
reactor effluent, Upen completion of the reduction, the reactor was
purged with nitrogen prior to pressurization with synthesis gas.

The catalyst logged 292 hours on-stream time with testing of six different
synthesis gas compositions prior to shutdown and removal from the
reactor. A sample of the spent catalyst was taken for analysis and the
_remaining 20.0 gms were later recharged to the Berty reactor. The thus
recovered catalyst was re-reduced by the same procedure used for the
initial reduction. The re-reduced catalyst was subjected to an additional
298 hours cn-stream time. Table VI-2 summarizes the run conditions and
results for the first 292-hour campaign while Table VI-3 summarizes the
results for the second 298 hour campaign with the rereduced catalyst.
Tables V¥1-4 and «5, respectively, show the crude ALKANOL fuel
distributions for the 1two run campaigns. Throughout run 213-74,
difficulties were experienced with the Carle gas chromatograph which was
used to determine carbon monoxide ¢onversions. Accordingly, the carbon
monoxide conversions were backcalculated from the product carbon
concentrations determined in the reactor effluent stream. The corrected
carbon monoxide conversions are reported in Table VI-6 (note that the
carbon monoxide conversions on the summary sheets of Tables Vi-2 and -3
represent the uncorrected values determined by the standard method
described in Section IV). It can be readily shown that the corrected
carbon monoxide conversion is related to the uncorrected value by the
following relationship:

v = % Carbon Accountabi]it,y) _
*eo yCD( 100 : - Yeoyco2 - (1)
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Table VI-2
=LAy FOR U # 213574 B

CHEM ZYSTEMEZ, IHC,

i st s v e et

TOORY' 5 DRTE 2

CAHTALYST HWUMEER @ UCT L-1122
ATOMIC FORMULA &
FREF. METHOD @ UCT PREFR

SURFBCE AREASLIY ¢ & Lo anm
BULK DENSITY®1? @ 1,84 2 e
TEST HUMEBER 1 o z 4 L &
TEST CONDITIONS :
FEED H2-CD Ratio 2025 2. 2% 2. 16 2;16 2. 16 13
FEEDL 02 _ ig, 27 18. 97 15,81 L. 21 £ 21 L. 88
atE. TEMP. .®C IR 3IBIE.E  IEI.e IEI.e IEI.e 3RI.6
HOT SPOT. *C I5I.e X5Z,8 ISX.g ISE. @ 338 3EI.4
FRESSURE, eziq 1490, 8 1493, 8 1495, 8 1498, 8 1495.8 149%.8
HSW, 1<hreokam cat. Ties. 4 Z1e9. T ZBEE 2 2974.4 Z¥V0.6  28Eg. 2
HOURE an STREAM 2.2 ZE.T 117. 8 178, & 1Z1.E 14, 8
COMVERSION @ S
O to Preds. . wol® 13.31 12, =8 13, 4 15. 87 15.291 24, It
OO oto 002, wolX -1. 48 -1,14 1.18 .21 4,11 T. TS
C0: am molsheskam c?t. 4, 83 Z. B3 4. 45 Te&2 E. 71 782
ST of Quwoenaiestd .
am molohrsKam cats Z.GBX O .21 g, 47 5. 3% 4, 54
STOICHIOM. H2-CD comverted 2. 83 1,325 .78 1.54 1.1 1,26
CerBOM SELECTIVITY ‘Mormalized Mol & on CO2-Ffree Bagish s
CHEOH YE.T7T7 7E, £ EF. 75 B 2 EA, 72 43, 81
C2-0f ALToMDLS . 43 .84 11. 57 12, 25 135, 8% 15, 74
. CR2-Ch ALD. ZESTERS L2 2% 2.7 2. 44 2. 54 2. 91 4,17
CHd - £, TX B, 32 &, 28 G 37 F. 91 H5, 12
CZ2-C3 HYDROCHRBOME Z.6d 4.89 - 8,23 7. B &. 9% 18, 88
Cd+ HYDROCAREOHZ I. B .18 1i. 5% 3. 16 =, 32 11. 82

APFROGCH T3
WES Euilibrium, *C ¢ 16, 2 Rl -ERI -79, 3 -8R 7 -13.

CAREOH ACCOLMTABILITY.X 428 65,4 7. A F.E F2. 8 Fv. kB ee. 9
OwGENM REJECTION RATIN, (SHE a. 8y B, &6 g, 94 @, a4 a. 52 8. @5

2

1% Fresh, non-reduced catalust, :
2y Space Tima Wizld (2TY) = VHEWSZE, 4 % MU0 in feeds1B9 € YOO corw 2180 % KDel,
to Oxwaenatas. i8R,
732 Defined a2 T =T &3 - T hs
whers T «1 = water fas shift sruyilibrive temr calculatsad for reactor eff.
comeEssition.
T he = hot srot tempPerature.
4y Defined as Carbon cbserved in Produsts  to Fead Carbon conwverisd,
oSy Defined a=z ratio of owegen remouved a2z wafer. to that removed as COZ,

Continued. ..

Reproduced from
Lest avaoilable copy.
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Table ¥I-2 (Continued)
SUAMMEeREY PR RLIF # =4 E—T7TSE

CRTELYST PUMBER § UCI L-1122
ATOMIC FORMULA 3

FRER, METHOD @ UCI FREF
SURFACE AREASLY 2

BLLY DENSITYLLY

R P
i. 84 O I (Yl v

A

TEST HUMBER 7 8 9 i0 11 12

e

TEST COMGITIONS ¢

N pamrax

FEED HZ-CO Ratio 2. 13 2. 13 2. BT L
FEED ©C0Z £, 28 E.g® . 277 277 19, 7% 19,35
HUE, TEMP, -*C IBT. 8 g.¢ IERLS O ZEILE ZC4. 8 84, 8
HCGT =POT. "C LT, 8 FnE. R ZTLa 2 OIE4B 304, @
PREZSURE, rais : 1493, @ 1495, 8 1SRG, & 1509, E  1CHE, 8 DAl @
pEE. lohrekam cat IET9.9 IE3IS.A ZATE, 1 ZeRE. 4 1921, B Il &
HOURES on STREAM 14Z, & 145, 0 1&6E.5 158, 3 199, 8 123.7
COHVERSION =
0 to Prods. - owoli - 1v¥. 14 17. &3 12,41 I7.7%2 28,2t 1T, =d
o0 to C02. wolX .17 E.ET 12,79 C.iZ E.c2 I. 24
Co. am malshrskam ‘ca,t. £. 25 Z. B . 54 2. TR E. 47 E.TZ
STV of Oxwsenatests?

sm malohirsdeam cat, £.8% g, 24 .35 5.7% .3 3. o
STOICHIOM, HE-CO conwertsd 139 L38 1,13  LEB4 L.44 243
CREEOH EELECTI?ITT CHormalized Mol X oon CRZ2-free Eﬁsis} :
CHTOH 5,90 54,85 I3.o5 48,47 3B, PO 41,29
C2~-t8 ALCOHOLE 14, 32 1Z. 85 12,53 15,47 2.8 19,71
mo-CB ALD, SESTERS e 2.9 &, 22 4, @7 4,82 £, I&
wH4 . Bl 1S . &1 g, 37 2, 24 V. AT
L2—£3 HYDROCARBONS &, 17 & 87 3,47 2,11 i1, 4% a1t
Cd+ HYDROCARBOMNS 18.42 18, 21 17,86 1Z.81 if.5t 17, L&
APPROGCH TOS32
WES Eauilibriom. *C % ~1Z.7 . -E.E 21 - —-La, 2
CQEEDM ﬁCEUUHTHBILITT,R (47 B2.@ #E, 2 1M7.3 183, 7 16, % ii=z. 2
QyREH PEJECTION REaTIONCED: G @5 B, H5s #. B4 E{GE H, 23
“1% Fragsh. non-reduced catalyst,
C3% Space Time Vield ¢STYY = VHSY-22.4 % B00 in Feed 198 & 500 cops, A108 ¥ XEZel,

to Dwwsenatess 104,
£3) Defined 26 T =T ex = T ks .
whare T 24 = water 7as shifl 2auilibrium temr calculated for reacior eff,
comroziLion
T ks = hot zerot temreraturs
¢4y Defined as Carbin ohserved in Products o Faed Cardon comwertad.
¢Sy Dafined ac ratis of oxwaen removed a2 Watar. o that remoued as Q0L

o
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23 Srpace Time Wield (STY: = YHEA-ZZ 4 ¥ KO0

o ey g enztess [0,

% Defined as T =T 22 - T

hi=

in fasdoiag * YOO

wherse T eq = water 9as =hifi esuilibrium temr calculated for
compositicn.

T ke = hot zpot temreraturs.
(4% Defined as Carbon cbsarved in Products

549 Dafined 3% rFatic of oxugen removed a3z watars

b F

i

f=l

Reproduced from

best available copy.

cons, <180 % X

reaciar

ed CDavbon canmsartad.

that remoned as

Fuk R}
CozE,

"y
(]
W

Table VI-2 {Continued) CHEM ZWETEMS, IRC.
iRy FOR ORELH #2135 T4E
TODRYTE DRTE ¢ O7014081

CATALYST MUMBER ¢ UL L-112%
aTOMIC FORMULY *

 PREF, METHOD @ UCI PREP
SURFACE AREASLY = 8 Wmesam
BULY DEMSITYSL? = 1,84 o
TEST HWUMBER 13 14 15 16 17 18

© TEST CONDITIONS |
EEED M2-00 Ratio yo 7. 14 247 B, 53 2,53 2,21
FEED [0% 10,95 16,84 i@.8€ S, 58 1=t B LS
BVE, TEMF, .°C TEI. A 4. @ 3EI.e 53,8 IEI.a 354
HOT SPOT, *C TET. A 3S4.8  ISI.A 0 IS e IDE.a I5L.G
FRESSURE. peiz {c3E, 3 15GS, o 1SHS. @ 1S@E. ¢ (EBC. A 1GER. @
YHEY, 1-hrekam cat. T221, 8 2EES, 9 2044.d4 ITIE I 19V ZRFRS
HOURS on STREAM 193, 2 197.2  2iT.9  93nG 2EILI 0 4R
COMVERSION @
c0 to FProds- -« wol¥ 13.59 14,12 13, 45 4, I8 =@, 35 16, 8%
OO ke CO2a wolk 1,32 2. T3 2, 75 .57 5. 31 I 12
Cl. 3w melshrskam cats £, 14 £ 13 4, 27 . I3 2, 48 £, G7
ST of Deussratectd?

am molshrokam cat. 4. 79 3. 16 2. 88 T.E2 1,47 .52

STOICHION. HE2-CO corverted 1,72 1. £E 1,67 1. 11 F. 932 1,54
CAREON SELECTIVITY {HMormalized Mol X on CO2-fres Basis) @
CHIOH &5, 94 T T 12 PE.44 240 ER Il.84
Ca-CE ALCOHOLS 20,67 15,89 1234 26,87 34,82 28, 3IC
-0 ull. 2ESTERS 4, ¥ £, 45 .93 1Z.I7 1Z.BE 8, &8
CHs E. 42 18, 29 2,82 4, &7 £, B2 5, 32
C2-CT HYDRDOCAREONS 7.2 imEFT 1136 5, 1% 7.87  1i.1%
4+ HYDROCARBOHS {4.82 15.%4 1%.5@  2ILEF 2453 IMLTE
RPPROGCH TOLEY
WES Eagilibrium. "¢ @ 47 5 -T4.8 - -4%. 4 2.1 -D, -, 7
CEREDH ACCOUMTABILITY.% ¢43: 118, 7 1877 11E.4 1EE.E 38L& 1143
DYEEN REJECTION RATIO.(E»:  8.83 B, B i £, B
“1) Frezhs rof-reduced catalussi.

=
-
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Table ¥I-2 (Continued)
SRSy FOR RUr # 21 T—7aE
o | TOnEVTE DATE ¢ BPC17oEY
CETAELYST MUMEER : UCE L-itE2
STOMIC FORMULE 3
PREF, WETHOD : UCI FREF
SURFACE @REASIY ¢ B M 3m
gULE DEMSITYSLY ¢ 1,84 amsoe
“TEST MUIMEER 19 20 21 22 23 24
TEST COMDITIOHS @
BEEN HECDD Ratic 1. 48 1.48 2,11 2. 65 2. BE 2,08
FEED 02 £, 7 5. 07 £ 1% £, #0 B. B3 B, G
SME, TEMP, 20 TEd.E ISR IETLH ISI,B ZEI.e 3IELLO
HOT SPOT. 0 4, m  IET. G IELG IET. @ I5I.@  ITI. 8
FRESEURE, peoig {56, @ 1G854 1SRRG 1%EE. & 156008 15680.8
WHEL, Lohrokam cat. 2?5?.2 45793 STEE, 3 I14l, 2 2916.4 4528, 2
UNURT on STREGM 2437 244.7 246.@  IBd. 7 BET.4 EERT
COMVERSION ¢ ‘
o0 4o Proda. s welX 1%, 58 .18 14,835 1335 £, 28 377
CO otz OOZ, uolk €, w2 T, @ 7. B2 7B A, G £ BT
EE, am molahrokam cat. F. 79 £ 2E Febl T, 9% £, B2 G S8
Voof Oxuweenatest K2

am moloheskam catl . TR E, &7 T 64 4. 31 T 42 d, 24
STOICHIOM, HZACO conuertad 1,27 1. 42 1.3 1. 75 1. 1% 1,20
CoORBPOM SELECTIVITY dHormalized Mol ¥ on CDE-free Bazis) 3
CHIOH .87 Ti.e4 2252 2ETAE 2R 81 IT4ES
Co-Cf ALCOHOLS 23,3 2I.46 238D IR.ES zs.n? 25, 27
Co-Cf BLD. SESTERS z. 16 L, 94 o 23 Z, 98 2, 45 > BE
CHE £.2%  E.21 ;1 73 T. 43 7. 07 6.5a
aeGZ HYDROCOREOMNE 8. 9f £,97 12,78 15.1@ %, 51 ]
Ca+ WYDROCARBOMS ap, 67 .09 27,88 2797 ET.AZ zz.aw
SFPROGCH TOLED
RS Eauilibrium. "C & -45, 5% —42,2  -93.7 @, &, 0 a8
CRREDH ACCOUMTABILITY.Y ¢43: i1iZ.@ 1295 1219 135.4 182.3 198.9
MYEEN REJECTION RATIO.C(BM  @B2 5 M A, 8z

" Frash, mon-reduced catalwst,
' Bezce Tifz Yield ©5TYD
to Ceuzenstes 180,

S

R

= UHEM22,

4 % %EO ip feedsl@@ &

watzy 9as shift eanilibrium temr caleculated for reacicor

to Frad Carbop converted,

CZy Dafiped a2 T =T g2 = T B3
whera 7 #a =
comrazition.
T kx = hot =pot tamesrature
ra4% Definsd s Garbon obzarved in Producis
£8Y Mafined as ratic of oxdden removed as walters

to thai remows=d az CLZ,

WEO coma, S1BE ¥ S
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H Zi1E

— R

I

-l
W TE

o
[

Lar;eriéd,
sz [CZ.

) TOLAY ™ & H AT
CEATALYST HUMEER = UCI L-1122
STOMIC FORMILA @
. PRER. METROD ¢ UCI FREF ~
SURFACE mRERTIY ¢ A (e
BULYE DEMSITVOLY ¢ 1,04 ame L
TEST HUMEER 25 20
TEST COMDJITIOHE
FEED HZ/OU Fatlo 218 11
FEED CoR . o
oz, TEMR, YO 2 2
HOT ZROT. U0 : &
FREZCIRE. rsig RS B N s
VR, 1ohpokan cat. To4, 5 Z9EER 2
HOURT on STHREAM ZE9, 8 Z91.5
COMUERZTON @
oIS 1, 27
{ 1,57 2,51
O aw Shrebam cata [ 11 L, ez
Ty u:.-f u;:u-; anatestEY
am molohrskam cat, 2. 74 . Al
CETOICHTON, HEA-TD converted i. &R .23
CRBEEON SELECTIVITY fHormalized Mol ¥ onp C02-fres Basizs) o
CHIOH 21. 32 3. 92
To-re ol COHOLES pLEEI S T, SE
oe-nE oall, EESTERS .72 I, ed
CH4 . 7OEE
203 HVEPEEHPSUH“ 18, 7d 19,12
Cds MYDROCEREOHS 2FLRT 0 PR de
REEGIECE TONED
WES Equpilibrivm. *C0 —-5E, & —-1i. 7
- CRREEOM Hz,DUH*HEILIT?,x {43s 152 8@ 122. %
CUYEEN REJECTION RATIGL(S):  £.82 @98
7 ner=ad U d ca+d‘udk.
1 = LHEY-22, 4 ok HE0 ip foedsIBR ¥ 3o WSall
i =
2 =hift sqaupilioriom teme caloulatad reactor aff
1
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Table VI-3
SIMMEREY FoR RO O # Z13-74B-~R
- TobeT S DRTS ¢ esoilsEd

CHTELYST WUMBER @ UCI L-1122 :
GTOMIC FORMULEA ®
FREEF, METHOD ! UCI PREP
SURFACE AREASLY @ & B’ 370
EULK DEMSITYS1) @ 1,1 )
TEST HUMBER 1 Z 3 4 = =
TEST COMDITIOMS @
FEED H2 00 Ratio 2. B4 2, B4 2,24 27 2 15
FEEL: CO2 10,78 1@.7e 11,81 1181 18,72 18. 93
e, TEMP, -*C T4 5 0 3|4 @ ITE4. 8 35T.H IEE 54, 0
HOT SFQT, °C 4.8  IC4.8  Fod.B 3EILE IEE S IEE. O
FRESSURE, Fsia 1E2c. @ {SE. @ {538, 9 1BFEJE IEZE. @ 128,49
UHEY, 1/hrokam cat. oAt 4 2G4, T ZEYT.G 23ISR 2 223407 IEE2L i
HOURS on STREAN = £, 5 27. @ 23, 8 £2.7 LTE.6
COMVERSION &
0O to Prods. - wnl¥ T.14  11.3I2 T.TE 14,85  2E.21 T, B2
Ot COZ. wolk 4. 65 1, &1 I AE 2.7 £. B& 4. 54
S0: sm molshrskam cat. Z. el 3. T3 I, a4 E.@7 & 95 t. 14
STY of hrwgsnatestdd ' _

at molshroksm cat. 1., 85 1. 72 1,61 2T 2, 94 . BT
STOICHION, HI-TO convertsd 1,29 1, &3 1,43 1,43 1. 39 1, 45
CAREON SELECTIVMITY +fHormalized Mol % on UOZ-fres Basisd :
CHIOH ' 353 28.7R PMLET 19.78 1467 12.71
Lr-Cf ALCOHOLS 21,32 iF.21  21.88 281 IT. 42 I ES
C2-C& ALD. GESTERS 1. £4 2. 83 €, 43 z. 21 I, 92 %, 94
THY 15,29 jr.am 1Z.25 0 13,48 (4,48 ?, G4
CR-03 HYDROCSFEOHS 18,35 PE.EE 2R, BT TR.19 0 SRd4R 14, £3
C4+ HYDROCARBONS 17.7 14,33 12,95 28,86 IR ED 2TIE
GFPROGCH TOMED
WEE Eauilibriums "C ¢ @ @ 14,8 1T. & oL 4 . 9
COREON ACCOUMTABILITY % (21 134,73 aT, 4 1835 95 3 ge. 7 150.7

@, o7 B, &G &, o7 . 10

{wyEEH REJECTION RATIO. (R

1) Fresh. non-reduced catalwst.
£2% Space Time Wield €STY) = LHSV-Z204 # KOO
to Owysenates<163.
LE) Defined as T = T &1 - T hs :
where T w1 = waigr sac shifi equrlibri
socmrasiticor.
T hz = hot sFrot tamrerziure.

n Prodocts

ratioc of oxyaen removed as W

o

Dafined as Larbon obzerved i
» Defined -as

it
+.

in feedsi08 & MO0 conmwn 7 1EE

umn Lame

=
h

Lo

tar: o

i)

g

s
[
ot
L)
[w'S

calculs

Carbon oonveried.

that raoved at COE.
Continued...



CHEM £YSTEMS, IMC.
Table VI 3 3 {Cancluded)
EELJP1P1FHF?3F FOFR I O # Z21E=E-FE—-FE

TODAY'S DETE @ B8-24-81

CATALYST HUMBER @ UST L-1122
ATORIC FORMULA
FREP. METHOD & UCI PREP

SURFECE AREA1Y 2 @ e/ am
EULK DEMSITYY:? ¢+ 1, 1E T
TESET MUMEER 7 8 .9 10

TEST COMDITIONS =

FEEL H2-C0O Ratio ' 213 2,25 2. @5 2,18

FEERD CO2 2,72 11,88 18,93 1@, 99

AYE. TEMP. .*L 354 TG Ih4. @ FE4.8

HOT SPGT. *°C 354,86 IE4 @ IRE.& IEE.O

FREZZSURE. psis 16368 15258 i1Si1G6 08 1536.8

WHEV, L-hrosham cat, 294,97 9@ 5 ZBEY. 2 ELE
_ HOURS on STRERM ZEE. 9 249,55 IF4.P ZRELE

COHVERSION 2

o0 to Prod=z. » wol¥ 11.85 14, 22 11,92 17.78
0 ta COZ, wolX Ty i 3. 88 3a 56 .11
Lo gm malohrokam czt. E. &2 .41 5.24 Eu gl
ST¢ of Cxusenatest2?

am molshrokam cat. 2.85 2. 24 2. 36 2TT
STOICHIAMN. H2-CO converted 1. 37 1.EE 1.54 1.8
CARECH SELECTIVITY (Hormalized Mol X en COZ-free Bacis) @
CHIOH ' 12.38 13.72 14,62 14,66
Ce=-08 ALCDHOLS 28, I 2. 1a 21,85 25 46
c2-Ce ALl EEETERS qQ, 9% e 47 Tad7 £. 13
H4 o, 91 14, 29 13,81 14. 82
C2~C3 HYDROCARBONS 14. 73 28, &2 19,91 28, 59
a4+ HYDEDOCARBIHES 24, T6 21. 8% 22, 34 2. 15
APFROACH TDW32
WES Eaygilibriom. *0 3 —-1&. 4 -2Z. 1 3501

- CRRBOM ACCOUNTABILITW.% <431 144.3 1R T 128, %9 24, 2

ONYGEM REJECTION RATIO.¢B3: @.81 @86 @684 0,18

Frzzh, nonereduced catalwst.

Srpace Time Yield €8Ty = VHEW-22.4 ¥ X000 in faed 169 ¥ XOO cope. ~108 ¥ X5al
to Oxdsznates 100,

03 Defined a2 T =7 ea - T hs

s

fud s
e e

o

where T 1 = watar sas shift esquilibrium temr calsulated for reactor =11,
composition.
T he = haot =pot temperature,

T Defiﬁed az Carbaon ocbserved in Products io Feed Carbon conuverted.
(S Befined as ratic of oxusen ramoved a2z water, to that remowed az COZ,
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CHEM SYSTEMS INC.

Table VI-4

] e e e R T ww v A e e e e s e e e

RUN 213743

Catalust Number ! UCI L-1122 Dete I 7/13/81
Catalyst Formulation! Prorristars WX (H,0 FREE)

TEST 3
COMPONENT 1 -2 3 4 B 6
PP TP T L R T e LR e e s
HETHANDL 20.182 ¢0.343 g0.3%2 32o343 B1.172 73.5%9
ETHANOL 2.091 2.0%4 3.294 3.498 3,199 3.848
N-PROP DL 2(727 24341 4,597 4,957 4,931 7+132
N-BUT OL 1.088 791 . 2.04% 1.9245 2:+744 30388
N-PENT OL «233 «118 442 «330 <000 + 4435
N-HEX OL + 273 «137 1128 +192 .18% G20
ACET ALD «000 + 000 146 + 000 + 000 +310
PROP ALD «&98 1776 1344 + 327 w376 +35511
BUT ALD + 000 + 096 + 342 473 + 534 +B824
PENT ALD «B05 + 576 B4 +807 «?57 1.060
HEX ALD + 000 +402 + 125 «282 278 « 722
C4 H.C. 620 21699 2.113 1.414 1,721 2.5534
LS H.C. +1%3 «1%3 i.264 i.o81 1,335 1.77%
C6 H!Cr 0230 230 ) 10512 |?2? '?IB 10212
£7 H.C. +401 + 335 1.382 1,408 1.391 2.113
€8 H.C. +B57 +000 0143 +214 «317 +100
C? H.C, « 000 +000 804 QOQOI 119 «225
TOTAL 100.000 160.000 100,000 100,000 100,000 100.000
========-------x::====é==========================z=========un===================
METHANMNOL ' 90¢.182 %0.,343 B0.392 82,243 81,172 73.59%
£2 - Cé&
ALCCHOLS 6.414 6.150 10.504 10.922 11,08B3 14,923
OTHER €2 - Cé&
OXYBENATES 1.503 1.850 1.882 1.889 2,145 3,498
cC4 - C¥?
HYRROCARBONS i.901 1.457 7.220 4,844 5.600 7.980

FEE R P P P R R L P R PR L LR R R PR R E R e e e

CALCULATED HIGHER HEATIMNG VALUE
Btu/gsl 67399, &7244, 71748, 70607, 71220, 74217,

Continued...
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CHEM SYSTEMS INC.

Table VI-4 {Continued)

RUN 2137480

Catalwst Number § UCI L-1122 Bate ! S/29/8B1
Cztalwst Formulation! Prosrietars Wtz {HQD FREE)

. TEST #
COMPONENT 7 8 2 10 i1 12
===============:=:2========“-========-ﬂ--I==============5======g=====:3='~========-=
METHANGL 78.8%3 72,511 £3,586 71,962 5%.54% 43.333
ETHANDL : 3.423 1,857 4.118 4,193 S5.409 4,983
N~-PROF OL 5.523 %.,783 2,000 7.010 11,428 8.824
N-BUT OL 2,458 1,997 4,389 3.012 4,549 4,353
N"PE”T UL 1752 1000 0651 0000 5?02 6?51
N-HEX OL » 194 + 098 1.027% 1.153 + 348 » 581
ACET ALD » 000 177G .118 + 265 313 $123
PROP ALD 440 + 447 .585 LTS48 +623 + 350
BEUT ALD 1515 494 1.114 1,445 . 1.593_ 2,254
FENT ALD 1814 B29 1.331 1102 .881 +B%5
HEX ALD + 190 +123 1.144 377 1,110 1.802
C4 H.C. 2,034 2,234 2,945 2,823 3.5488 2,751
CS H.C. 1.435 1,388 1.937 1.89% 2.705 2.184
{4 H.C. 1,041 712 1.851 1426 2,098 1.795
t7 H.GC. 1.518 1.542 2,829 2.185 3.501 3.700
C® H.E. 325 220 .844 » 430 292 +» 541
C% H.C. 121 123 2,325 1285 1.202 272
TOTAL : 1G0.080D 100,000 10¢.000 100,000 100,000 106,600
METHANGL I 78.8923 79.511 63.584 71.902 59.64% 43,333
L2 - t& _
ALGOGHOLS 12.54% 11.735 1?2.375 15.370 22.633 19.071
DTHER C2 - Cé4
OXYGENATES 2.061 2,332 4,292 3.778 4,394 S.430
ca4 - C?9
HYDROCARRONS &+AT7 5.421 12.747 8.929 13,322 11.:%45

GALCULATEL HIGHER HEATING VALUE
Rtu/gal 72345, 714897, 77124, 75041, 800440, 787132,
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CHEM SYSTEMS INC.

Table ¥i-4 (Continued)

CRUDE_ALKANOL _FUEL _WT _DISIEIBUTION
RUN 213F-—-74EB
Catalust Mumber ! UCI L-1122 ate ! 5/72%/81
Gatalest Formulation!: Proprietary Wt (qu FREE)
: TEST #
COMPONENT i3 14 135 15 17 i8
====2===:..'2:2:==$:=$==========ﬂﬂ-ﬂ-=======================z=================’ll==
HETHaNDL S 87,138 46.31% 63.041I 44,484 43,348 53.942
ETHANOL 4,042 5.002 4,F82 2.098 2.084 S.049
N-FROF OL B8.236 7.369 - 7.988 e,281 B.512 83,329
M-BUT GL. 2,854 J.881 4,843 B.071 - T«709 4,610
H-PENT DL 3-677 1563 1!0?1 3!054 '000 64345
N-HEX OL 109 L0000 1.245 3.139% - b+477 1.317
ACET ALD 199 + 507 + 000 175 « 087 142
FROF ALD 435 1435 +4231 + 843 1.034 499
RUT ALD 1.543 1,197 1,250 3.213 3.214 000
FENT ALD + 4461 1.320 + 000 4,349 4,351 1 0O0
HEX ALD 1,393 1.335 392 3.474 3274 000
£4 H.C. 2,175 3.4132 3,234 2.300 2.877 3+308
CS H.C. 1,620 2.395 2,499 1.78% 2,284 2.634
Cé H.C. 1.382 ' 1.980 1.919 2.473 3.242 2,591
C7 H.C. 2.143 3:.198 4,339 3.371 &,048 4,520
C8 HK.C. 122 +E73 1.413 5.087 4,298 4,417
C? H.C. 1.783 000 1.111% 2.792 143D 275
TOTAL 166,000 100,000 100,000 100.000 1006.000¢ 100.000
::======3==============-ﬂﬂ-------===========================ﬁ===========ﬂﬂ======
METHANOL 47,135 66,317 462,041 44,484 43,348 53.9462
C2 - Cb
ALCOHOLS 19.619 14.815 19,747 25.43% 24,783 27.4%91
OTHER C2 - C&
DXYBENATES 4,020 S.000 2.4673 12,069 11.963 541
c4 - c9
HYLROCARBONS 2:.236 11.842 14.518 17.808 19,884 17.744

CALCULATED HIGHER HEATING VALUE '
Btu/=al 77213, 77452, 79575, -3-2-3 A+ 87413, 339207,



CEUEE.CL

Catalust Number !

Latalwst Formul=ati

COHFONENT

HETHANDL
ETHANOL
N-FPROP DL
N-BUT OL
N-PENT 0L
N-HEX GL
ACET ALD
PROP ALD
BUT ALD
PENT aALD
HEX ALD
C4 HCW
£S5 H.C.
Cé H.C.
C7 H.C.
cg H.C.
€% H.C.

HETHANOL

C2 - Cé
AlL.COHOLS

OTHER L2 - C¢&
OXYBENATES

Ca - CVO
HYDROECARBONS

CaAl.CULATED HiGHER
Btu/d=l

Uci L-1i22

ohi

19

S1.698
3.9781
11.504
5.30%
5.144
3.614
117
b14
JFE7
1.219
+ 000
3,545
2,531
2.20%
3.277

2.726

1.134

160.000

Prarriatary

-109-

Table YI-4 {Continued)

RUM 213-—-7498

Iate !

CHEM SYSTEMS INC.

EaNoL _EUEL WY DISTRIBUTION

S/2%/81

W% (H,Q FREE)

51.498

29.932

2.909

15.442

HEATING VALUE

TEST 4

20 21 22
52,011 44,839 43,120
1,778 6,044 5,156
7,459 7,822 8,745
5,668 5,317 5,901
3,112 5,215 5,485
2,094 .408 4,207
201 (136 121
,529 655 , 585
3,954 1.774 2.508
1.764 000 000
+00C + 000 + OO0
2,382 4,704 4,041
2,053 2,030 2,904
2.354 3,002 2,153
3,790 5,851 7.242
5,241 5,948 3.030
1.406 2.234 2.581
100,000 100,000 100,000
$2,011 44,839 43.120
23.111 27,807 30,715
5,452 2.%64 . 3,214
19,427 24,789 2,951
95410, §8472, geges,

84419,

23 24
47,871 Sb.214
3244 £.271%
7449 7.185
5.673 4,177
6.932 3.599
4.304 X.774
+ 1585 (129
«030 508
1.620 1.7%3
+ 000 000
+ 000 000
2+427 - 3+1463
2.481 2.314
2.540 243435
5.205 3.408
2+287 2.864
3.241 2.4%3
100.000 100.000
47.871 Sb.214
29.5642 23.010
2.305 2.390
20.181 16,3287
7118, 827235,
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CHEM SYSTEMS INC.
Table YI-4 {Concluded)

CRUDE _ALKANDL _FEUEL_WI _DISTRIBUTION

RUN 2132-748

LCatalust Number § UCI 1L-1122 Iizte § S/29/81

Catalvst Formulation! Prorrietary WX (H20 FREE}
TEST &

COMPONENT 25 24

=====---=ﬂﬂﬂ--======-===============:======'.====::=======3=======================

METHANOL 41,123 42.611

ETHANDOL &.4B2 5,743

N-PROF OL 7547 B.020

N=BUT OL S+434 5.924

N=-PENT 0OL 5.097 6.722

N-HEX OL 7.327 d:444

ACET ALD «281 +000

FROF ALD S4B 554

EUT ALD 3103 2,644

PENT ALD Q00 2000

HEX AalLD L0000 000

€4 H.L. 3.704 3,493

TS H.C. 2.873 2+.644

Cé M.E, 3,299 3.032

C7 H.C., D+ 2468 4,443

8 H.C. 4,368 h.447

C? H.C. 3. 247 2.256

TOTAL 100,000 160,000

=‘======ﬂ=‘:===.“!:ﬂ:2ﬁ==::2:=========-=---ﬂ--5=-=========='—'========$.._..-__.-_'::25:2::::-‘::

METHANDOL ) 41,123 42,611

C2 - Cé

ALCOROLS 32.048 29,854

OTHER £2 - C4 iy

OXYBENATES 4,032 3.198

c4 - C%?

HYDROCARBGNS 22777 24,334

T EN N N N R I N A R e s s e e s e e e e e e R T e AR SRR AR TSRS SRS ST R AT RTEEFRSRNSE

CALCULATED HIGHER HEATING VALUE
Btu/dal BF93S, 89701.
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CHEM SYSTEMS INC.

Tabie VI-§

CRUDE _ALKANOL _EUEL_WT DISIRIBULION

- ——a—— e e e e e e s S e e S EEE

RUM 2Z213-~7A4B-R

Cetalust Number ¢ UCI L-1122 Date | 7/39/81
Catalwst Formulastion! Prorrietasry W% (H,0 FREE)}

TEST ¥ .
CDhPDNENT i 2 3 4 o é
HETHANOL S3.479 60,609 44,3274 43,4647 30.048 146.78%
ETHANGOL B.29% T 441 0,904 11.513 13,233 &,412
N-FPROP OL B.B892 2472 2,364 2.761 12,4461 6.7454
N-BUT OL 2.245 2.048 2,382 S.241 3.479 42,300
N=PENT OL 4,725 i.824 3.477 2,937 3,764 2.205
N-HEX OL 1657 2,352 2.015 3.1%1 2.290 4,313
aCET ALD 1284 +304 1.5&5 1.652 1.544 1.444
?RDP ALT ) v747 0803 1:146 1;210 11343 +681
EUT ALD ) VZ73 478 +803 P01 1,111 L8320
PENT ALD 000 +G00 1.46%9% 000 000 2.098
HEX alLll Q00 + 922 i.580 1,281 1.473 1,566
C4 H.C. 4,858 5.484 45.989 7,258 B.427 3.543
CS H.C. 2.474 2,487 34054 4,033 4,799 _ 2.481
Cé H.LC. 2,217 1.785 2.718 2+.870 3.500 2:8%&
L7 H.C. 6,608 1.84% 3.:554 2.711 3.789 2.036
ce H.C. 490 1,314 1.57¢ 1,464 1.92¢0 1,428
C? H.C., 000 BP0 1.264 2+136 1.617 i.403
TOTAL 100,000 100.000 190,000 100.000 100.000 100,000
HNETHANODOL 53.67? 60,6539 44,378 43,649 35.048 156.789
2 - Cé
ALCOHOLS 27.81° 23,13% 29.122 30,643 35.22¢9 61.9%4
OTHER C2 - Cé& :
BXYBENATES 1.804 2.527 6. 843 5.014 S.471 743290
rca - €9
HYDROCARBONG 14,697 13,475 12.45% 2C. 674 24,091 13.786

CALCULATED HIGHER HEATINE VALUE
Btu/sal 82404, 79154, 85457, 8T908. 89015, eFTE2.

Continued. ..
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CHEM SYSTEMS INC.
Table ¥I-5 {Goncluded)

I e v i T TR S e e O AR e D e B e e e e e — N — -

Cetalyst Number § UCT L-1122 late ¢ 7/29/81

Catalust Formulation! Frorrietary Wt (H.,0 FREED
' TEST #

COMPONENT 7 B ? 1¢

================:=$==:=:================E--ﬂ--==ﬂ=======:‘-’.‘======“_":‘_’:T‘-.:=ﬁ=:======

HETHANDL 264769 32.470 33.937 34,339

ETHANOL ?2.847 15.437 15,332 14,825

M-FROF DL 10,407 ?.801 10.374 10.200

N-BUT UL L.bb1 J3.47% - 3:493 3;800

N-PENT OL 5.790 3.128 3,137 2,492

N-HEX DL 4,475 3.07% 1 364 3,793

ACET ALD -1.304 1,953 1.961 1,792

PROP ALT +828 1.339 1.344 1,335

BUT ALD 1,107 1.278 1,155 1.020

FENT aLD 4.532 2.1328 2,912 2+437

HEX ALD 4.062 2,131 2,495 «531

€4 H.C. 5.858 g.239 7.450 B.114

£3 H.C. 4,110 4,730 J+0035 4,972

Ca& H.LC. 3.?65 3.?70 3.832 4,112

€7 H.C, 4,830 2.841 24475 2.010

cs H.C. 3+004 24227 2.032 1.413

c? H.C. 2.248B 1.344 2.281 1.813

TOG¥AL 100,000 190,000 100,000 100.,0G0

METHANOL 26.749 32.670 33.937 34.339

L2 - Cé

Al COHOLS 37.384 38,121 32,900 39.111%

OTHER C2 ~ Cé

DXYGENATES i1.832 8.839 ?2.887 7.118

cCa - C? :

HYDROCARBONS 24,013 23,370 23,295 23,435

FE et et i E P R R PR R R R R TR R e e e

CALCULATED HIBHER HEATING VALHE
Btursdal 4304, B7602, - 88980, 82022,
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CHEM SYSTEMS INC.

TABLE VI-6

CARBON MONOX IDE CONVERSION FOR UCT L-1122
CATALYST DURING TEST CAMPALGNS IN THE BERTY REACTOR

% CO

Ratio of é (1)
Run Syn Gas Content Hours VHSY, Volume ¥ CO
213-74- H.,/ CO of Syn Gas On-Stream S1/Hr/Kg Cat. Conyersipn
} 2 10.8 23 3170 9.5
Z 2 10.8 25 3170 9.7
3 2 10.8 117 2860 13.0
4 2 5 120 2970 14.4
5 2 5 121 2970 . 14.8
6 e 5 140 2060 16.4
7 2 5 142 3040 14.5
8 4 5 145 3040 14.4
9 2 1.5 166 2040 21.8
10 2 1.5 168 2880 18.6
11 2 10.8 189 1960 22.2
12 2 10.8 161 2840 19.2
13 2 10.8 193 3890 16.4
14 2 10.8 197 2870 15.4
15 2 10.8 217 2840 i5.9
16 0.56 5.3 222 2720 8.7
17 0.56 5.3 223 1970 9.3
18 2 0.8 240 2900 19.1
19 1.35 6.0 243 2860 16.1
20 i.35 6.0 244 4680 12.8
21 2 5.0 246 2760 19.9
22 2 5.0 264 3140 . 20.2
23 2 0 267 3280 17.6
24 z 0 268 5050 14.1
25 2 10.8 289 4780 14.5
26 2 1.5 291 2990 24.3
Run 213-74R-
| 2 10.8 297 2900 11.3
2 2 10.8 298 26060 10.5
3 2 10.8 319 2900 13.9
4 2 10.8 321 2920 12.9
5 2 10.8 344 2220 19.2
b 2 10.8 468 3320 16.8
7 Z 10.8 497 2950 19.6
8 2 10.8 541 2900 16.5
9 2 10.8 566 3090 15.2
10 2 10.8 590 2920 15.8

(1) COp-free basis; calculated from carbon cencentration of synthesis products

Nominal Reaction Temperature; 3550C; Nominal Reaction Pressure: 1500 psigs
Agitator Speed: 1200 rpm, :



