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where XICO = Corrected carbon monoxide conversion to ALKANOL
and light hydrocarbons;
Yeo = Total carbon monoxide conversion as determined

from the Carle gas chromatographic analysis;

yto/coz = g¢arbon monoxide conversion to carbon dioxide as
determined from the Carle instrument.

a. Analysts of 292-Hour Campaign With Freshly
Reduced Catalyst

During the 292-hour test, the performance of the catalyst was monitored in
terms of activity as measured by both carbon monoxide conversion per pass
and oxygenates.space time yields and in terms of product selectivity (gas
to ALKANOLS ratios as well as ALKANDLS composition). The Schulz-Flory
distribution was alsg applied to the analysis of the data.

Some changes to the reaction conditions were made during the course of the
test which may have affected the observed performance of the catalyst.
These changes comprised varying the conlpoéition of the synthesis gas fed
to the reactor. Although the bulk of the testing was with gas composition
#1 shown in Table VI-7, some additional testing was carried out with
synthesis gases having differing hydrogen/carbon ‘monoxide raties, carbon
dioxide contents &and balance ratios*.

*The balance ratio represents the stoichiometric synthesis gas requirement
for total conversion of synthesis gas to alcohol product based on the
equations:

nC0 + 2pHy ———s= CnHop+1 OH + (n-1) H20
and nCOz + 3nHp ——= CnHpp+10H + (2n-1) H20

It can be shown that the balance ratioc, Hs/(CO + 1.5 C0p), should be
2.0 for 100% selectivity to alcohol products. Coproduction of
hydrocarbons requires a higher balance ratio to reflect the stoichiometry
of the hydrocarbon formation reactions. For paraffins, the balance ratio
of Hs/(CO + 1.17 C02) should be 3.0. The balance ratio is used to
characterize the "balance®™ of the reactants relative to stoichiometric
requirements.  Operation at the balance point will correspond to
essentially total conversion of CO and COp to the respective products
whereas operation at low balance ratios will Timit the degree of carbon
oxides conversion. In practice, the actual balance ratios are about 5%
higher in order to account for purge of inerts.
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TABLE VI-7

SYNTHESIS GAS COMPOSITIONS STUDIED
DURING FIRST 202~HOUR TEST CAMPAIGN WITH UCI L-112¢
CATALYST IN THE BERTY REACTOR

i 2 3 4 5 b
Yolume Percent
Hydrogen 50.4 57.0  58.0 32.3 46.0 67.0
Argon 4.2 10.0 11.% 4.8 14.0 0
Carbon Monoxide 24,5 28.0 29.0 57.6 34.0 33.0
Carbon Dioxide 10.8 5.0 1.5 5.3 6.0 0
Molar Ratio of HZ/CO 2.0 2.0 2.0 0.56 1.35 2.0

Stoichiometric Balance Ratio,
[HZI(CD + 1.5’602] 1.24 1.61 1.86 0.4%  1.07 2.03
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o Effect of Catalysi Aging

Over the 292 hour test period, the carbon monoxide conversion to ALKANOLS
and hydrocarbon gas products was increasing with time as itlustrated in
Figure VI-1 at constant reactor temperature, pressure and space velocity.
The carbon monoxide conversion at the 292-hour point'was about 24 percent
per pass or about 2.6 times that of an early test point taken at about 25
hours on-stream time. The cata]}st productivity, as measured by space
time yield to ALKANOLS, alse increased with on-stream time (Figure VI-2)
by a factor of about 1.5-2.0.

A catalyst activity increase with on-stream time is not a common
phenomenon during synthesis gas conversion processes. In fact, a more
common phenomenon is deactivation due to carbon deposition, sintering,
etc. However, the ALKANOLS synthesis is extremely complex involving the
production of a large spectrﬁm of hydrogenated and oxygenated products.
. During the test, it was also observed that the conversion of carbon
monoxide to certain products was decreasing with time {e.g., methanol)
whereas the conversion te other products {e.g., CE"CB oxygenates) was
increasing with time, The net result was that the rate of increase in the
conversion to C2+ components of ALKANOLS exceeded the rate of decrease
in the conversion ta methanol (Figure VI-3).

This phenomenon is more clearly depicted in a series of graphs showing the
change in ALKANOL product composition with on-stream time for all of the
test points obtained under varying conditions of space velocity and
synthesis gas composition. The relevant graphs are described as follows:

Figure No. (VI- } Title

4 Me thanol Content of ALKANOLS Vs. On-Stream
Time For UCT L-1122 Catalyst

5 5-Cg Oxygenates Content of ALKANOLS
Vs. On-Stream Time For UCI L- ]122 Catalyst

6 C4-Cg Hydrocarbon Content of ALKANOLS
V¥s. On-Stream Time For UCI L-1122 Catalyst
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From the figures, it can be seen that the methanol content decreased
almost Tinearly over the 292-hour test period to a value of about 42
weight percent from its early value at 20 hours on-stream time of about 92
weight percent, This 50 percent decrease in methanol content corresponded
to an almost equivalent increase 1in the Cz+ content of the ALKANOL
mixture with the C,-Cc  oxygenates/Cy-Cq hydrocarbons  ratio of
about 6/5. This suggests that a polymerization mechanism wight haye been
controlling during the catatyst compositional changes occurring over the
292-hour test duyration. A typical modified Schulz-Flory distribution plet
for L-1122 catalyst tested in the Berty reactar is shown in Figure VI-/.
when these data were analyzed by use of the modified Schulz-Flory
distribution relationship, it was determined that the degree of
polymerization was increasing with on-stream time. This finding has been
plotted in Figure Vi-8 which shows the modified Schulz-Fliory probability
parameter increasing linearly with an-stream time from about 0.2 to 0.6
over the first 250 hours on-stream time and then lining out at a value of
0.6. The value of the modified Schulz-Flory probability parameter just
after the catalyst s placed on-stream should be indicative of the
characteristics of the freshly reduced and unaged L-1122 catalyst. A
linear extrapolation of the data in Figure VI-8 to zero cn-stream time
suggests that the initial modified Schulz-Flory probability parameter for
this cata1yst'was 0.20. A value of 0.20 indicates that no more than about
3 percent of the synthesis products will have a carbon number in excess of
three. This compares to a maximum of about 48 percent concentration for
synthesis products having carbon numbers in excess of three for the case
of a modified Schulz-Flory probability of 0.60 {observed at 292 hours
on-stream time). For comparison purposes, a typical Fischer-Tropsch
catalyst has a Schulz-Flory probability parameter of 0.80 which indicates
that the concentration of synthesis products having carbon numbers in
excess of three is about 82 percent. Again, it should be noted that the
modified Schulz-Flory distribution equation utilized to analyze ALKANOLS
synthesis products does not make any distinction between the class of
tompound, j.e., alcohol, paraffin or olefin, for'any given carbon number.
However, for the bulk of the test data, the alcohol products predominated
in the CI to EG range as can be seen from a typical product
distribution plot (Figure VI-9).
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FIGURE_VI-9
TYPICAL ALKANOLS SYNTHESIS PRODUCT DISTRIBUTION
FOR UCI L~1122 CATALYST
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e [Effect of Synthesis Gas Composition

Although the product selectivities and ALKANOL compositions appeared to be
stronger function of catalyst age and not operating conditions, the per
pass carbon monoxide conversions were greatly influenced by synthesis gas
compositions. At a fixed reactor severity and over the range of about
120-250 hours on-stream time, it appeared that hydrogen/carbon monoxide
ratio had a significant effect on the value of carbon monoxide conversion
(Figure VI-10}. A cross-plot of hydrogen/carbon monoxide ratio vs. carbon
monoxide conversion level (Figure VI-11) shows the almost Tinear effect
(lower curve) of . hydrogen/carbon monoxide ratic on carbon monoxide
conversion over the range of 0.5/1 to 2/1 ratios of the synthesis gas
feeds. The upper curve on the figure shows' the total carbon monoxide
conversion which reflects the additional conversion of carbon menoxide to
carbon dioxide via the water-gas shift reaction. At the Hhigher
hydrogen/carbon monoxide ratios studied it can be seen that the carbon
monoxide conversion via water-gas shift is not increasing with
hydrugen/carbon monoxide ratio as rapidly as via alcohol (and hydrocarbon)
formation.

Although the explicit role of carbon dioxide in the ALKANOLS synthesis
reactions is not well understood, there appears to be a significant effect
of carbon dioxide content of the synthesis feed gas on the per pass carbon
monoxide conversions to alcohol and hydrocarbon products. Figure VI-12
indicates that for 2/1 hydrogen/carbon monoxide synthesis gases processed
in the Berty backmixed reactor, there appears te be an optimal carbon
dioxide content of the synthesis gas with respect to maximizing the carbon
monoxide conversion to alcohol and hydrocarbon products. A recent notable
paper (51) has concluded that for low pressure, fu/In0 type methancl
synthesis catalysis, carbon dioxide Tevels of about 1-3 percent were
required to maintain the optimal catalyst oxidation states on the catalyst
surface. High carbon dioxide cencentrations in the synthesis gas
apparently lead to Tloss in active sites due to extensive adsorption of
carbon dioxide on the catalyst surface., The data on Figure VI-12 suggest
that the poisoning effect due to carbon dioxide adsorption may also be
characteristic to the L-1122 ALKANOLS synthesis catalyst.
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# FEffect of Space Yelocity

The effect of space velocity on catalyst activity was difficult to
quantify due to the effect of on-stream time (i.e., catalyst aging) on the
performance of the catalyst. For the data correlated in Figure VI-13,
increased space velocity was manifested as a decrease in carbon monoxide
(carbon dioxide-free basis) conversion. Thus, doubling the space velocity
from 2000 to 4000 SL/hr/kgm resulted in a 30 percent (relative) reduction
in activity as measured by carbon monoxide conversion to alcohels and
hydrocarbons. When activity was expressed as total carbon monoxide
conversion including that controllied by the water-gas shift reaction,
there appeared to be a poorer correlation between space velocity and
activity. However, it is believed that this is a result of analytical
inaccuracies related to the problems associated with the Carle gas
chromatograph during this particular run.

b. Analysis of 298-Hour Campaign With Re-Reduced Catalyst

The 1-1122 catalyst recovered after 292-hours on-stream tLime was
inadvertently exposed to air during the sampling process. However, the
_balance of the catalyst was recharged to the Berty reactor and re-reduced
according to the same procedure used for reducing the calcined sample.
The initial data obtained after only a few hours on-stiream time (see Table
VI-3) indgicated Tlower carbon monoxide conversion, Tlower ALKANOL
selectivity and higher methanol content of ALKANOLS than those observed at
the end of the first 292-hour campaign. With increasing vn-stream time,
however, it appeared that the catalyst was undergoing a continuing change
in composition as manifested by the observed activity and product
selectivity, Figure Vi-14 shows the effect of catalyst aging as measured
by cumulative on-stream time (first campaign as well as secend campaign)
on carbon monoxide conversion. The initial data point indicated a carben
monoxide conversion of about 11 percent {carbon dioxide-free basis) as
compared to 19 percent at the end of the first test campaign. After the
additional 298 hours on-stream time in campaign #2, the carbon monoxide
conversion level zppeared to 1ine out at a value of about 16 perceni
{carbon dioxide-free basis). '
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Tne total ALKANOLS selectivity for campaign #7 remainea eséential]y
constant over the 298-hour period at a value of about 72 weight percent
with the remaining 28 percent attributable to Tight  (Cy-Cj)
hydrocarbon gas formation. This value is somewhat lower than that of the
ALKANOLS selectivity (85-90 percent) observed during the imitial 292-hour
campaign as shown in Figure VI-15. It appears tht the exposure of the
catalyst recovered at the end of the first 292-hour campaign to air may
have irreversibly altered the catalyst composition in the direction of

increasing light hydrocarbon gas formation.

The composition of the ALKANOLS mixture with cumulative on-stream time is
shown in Figure VI-16. The plotted points represent the data for campaign
42 whereas the dotted lines represent the smoothed data (of Figures
Vi-4,5,6) for the first 29Z-hour campaign. Placing the re-reduced
catalyst on synthesis gas service resulted in a significantly higher (62%)
methano] content of the crude ALKANOLS mixture as comparea to that (40%)
at the end of the first campaign. However, on Tonger exposure time fTo
synthesis gas, the methanol content decreased to a vaiue of about 28
percent before lining out at about 34 percent at the end of the second
298-hour test campaign.

The _84-09 hydrocarbon content Tleveled off for most of the second
campaign at a value of about 24 percent while the C,-(, oxygenates
content leveled off at a value of about 42 percent. This ALKANOL
composition together with the C]-C3 hydracarbon gas yield observed at
the conclusion of the second test campaign is indicative of a modified
Schulz-Flory distribution having a probability parameter of about 0.5 to
0.6. Thus, the increase in modified Schulz-Flory probability from an
early value of 0,2 appears to have leveled of f at the 0.5-0.6 value at the
end of the 590 hours cumulative on-steam time (Figure VI-17). The
resultant Schulz-Flory product distribution at the observed value of 0.5
for the modified Schulz-Flory probability parameter is shown in Figure
Vi-18. The calculated higher heating value of this crude ALKANOL mixture
is 89,000 Btu/gal, which is eguivalent to about 70 percent of that of
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conventional gasoline. For comparison purposes, methyl fuel has a higher
heating value (HHV) of about 50 percent of that of conventional gasoline.
Thus, all other conditions constant, this ALKANOL fuel mixture will have a
theoretical volumetric energy efficiency in an internal combustion engine
40 percent higher than that of wethyl fuel.

A sample of UCI L1122 catalyst taken after the initial 292-hour testing
period was found to contain 5.0 percent carbon and 0.3 percent hydrogem,
Three liquid product samples were taken during this perjod and analyzed
for acid (as acetic acid) and aluehyde (as acetaldehyges) content. The
results of these analyses are shown below:

Hours Qn-Stream Wt% Acids’ Wi% Aldehydes
0-145 0.12 0.13
145-194 - ' 0.28 0.12
194-292 C0.37 0.1

2. UCI L-1123 Catalyst (Run #233-66?)

28.8 gms (25 cc) of UCI L-1123 calcined catalyst pellets were charged to
the plug-flow reactor in a 2:1 volumetric dilution ratio with inert
alumina beads ({Rhodia SCS-9). The catalyst was activated by reduction
with a 2 percent hydrogen/98 percent nitrogen gas at 1 atmosphere pressure
and feed rate of 800-900 S1/hr/kg catalyst. Reduction temperature was
gradually increased from an initial temperature of ZUOUC. to a final
temperature of 350°C over a 24-hcur period. During the reduction, the
uptake of hydrogen was monitored by gas chromatographic analysis, and the
reduction was considered complete when the observed concentration of
hydrogen in the effluent stream reached 2 percent. At this time, the feed
gas was switched to high purity hydrogen for 3 hours, then purged with
nitrogen before introducing synthesis gas.

A total of 183 hours of on-stream time were logged during this test,
Three synthesis gas compositions were tested: 2/1 hydrogen/carbon
monoxide with 10.8 percent carbon dioxide; 2/1 hydrogen/carbon monoxide
with 5 percent carbon dioxide, and 1.35/1 hydrogen/carbon monoxide with 6
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percent carbon dioxide. The sysiem pressure was held at 1510 psig, and
the temperature held at 354°C for the first 175 hours on-stream, at
which time it was increased to 374%C. Table VI-8 summarizes the run
conditions and results for the 17 material balance tests made with L-1123
catalyst. Table VI-9 shows the crude ALKANGL fuel distributions for each
aof the material balance tests made.

Figure VI-19 shows the apparent effect of cataiyst on-stream time on
activity as measured by per pass carbon monoxide conversion (carbon
dioxide-free basis). Over the 183-hour test duration, catalyst
deactivation was observed. The rate of conversion of synthesis gas to
ALKANOLS as well as to Tight hydrocarbon gases was decreaéing. There was
a discernible effect of carbon dioxide content of the synthesis gas on the
relative activities as depicted in the figure. At about /5 hours
on-stream time, increasing the carbon dioxide content of the synthesis gas
from 5 percest to about 10.8 percent resulted in a decreased activity
equivalent to about 4 carbon monoxide percentage conversion points. This
represents a relative decrease of about 20 percent, which is almost
eguivalent to the similar effect of increasing the space velocity from
2000 to 3000 St/hr/kg. |

Over the bulk of the test, the ALKANOLS and Jight hydrbcarbon gas
selectivities remained essentially constant as seen in Figure VI-Z0.
Also, the ALKANOLS composifion showed essentially the same trend (Figure
vI-21). Just after the tests to evaluate the effect of operating at
375°C reaction temperature, a precipitous arop in the selectivities to
ALKANOLS, and to the methanol component in particular, was ohserved.
ALKANOLS selectivities decreased from about B percent to. about 60 percent
af ter returning to the 353°C reaction temperature level from the highér
temperature evaluation tests. A corresponding increase in the C,-Cq
hydrocarbon gas selectivity was noied. The 02-65 oxygenates and the

C4—Cg hydrocarbons selectivities increased to match the cecline in the
methanol selectivity.
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Jable VI-8 .
SRSy FOR FuUk #2155
Toogy's CATE 3 Brslesgl

CATALYET HIMEER @ UCI L-1123
AaTOMIT FORMULD =
FREP. METHOD :bUCI PREF )
SURFRCE aREATLY ¢ & - mEoam
CBLLE BEHSITYELY 0 101G ame
TEET MUMBER 1 z I 4 L= £
TEST COMODITIONS
FEED H2-CO Ratic .1 2011 2. 13 T 1E 214 2,14
FEED 02 4,94 4, 9% 15, 94 18, 34 18, 9 18, 58
gYE,  TEMP. ."C e 8 IS4. e 3LE. 8 AT 5| IEE. @ Zhald
HOT BROT. "C L 54, 9 ICE. @ B A JEC. @ Thg, @
PRESSURE, #=ig ioeT, ¢ 1886, 6 iSiA.e 1518, 8 151B.A  1G&E. R
HZY, 17/hroksm cat. 21777 OFI9E. 0 ECY.A IMELL S DOZS, 0 IB43.4
HOURS nn STREANM 33 .8 TI. @ TE.E 7. B g8, 3
COHVERSION 3
C0 to Prods. » wold 26, 92 et 2 14, 82 11,1 16, 18 . B
£ 4o C02. welX .= Ba B3 1. 483 @28 815 A, S8
G2, oam melsheskam cate 7. 25 Te 23 I, 43 &l 3. 24 L
ST of Cxudenataste? : :

am malshrskam cat. 4, 52 . RE 2,57 Y] 18 .28
STOICHION, H2/Ch conusertead 1. 68 1,62 1. oe 1. 87 1.9% .21
CHPEOM SELECTIVITY <Hormalizad Mol % on COZ-fres Basiz) f
CH30H ED. 1E Et. T3 GLLOL o, 41 E7.52 ET. 57
C2-Co ALCOHOLS 13, 48 149, 45 10, 26 Q. 1% 7. B 5, 45
Ca-Te all. &ESTERS 2. 81 2.7 - o Z.ETP 1. &8 IEd
CHe 15, &8 10,8 14, 39 13, 1% 13. 1& 17, 8%
CE-07 HYDROCARBOHS 18, 2 QA E 22T .23 2,42 2,042
Ca+ HYDROCARBONS FeB7 6.6 7. el B A7 11.31 T, 47
APFROGCH TOCED
WES Eauilibrium, "0 ¢ =23  -47.2 -BRLS
CORBOM ACCOUMTREBILITY.X 435 119X 111, 2 1849, 9 111.4 114, B
O¥yREN FEJECTION RATIC. (B3 G 63 &, 3% @ Az
‘1% Fresh, non—reduced catalywst.
foy Spaca Time Field (5TYY = UHSY-Z204 % HOD in feedcoif@ ¥ MO oo SLEHR O ® NSel.

£Zy Gefined as T =
nifrera 7 & =
T hs =

L4
LR

Dafinsgd asz Card
Bafined az rati

T ex - T hs
watser aas shift equilibriom teme caleculated fTor resxctor e77,
cotmpazlbion.

hat =rot femrerature.
wn obzerved in Froduchs

Feed Carbon convertead.
o of oxygaen Ferdued 4% L3 a

L refmoved as 022

Continued...

Reproduced from
_ bost available copy.
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Table VI-8 {Continued)

Sty FOar RO 2 21 EE—s5F

——— e e . ==

TODGY ™S DRTE ¢ 87 -1é-81

CATRLYZT MUMEER @ UCT L-11323
MTOMIC FORMULA :
BRER. METHOD ¢ UCI PREF

SURFACE pRERCLY ¢ @ A A
BULK DEHSITY1® & 1,15 am o
TEST MUMBER 7 8 9 iy 11 - 1z

TEST COMHDITIONS @

CEED HZACO Ratic 2,13 P s 215 2, 1% Z. i3 1. 4%
cEER COF 14, 26 . B4 - 18, 94 .23 11,83 e IV
guE, TEMP, .*'C 356.@ TEe, 0 IELE TRILE Tz @8 AT )
HOT SFOT. '0 €. O e, 4 ?5” B I8 IEA ot
CRESSURE, Fsid iETE & ISEE.B !SB-.- 1CRS, 8 1S5RS, 8 1E8E.6
UHSL, 1-4heskam cad, TeEd. B FITE.E IR @ Tidds, 1 IDRSAE 13V4.4
LRSS on STEEAR 121. 4 2.7 144,58 147.3 1?3,5 i73.E
COHVERZION
0 oto Prode, o owzlX ' 2,27 11, A&t 9, e 1. 12 13, &6 2. 55
o to 02 welX A, 94 211 -d. 14 2ES 1.8% T. B85
Cla am molsoheskam cat, .48 LN £ Eoid 4. 87 = 17 .27
STY of [wresenates i

A molshreokam cat, e BE I3 I - T 41 2. 28 2. 48
STOICHION, HZADD corverted 1.89% 1.78 Z. 66 1.73 1. 87 1. 66

CHEEOM SELECTINMITY (Mormalized Mol X

a]
=]

COZ=-free Bazis? !

THIOM £5, 61 &1.%% &R ST %, 93  EBEES  GS.61
C2-Ca aLOOHDLE 7. 48 9,38 F.E3 ii.®7 1@.@1 11,12
r2-C& pLh, $ESTERS 1. E2 I35 i.5& Z.7E . A T 47
TR {5, 41 11,32 1Z.74 il 14 1,.4c 11. 23
C2-C% HYDROCHREOMS 14, 14 7. 31 2, a9 7. 61 4, ZE 213
Cd+ HYDROICARBONE i £.17 . BE £. &5 8, 98 7. 44
aPFRNECH TOUEY

WES Eauilibriums °C 3 -2E. 9 =ER s ~ER,% 4.4 =Th.6

CRREOM ACCOMTABILITY.% (433 11L&  194,2 1B, 2 1863 1247 155.@
OWYEEM FEJECTION RATIC, (B¥1  €.82 .83  6.8T R8I 662

13 Freshs non—-reducad caizivst.
€23 Bracs FTime Wield €3TYy = UWHIV-22,4 % %00 in Feed 188 % 200 copu, <168 & MZei,
tee Qewawnates o100,
L3 DPefined a2 T =T &a - T hs
where T &1 = water 33z chift sauilibrium tame calcoulated for reactor effl
comEosl Lion. :
T S8 = hot srol temperature.
cdr Defimed as Carbon oboerwved ipn Froducts  to Feed Carben comeried,
C5y Defined a3z ratic of oxwesn remowved as walsr. to that remowved as COZ,
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SUMHERY FORE RO #2115 —se

e === = == = mITmTIEIT

TOoEY'S DATE ¢ @F-s16.91

CATALYST HUMEER @ UCE L-11Z23
ATOMIC FORMULE =
PREP, HMETHAOD : UCT FREF

SURFACE pRESSL? ¢ @ e S0
BLLE DEHSITY LY @ 1. 1S s o
TEST MUMEER 13 14 15 16 17

TEST COMDITIONS 3

FEED HE-CO Ratic .25 2,13 21T 2. 14 2. 14
FEED CO2 18,87 18,58 13,90 16, %3 1@, 8T
E, TENP. %5 L1, B 34,3 IF4. @ TP TSI G
MOT SPOT. *C TT1.0 Ird4.B@ ET4. B ICE B IET.G
PREZSURE. pPsia iCiT. 6 (E1E. @ 15188 1SiE 8 15186
WHEL, 1ohrokam cate 2BEI. 1 295E. & POVS.E LEIE.Z 192486
HOLRS on STREAN {7E.5 181.@ 17A.G 191, 8 18I, 3
COMVERSTOM ¢
o to Prodz. » wolX 2, 53 8. 72 259 18,32 18,28
o to CO2. wolk 1, 9% o, TH ZLEES 2, G 1. 26
CO. oam solo e kam cgi. A I EL 2. 47 2. TE 2. BB
STV of OwugenatestZr

am molohrckam cat. L BE Z, BE 1. 24 1.22 G, 98
ZTOILHINM, H2/CO comweried 1. 63 1.73 151 186 1.77
CERECOM SELECTIVITY (Hormalized Mol % on DD8-free Basis) &
CHIOH g5, 66 42,42 2% 23 To 63 25 o0
Dr=Df ALTOHOLS 17,11 1. 98 o, B3 15, £8 11.62
CoeCs Bl SESTERS I 2d %, 78 O 5. 54 2. 25
CH4 11,87 13,15 2. 94 7.0 29,49
O3 HYDRODARECHS 7.563  i1,41 2ALGT 18,31 18,92
Cd+ HYUROCERBEONS T.d4 0 12,83 18.7F 11,87 11,35
EEFROGCE TOM32
WES Eauilibrium: " ¢ A, o BB =7i. 1 -3, 6 21
CEREOM ACCOUMTRBILITY.X 43 1224 13,9 12800 @ 1829 225
Sy EEH PE1EPTIuH RETIO, CE0: &, @43 &, 64 8. BE

£1% Freszh. non-reduced catalwst.

£9% Cpaee Time Yield (STvsy = WHEW-ZZ 4 * MO0 din rfeed 188 % 00 conwe, <100 % X2s1,
o hewasnatess 186,

£3y Daefined as T =T e — T hs
whare T st = watszr sas shifi =2auilibrium teme caloulated for reactor =ff.

comeosl bl
T hg = hot serobt tamperaturs
Cat Defined as Carbon obsaeryed in Froducts  to Feaed Carbon convarted.
fEY Defined z: raxtio of oxvaen ramowoed 32 txtewr. dm that remmoed as T
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: _Tab]e VIi-8
CRUDE _ALKANOL _EUEL_YI_DBISIRIBUTION
RUN 213—&6
Catslust Number | UCI L-1123 Date ! 4/24/81
Catelust Formulation! Froeprietary . wtx tHED FREE)
. TEST %
COMPONENT 3 -2 3 4 5 &
::::::2::2:====:::::=============IBBBSSHRSIIIIHIIHIIISSIB-Iﬂ==================‘:==
HETHANGCL 79,250 7%.118 83,219 84,738 83,879 83.582
ETHANDL 3.371 3.343 3.154 2,717 Z.4657 2.871
N-PROP OL 4,397 4.538 3.308 2.802 2,488 2.613
N-BUT OL 4,474 §.270 3.088 2,443 2.192 1.934
N-PENT OL « 000 +277 3] «121 +000 258
H-HEX Ot + 561 +385 +304 L 000 000 296
ACET ALD 000D 000 +000 N T » 000 000
FROP ALD 815 +183 218 797 “773 +B42
BUT ALD +923 + 481 © .805 +396 +320 +314
PENT &LD 210 + 650 +513 + 945 +000 874
HEX ALD ) 1550 0?56 0447 0687 02?6 043ﬁ
£4 HaC. i.948 1.545 1.815 1,753 1.804 1.853
£S5 M.C. 1.011 + 70D 597 1.088 1.172 1,443
Cé Hols 1,103 721 641 +A72 1.274 1,373
£7 H»C. V794 1,071 T LB20 ' 687 1,185 1.162
£8 H.C.. +279 +072 +425 +157 1,013 +331
C% HaL. «313 o141 +286 2000 +948 +000
TGTAL 100.000 100.000 100,000  100.000 100.000 100.000
IB---==============:;=5=======32=========U:Eﬂﬂ:lu-H--I--ﬂlt====="_"====='—'=========
NETHANGL 79,250 79,118 B83.219 84.738 83.87% E3.562
£2 - L& :
alLCOHOLS 12.804 1X.834 10,1164 8.282 7.334 7.770Q
OTHER C2 - Cé&
OXYGENATES Z2.498 2.270 1.981 2,824 1.389 2,445
c4 ~ £9
HYDROCARBONS 5.448 4,778 . A.4B4 4,158 7.3965 4,182
..-_=======ﬁ=:=:2:=============------¢8=======================2========Hi-----ﬂﬂﬂﬂkﬂ
CALCULATED HIGHER HEATING VALUE
Btusdal 71904, 71983. 70422, 4971%. 70730, 70558,

Continued...
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Table VI-2 {Continued)
CEUDE_ ALKANOL _FUEL_WI _DISTRIBUTION
RUN_213_66
£atelust Number ! UCI L~-1123 Date § 4/24/B1
Catalust Formuylstionl! Prorrietary : WtX (H,0 FREE)
TEST %
COMPONENT 7 8 e 106 i1 12
==="—-"“.’.‘==========-Eﬂ'========‘—':23$==='—'==========NHIIEII--=H=======2========$=======ﬂ= ’
METHANOL 86.924 85,042 B7.274 93.414 g1.784 82.429
ETHANOL Z.,829 2.671 2.872 2.88¢9 3.053 3,092
N-PROF OL ' 2,645 3,138 2.9463 3716 3.124 3,124
N-BUT OL 1.517 2.579 1.459 2.582 - 2,418 3,109
N-PENT OL + 150 204 » 149 + 307 270 + 148
N-HEX OL LG00 000 + 000 801 - +417 + 343
ACET ALD +000 + 000 000 + 000 + Q00 «00Q0
PROP ALD + 751 1674 858 &5B +748 1 F14
BUT ALD +245 « 418 +237 + 440 582 2724
FENT ALD « 000 299 « 000 + 600 878 2 7R2R
HEX ALD +17% Y 1.3 154 2436 +911 420
C4 HiC., 2.27%9 . 1.54¢9 2:192 1.476 2:369 1.749
CS5 H.C. «B41 «3HS 828 4528 + 954 »7B&
Ca& H't:l a441 + 499 0565 +S528 }878 0650
C? H'uC- r513 1.045 n657 10134 1;123 '924
c8 H.C. L1959 +132 +187 0199 349 3192
C? H.LC. 219 000 000 000 +261 f215
TOTaL 1060.000 100.006 100,000 105.000 100,000 100,000
=====B--.============W=========l=Hl---I-=====I========"—-"-‘==$=======HH-==H=======-==£:
- METHANDL 86.924 85,042 87.274 B3.,414 ‘81,784 82.429
c2 -~ Cé& - :
ALCOMOLS 7:142 8,591 7,038 10.2%4 v.282 2.868
OTHER C2 ~ L& :
OXYBENATES 1.408 2.953 1.25%9 2.134 2,998 2.785
cq4 - (9
HYDROCARBONS 4,507 3.812 4,429 4,156 5.937 4,717
=‘========="—'::====’=============‘================'-==========-ﬂ-=======:::::::22:2::

CALCULATED MIBHER HEATING VALUE
Btusdgal &878B3. aFu74. s4E444, 702469, 71112, 70559,
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CHEM SYSTEMS INC.
Table VI-2 (Concluded)

CEY

=}

£.ALKANOL _FUEL _WT _DISTRIBUTION

]
I
|
i
I
I
i
i
It
It
H
1
i
!
I
[
[
i

RUN 213—4&

Cataivst Number ; UCI L-1123 Date ! 4/24/81

Catalust Formulation! Proeriestaru WEX (HEO FREEY
TEST ¢
COMNPONENT 13 14 15 ié 17
========nn-a-------n-:n&:::::z:=:=============nz-n=============================u
METHANOL 81.9246 74,467 564,457 55.400 64,352
ETHANOL 3.703 4,144 5.908 5.920 8,10%
N-PROP OL 4,025 4,345 5.0567 5.148 5,384
N-BUT OL 2,582 3.0%4 5.092 3.922 5,458
N-PENT OL +472 1142 000 L322 L 000
N-HEX UL ! .000 1323 .000 .000 0000
ACET. aLD + 295 354 © +550 555 439
PROF ALD i.323 JBE7 1.088 VT2 771
BUT ALD +AB83 . 927 2,252 1,635 1.434
PENT- ALD «115 1.246 538 1.085% D00
HEX ALB +403 Yy L3113 <505 46T
Ca H.C. 1.790 2.4614 7.075 4,830 &.343
¢S H.C. 06% +927 2,928 2,382 2,872
Cé& H+C, 492 2.353 1.883 1.302 1.715
C7 Halw J&71 1,931 1.251 1.514 2997
8 H:C. ' 304 +367 £ 000 +575 +379
€% H.C. 344 1.648 +400 1,292 +851
TOTAL . 100.000 100,000 100,000 100,000  100.000
============R==l=HgéﬂSﬂ========----===============‘.==z::=22$="—"=============I===B==
METHANOL 81.924 74,447 64,657 £8.400 54,3462
Gz -~ Cé : .
ALCOHOLS 10,783 12,057 17.04&5 15,212 . 19.149
OTHER £2 - £é
DXYGENATES 2,519 3.637 4,742 4,512 3.311
£4 - CY
HYDROCARBONS 4,872 9.839 13.537 11.878 13.178

CALCULATEP HIGHER HEATING VALUE
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