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ABSTRACT

Cobalt-graphite intercalates, when used as catalysts for the hydroge-
nation of carbon monoxide at one atmosphere pressure, exhibit a markedly
different effect of reaction temperature on product distribution in the
range 200-300°C than does a conventional kieselguhr-supported cobalt cata-
lyst under the same conditions. In the latter case, the percentage of all
reacted CO involved in methane formation increased from 27% at 200° to 87%
at 300°C, while the percentage yielding C.* hydrocarbons decreased propor-
tionately from 69% to 7%. Over cobalt-graphite, on the other hand, methane
accounted for a virtually constant 35% of all reacted CO throughout the
200-300°C range, while the C»+Ca olefin/paraffin fraction increased slightly
from 31% at 200° to 41% at 300°, and C,* hydrocarbons only decreased from
30% to 20% of all converted CO at the same temperatures, . The results sug-
gest that interlayer penetration of the graphite intercalate lattice by
H3/CO reactant may be the rate-limiting step of the reaction. Poisoning
studies utilizing hydrogen sulfide indicated that only 0.6 to 0.7% of all
intercalated cobalt atoms are accessible as catalytically active sites,
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I. OBJECTIVE AND SCOPE OF WORK

The objective of this research is the development of a novel process
for the production of petrochemical feedstocks based on coal or other
carbonaceous materials, Specifically, the project is to investigate the
catalytic activities and selectivities of novel alkali and transition metal-

. graphites in produciag light (C1-C3) hydrocarbons from H2/CO synthesis gas

via the Fischer-Tropsch process.

II. SUMMARY OF PROGRESS TO DATE

A comparison of actual research progress to date vs. project -schedule
is contained in the "Project Plan and Progzess Chart" shown in Fig. 1. In
our previous Quarterly Report (for the period November 1, 1977 to January
31, 1978), we described the design and installation of a microcomputer-
based data processing system, as well as the results of preliminary cata-
lytic testing of a commercially-available cobalt-graphite intercalate for
the Fischer-Tropsch process at one atmosphere pressure. During the most
recent contract quarter, we have completed our evalauation of the activity
and selectivity characteristics of this material, for the reaction temper-
ature range 200-300°C, together with a comparison of these properties with
those of a commercial cobalt/kieselguhr catalyst under the same reaction
conditions. We have also begun to examine the sulfur poisoning behaviors
and percentages of metal exposure for both cobalt catalysts by means of
in situ additions of gaseous hydrogen sulfide. Techmical details of research
progress during the past quarter are described in the following sections,

III., DETAILED DESCRIPTION OF TECHNICAL PROGRESS

Each experiment described below employed a fresh sample of the cobalt-
graphite intercalate (Alfa Chemical Co. No. 89650; 3.4 wt% Co), pretreated
by exposure to excess circulating Hp for 3-4 hrs at 400°C, followed by over-
night evacuation at 300°C to a residual pressure of < 107" torr. All ex-

- periments were performed using the stirred-batch reaction system described

in a previous report, with an initial Hp/CO reactant ratio of 2/1 and a
total initial pressure of 700 torz. :

A. Reproducibility of Catalytic Activity

Reproducibility of overall’catalytic activity was examined for the
cobalt-graphite intercalate at 250° and at 300°C by performing three ident-
ical experiments at the former temperature and two at the lztter, each em-
ploying a separate, freshly-pretreated catalyst sample. The results are
contained-in Tables I and II. It is evident that, on a per-metal-atom
basis, the comparative initial activities for overall CO conversion (sum-
marized in the "% CO Conv" and "Rate" columns) varied over at least an 8-
to 9-fold range at both temperatures, However, apart from the apparently
anomolous results of Series 4, Run 1-A in Table I, product distributions,
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at comparable CO conversion levels for a given reaction temperature, were
quite reproducible and relatively unaffected by overall catalystic activity
(Compare, for example, the 9,00 and 6,00 hr samples of Series 3, Run 1-A
and Series 5, Run 1-A, respectively, and the 4,05 and 0.50 hr samples of
Series 6, Run 1-A and Series 7, Run 1-A). Since a fresh catalyst sampie:
was used in each of the tabulated experiments, these results suggest that
the batch of cobalt-graphite employed may be inhomogeneous with' respect to
either the extent of metal intercalation or the accessibility of intercal-
ated metal atoms, or both., Regardless of total activity, however, all

“active" metal sites apparently behave similarly with regard to reaction
selectivity.

B. Temperature Dependence of Reaction Selectivity

Separate- experiments, each employing a fresh catalyst sample, were
performed at 25° increments over the reaction temperature range 200-300°C
in order to explore the product distribution characteristics of the cobalt-
graphite intercalate. Table III contains the tabulated results of the five
runs, and Fig. 2 summarizes the temperature-dependence of reaction select-
ivity at an arbitrarily-selected CO conversion level of 5%. (Apart from
the expected increase in olefin = paxaffin transformations, little funda-
mental change in product distribution occurred with increasing CO conver-
sion in a given run.) Here, the mole fraction of each gaseous, carbon-
containing product has been corrected to account for the number of carbon
atoms/molecule, and the results normalized to 100 moles of CO converted.
Thus the region between each adjacent pair of plotted curves corresponds

to the percentage of all reacted CO that was involved in forming the indi-
c¢ated product,

The highly unusual and unexpected selectivity behavior of the cobalt-
graphite intercalate can best be appreciated by comparing it to the corre-
sponding behavior of a "conventional" kieselguhr-supported cobalt catalyst,
data for which have been drawn from a previous report in this series and
presented in Table IV and Fig. 3. Although the amount of carbon dioxide
produced, primarily via a water-gas shift process, is similar and relatively
constant over both catalysts (accounting for ~ 5% of all converted CO),
the temperature-dependence of hydrocarbon selectivity is dramatically dif-
ferent for the two materials. Over the supported cobalt catalyst, the
percentage of all reacted CO involved in methane formation increased from
27% at 200° to 87% at 300°C, while the percentage yielding C»™ hydrocarbons
decreased correspondingly from 69% to only 7%. In particular, the Cy*
hydrocarbon fraction accounted for 35% of all converted CO at 200°, but
had decreased to < 10% at 250°, and was entirely absent at 300°C. This

overall behavior is typical of that normally observed over supported, um-
promoted cobalt catalysts in this temperature range.

The outstanding and atypical selectivity feature exhibited by the
cobalt-graphite intercalate, on the other hand, is the relative insensitiv-
ity of product distribution to reaction temperature variations. Methane
accounted for a virtually constant 35% of all converted CO over the entire
temperature range investigated, while the C+Cy olefin/paraffin fraction



increased slightly from 31‘% at 200° to 41% at 300°C, and’ C4* hydrocarbons
only decreased from 30% to 20% of all converted CO over the same temperature
range.

This muwsual behavior may be due to the umique structural nature of
the metal-graphite system. Active cobalt sites are located between graph-
itic planes that are spaced ~ 3,5 to 4.0 A apart. Thus, unlike the situa-
tion with a conventional supnorted catalyst, CO and Hp reactant molecules
must not only diffuse through the gas phase to the catalyst surface, but
must then penetrate between the narrowly-spaced layers of the graphite lat-
tice in order to reach the metallic sites and allow adsorption and subse-
quent reaction to occur, If the average depth of intercalation of the
reduced cobalt atoms is sufficiently large, it is conceivable that the over-
all rate-limiting step of the process may be the interlayer diffusion of
reactants. Such a restriction on molecular movement at or near the cata-
lytically active sites could result in carbon chain growth that is larger
than would otherwise be the case, and ceuse the observed selectivity be-~'
havior. Indeed, although the reaction rate data presented in Table III
may be viewed as only semi-quantitative, they indicate, nevertheless, an
apparent activation energy for CO conversion of ~ 10~12 kcal/mole in the
temperature range 225-275°C. This value is considerably lower than the omne
(~ 25 kcal/mole) that is normally observed for H2/CO reactions over sup-
ported metal catalysts, and is consistent with the postulate of a diffusion-
controlled process. We have previously reported, for example, an apparent
activation energy of 23.8 kcal/mole for CO hydrogenation over the cobalt/
kieselguhr comparison catalyst. It should be noted, however, that the
interlayer diffusion rates of CO and Hp should increase with increasing
temperature, and, hence, the virtual ccastancy of product distribution over
a 100° range of reaction temperature is still unclear. Nevertheless,
selectivity effects exhibited by the cobalt-graphite intercalation system
may be of considerable importance and warrant further investigation, par-
ticularly at elevated pressures, in order to more fully characterize this
behavior,

C. Sulfur Poisoning Effects

In situ poisoning experiments, employing gaseous hydrogen sulfide,
have been initiated during the past quarter in an effort to assess both the
sulfur tolerance behaviors and the percentages of accessible metal atoms
in the cobalt-graphite catalyst. Additions of HaS aliquots during reaction
were made by £illing a calibrated doser volume to a known pressure and then
injecting the doser contents, by means of appropriate stopcock manipula-
tions, into the circulating reaction mixture at.pre-selected time intervals.
The preliminary results for two such experiments at 300°C, using separate
cobalt-graphite sewples pretreated in the usual manner, are presented in
Table V. - In each case, the percentages noted for the HpS doses in the cat-
- alyst description correspond to the percentage of catalytic activity that
could be poisoned by each successive HpS additionm, if it is assumed that
all cobalt atoms are accessible as catalytic sites.

As shown by the conversion and rate data for the two runs, the catalyst




displayed no unusual resistance to sulfur poisoning. In Series 11, Run 1l-A,
addition of a 10% dose of H;S immediately following the 2.50 hr sample des-
troyed virtually all activity for C,* hydrecarbon formation, but the same
ple apparently retained a very small capacity for methane formation. The
latter was removed by another 10% addition of H,S following the 13.00 hr
sample. In Series-13, Run 1-A, smaller H,S doses were employed in an
effort to determine the percentage of catalytically accessible cobalt atoms
in the intercalate. The approximately 20% of original activity for forma-
tion of all hydrocarbon products that was retained after addition of a
0.5% HzS dose at 0.73 hrs of reaction indicates that only 0.6-0.7% of all
-cobalt atoms in the catalyst are accessible to the Hp/CO reactant mixture.
An additional 1% dose of HS, added at 1.77 hrs, destroyed virtually all
remaining catalytic activity. .

More detailed experiments, aimed at further characterizing the sulfur
poisoning responses of iron- and cobalt-graphites and the iron/alumina and
cobalt/kieselguhr comparison catalysts, are currently in progress. Par-
ticular emphasis is being placed on evaluating the potential reversibility
of sulfur-induced deactivation, as well as investigating the alterations
in reaction selectivity that are brought about by sulfur poisoning.

IV. CONCLUSIONS

Cobalt-graphite intercalate, when used as a catalyst for CO hydroge-
nation at one atmosphere.pressure, exhibits a markedly different response
of reaction selectivity to temperature variations in the range 200-300°C
than does a conventional kieselguhr-supported cobalt catalyst under the
same conditions. In the latter case, the percentage of all reacted CO that
is involved in methane formation increases from 27% at 200° to 87% at 300°C,
while the percentage yielding C»* hydrocarbons decreases correspondingly
from 69% to only 7%. Over cobalt-graphite, however, methane accounts’ for
a virtually constant 35% of all converted CO over the entire 200-300°C
range, while the Cz+C3 olefin/paraffin fraction increases from 31% at 200°
to 41% at 300°, with the C,* materials decreasing proportionately.

The results suggest that interlayer penetration of the graphite inter-

calate lattice by Ha/CO reactant may be the rate-limiting step of the over-
all reaction, )

Poisoning studies with hydrogen sulfide indicate that only 0.6-0.7%
of all cobalt atoms in the intercalate are accessible as catalytically
active sites. ) : ‘




"FIGURE CAPTIONS

Fig. 1 Project Plan and Progress Chart

————————

Fig, 2 Variation of Carbon-Containing Product Distribution with Reaction
Temperature at 5% CO Conversion over Cobalt-Graphite Intercalate,

Fig. 3 Variation of Carbon-Containing Product Distribution with Reaction
Temperature at 5% CO Conversion over Kieselguhr-Supported Cobalt,
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R (X1 X1 <x2> (X2) (X32 . (X3 (XQ) (XS) CONV /HR BfiLe .

0.50 Tedq 39«3 1647 Be5 2641 0.0 240 G.0 8.8 - 69 99
1{00 7«0 39+5 13+¢4 9« 23.9 34 2.1 1+3 18 87 95
2400 5.8 33.3 84 = 940 182  4eT7 1148 88 4e 4 112 96
300 59 3247 6¢6 9,8 16¢4 5«6 1147 1163 6e 6 93 93
4405 63 33.3 56 107 153 5:9 121 1048 8¢5 79 o2
600 72 354 4.4 1251 1493 Tei 1076 8¢9 112 58 93
9.02 7-9 357 3.3 1277 1lz2.2 8«3 11+0 9«0 155 61 92
12. 8 8.6 36.5 27 132 1009 9.0 't0.8 8.3 19.0 50 91
24,0 lUv5 3843 1s5 13/9 7=7 10%7 9.8 78 374 44 87
26. 0 11.9 42.3 15 15+3 8.1 1240 1.0 748 30.3 =24 83
28.0 111 38.8 153 146l 70 110 946 71 3449 ‘100 85
30+ 0 11-3 39+0 1.2 1441 6e6 113 945 741 3646 36 85
32{0 1155 3941 lil l4.2 6{3 ila4 936 649 3g.1 32 B4

- 13 -



EXPT. .NOo -

CATALYST =

VEIGHT

REACT ION TEMPERATURE-
INITIAL TOTAL PRESSURE-
INITIAL H2/C0 RATIO’
REACTOR VOLUME T

Table II (cont.)

TISCHER-TROPSGH REACTION RESULTS

-—u---——— - o -—---—-------—---u—-

s P-e m scerpis v e avais o @ o)

SERIES 7, RUN I-A

COBALT=GRAPHITE (3.4 WTZ C0)3 VENTRON CORP.
NOe .896505 PRETREATED (PROGRA&M TO 400 C v Hd TO

EVACUATED FOR 16 HRS AT 360 Go. )
¢.5 G TOTAL

300 C

697 TORR {0.92 ATM)
20 v )
341 GC

L

“GRAPHIMET *
Le 3 BRD

D s v S W W D G e N D S G g S AL S G D WD N G G BB S D SV R U ST b et s Y G T et S G W S W e G D P M AL O BB I G S W W Y G B TS el O4 T Gn M e SN R P s A

asMce o e a

REACTIO

N

TINE QHRS)

‘0.50
1<00
1.50
2,00
4400
5400
5:50
700
9.00
11,00

coz2.
(Xl)

SN OoWWo=-YU

Bt put P
—emovIcyt

. pa
D -
., 0,0
[S N 0}

s

c e S A w BRI @A 2 s 4cs . S0 ¢ S-RS B @ @

- s an g

coz CHa C2H4 C2H6 C3H6 C
705 57.1 309 904 1001
9:2 58:5 o202 103 764

104 5940 1.5 106 506

1154 59.2 12 . 138 456

139 59:3 0.7 108 2.7

1457 592 06 108 2s,2

15,1 5941 0.6 1078 201

15:9 5040 05 108 158

168 58.6 0.5 107 1.5
1776 58.3 04 10.6 143

MOLES PER 100 MqLEs OF CO GONUERTED -----
CHy C2H4 ©2H6 C3H6 CSHS C4’S C5+
(X1)  (X2) (X2) (X3 .3 (X4 (X5

o or m ce @ s e . arw coca e <o @ave »

33.9 4.7 11e2 18.10 7.1 12.5
36+3 27 128 13:7 98 11v9
372 19 .13¢4 1047 . 1141 1178
38:0 155 13.8 8s8 120 115
306 1s0 l4.5 S5¢4 . lacp  198d2
40,1 0.8 4.7 4¢5 1452 9.7
40:2 658 la.7 452 1455 944
4045 07 148 3.6 1456 " 9.1
4045 0¢6 14.8 3¢1 1446 9,2
4046 0e6 1448 2.8 1469 Be6

- 14 -

= MOLE PER CENTS GF CARBGV-CONTAINIVG PRODUCTS IN GAS PHA%T -

3H8

e, 8,0, 0,4, 8,9
= D= OV D

B - R N W I

%. GO
Cony

T8

128
16+ 4
19.2
2741
29.8

3140

3u4ve
3873
415

Ca’s

, e e e

5.2
4e 3
4e 7
4.5
38
3¢5
3.5
3.2
3.
3.1

RATE
#5i0L
/ HR

223
311
236
1646

L4,

133
o2
g7
66

658 .

G5

e bee a = = D) (O[O (O
“, . n, s a

-2, 8,8 0, 0,09,

oo~ aPpeYaa

G

MASS.

BaLe .

96
95
94
94
93

92
92
S1
90



Table ITI

I“I SCHE’?—TRO PSCH REACTION RESULTS

----- n-————---———---———n——-—u—---

EXPT. 0..- SERIES (9. RU\I 1"'

CATALYST ~: C-OBAL‘I‘-GFAPHITE (3.4 WTZ CO)5; VENTRON CORP. ‘GRAPHIHET”
. © NO. 896505 PRETREATED, (PROGRAY TO 400 C IN 'H2 FOR 4.0 HR)
EVACUATJ:.D FOR 16 HRS AT 300 C- .

WEIGHT - 0«5 G TATAL
REACTION TEMPERATURE = 200 G
JINITIAL TOTAL PRESSURE = 697 TORR (0 92 ATH)

INITIAL H2/CO RATIO " = 2.0
REACTOR VOLUME T = 341 CC

= HMOLE PERCENTS QF CAREON- CONTAINING PRODUCTS IN GA3 PHAS E =

REACTION . .

TIME CHRS) coe CH4 C214 G216 C3HG €348 c4’s Cs5+
2. 80 9.0 79.% 3.2 3.3 Se 8. 0 8.0 0.0
802 ‘743 57.8 2.6 T7e4 61 7.6 6.1 5.1

24:50 69 6041 10 8.5 3¢9 8.5 Eé40 5.1

28.°00 72 59.9 U8 87 3¢7 9.3 5.6 459

3100 Ta' 4 5944 0.9 8¢7 3¢5 8¢9 63 geoa

38425 T« 7 59.3 07 88 279 9s0  6e2 543

5009 7.8 5847 86 87 . 204 9.6 6+5 57
===-= MOLES PER 100 MOLES OF CO CONVERTED =~=wmw=e

REKN o - : i oo RATE 2 €

TIME co2 CH4 C2H4 (216 C3H6 C3H8 Ca’s OC5+ . € GO 1440L  MASS

CHR) cn1> (X1)  X2) X2 X3) 3 4) (¢:4-3] CcoNv /R BAL. .

.-

2. 00 TeT 674 S5¢4 5.6 13.9 8.0 0.0 0.0 0.2 4 Ss

802 4¢1 32/8 350 84 1004 1350 1378  taca 0.8 4 o4

24.5 40 3448 12 ° 9.9 647 148 139 14.7 3¢0 6 25

28410 4.2 3408 1<0 1lo¢} 65«4 1643 1350 1473 35 6 94

3159 4J3 3444 1.0 1041 61 15¢4 l4s6 1422 40 7 o2

383 4J48 3452 9.8 10.2 5«0 156 la¢a 1504 502 7 94

50<0 45 3344 0<6 10.0 451 1644 1448 1642 7<0 7 - 9l

- 15 -




Table III (cont.).

FISCHER~TROPSCH REACTION RESULTS

EXPT» .NOs - SERIES 9, RUN 1-A

CATALYST - COBALT-GRAPHITE (3.4 WT% CO 23 VENTRON COPP. “GRAPHIMET *
' NO. 896505 PRETHEATED (PROGPAM TO 400 C IN H2 FOR 3.3 HR)
EVACUATED FOR 16 HRS AT 300 C. ~ ° . -

VELGHT - DB.5 G T(_JTAL

REACTIOY TEMPERATURE = 225 C .
INITIAL TOTAL PRESSURE = 697 TORR (0.92 ATM)
IJITIAL H2/CG0 RATIO = 2.0 T
REACTOR VOLUME ’ = 341 CC

-~ MOLE PERCENTS OF CARBIN-CONTAINING PRODUCTS IN GAS PHASE -

REACT ION .

TIME (HRS) GQ?_ CH4 *G2H4 C2He C3H6 C3H8 (Wi} :S QS-!-
2.00 14.2 642 603 6.7 8. 6 0.0 0.0 0.0
705 8. 6 68,1 2.8 8. 0 5.9 S. 2 462 3.1

22. 00 941 58.10 0.9 9s1 3.5 755 Ge 2 5.7

27.00 9.3 58. 0 0.8 8.2 3.0 8¢ 0 6.2 5.5

33733 9.6 57¢ 9 06 93 2.6 8o 651 5:5
~--- MOLES PER 100 HMOLES OF CO CONVERTED ====-

RE Tt . Tt T et RATE 2 C

TIME co2 CHyg C2H4 C2H6 C3H6 C3H8 C4°S OS5+ % GO MHMOL 14SS
CHR) (X1 X1y X2 (X2) (K3 (K (Xfi_) xXs) C(}NV /HR BAL. .

2. 00 10.9 49.3 Oe7 1042 19.8 0+8 Q.0 G« 0 Ue 4 8 09
705 S¢5 393 355 10.2 113 .99 1058 97 20  i4 95
22. 0 5«23 3365 10 10.5 660 130 1442 1644 7.6 16 93
27. 0 Sc4 33i6 049 1057 S93 1440 1453 1509 94 15 90
333 5¢6 33.6 067 108 4¢3 1447 1452 " 159 113 i3 92

- 16 -



EX'PT‘O -NQe . =

QATALYST -

WEIGHT

REAGTION TEMPERATURE
INITIAL TOTAL PRESSURE
IVITIAL H2/CO RATIO .

Table III (cont.)

TISCHER?TROPSCH REAGTIOJ RESULTS

----n-\-----—-—-—u—-—an:o— - - -

SERIES 55 RUV I-a

NO. .

CUBALT~GRAPHITE ¢3-4 WT% COY: VIENTROM CORP.. *GRAPHIMET®
896503 PRETREATED (PROGRAM TO 400 c IN "H2 'TOR 2 HRS)

EUACUATED FOR Il HRS AT 300 C-

0.5 G TOTAL

REAGTOR VQHUQE

REACT ION
TIME (HRS) co2 CHa C2H4 G246 C3Hé C3Hg Ga’s G5+
1. 08 Be«5 647 95 6. 0 11.3 0.8 0-9 .
2.00 . 79 63+ 6 8.0 Ge7 ‘9.9 ge 0 23 1.
3-00 7.0 63+ 1 6:8 - 7s0 9.2 30 2.7 1Y
4¢ 00 6¢ 6 60«4 5.5 69 8e7 3.2 5«1 3.
6 00 & 7 607 fQeb 78 845 3+ 7 4« 6 3¢
9 U8 6.8 5948 3.3 84 75 443 5.4 4
23-00 T¢7 590 1e4 9+ 8 ‘55 . 60 5.8 4e
~~-- MOLES PER 100 MOLES OF CO GONVERTED ~—---
REXN TesroT " ) ottt T RATE 2 C
TIME coz2 CH4 ~ C2H4 C2H6 C3H6 C3HE C4’s C5+ . 2 CO IMMOL MASS
CHR) ¢ 40 X1 CXZ) (X2) X3 (X3 LX&) X3 CONV /HR] BAL. .
1.08 6e2 46eB 1347 8e6 2466 B0 0.0 0.0 0«3 13 100
2. 00 5¢3 43.0 10.9 9s0 2041 0.0 63 Se& 0.7, 20 100
300 46 41¢7 9«0 = 92 1842 5.9 - 7e0 43 I«3 ~ 25 95
4{00 450 3644 6 6 8¢3 158 5¢8 1253 10.92 240 35 96
6+ 00 4e] 3649 56 9.5 1545 647 1lel 1046 3.1 ~ 85 97
900 4+0 35.2 3:9 9.8 13.3 7«6 12¢7 13<6 5¢ 0 30 926
23:9 4{5 3476 176 1175 997 1046 13¢5 13.8 1247 25 92

250 C
697 TORR (0.92 ATM)
2.0 - :
341 CC

nonin

-17—

- MOLE PERCINTS OF CARBON=-CONTAINING PRQDUQTS IN GAS PHASE =
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‘EXPT:.NO- -

" GATALYST -

WEIGHT

.REACTION TEMPERATURE
INITIAL TOTAL PRESSURE
INITiIAL H2/C0 RATIO
REACTOR VO! LUME )

REACT ION
TIME CHRS) -

0. 50
. 1400
2400
3700
5400

700"

" 10400
1300
23"00
28.00
29.'00
3i<o0

REXN
TIME
C(HR)

0-50
100
2. 00
300
5«00

7500
© 1007
‘130
. 23¢0
" 2840
29.0
310

. Table II1 (cont,)

o & 4rmeerw oo

‘sna:ns ‘8 RUW 1-A

VCDBAL’-GRAPAITE (3.4 WTZ CO);5 VENTRON‘CORP- *GRAPHIMET *
NO..89650s PRETREATED (PROGRAM TO 400 G IN'HE FOR 3.6 HR)
EVACUATED FOR 16 HRS AT 300 C..

‘0.5 G TQTAL

275 C© :
697 TORR (0«92 ATM)
2.0 ° - N
341 CC

nuoyn

- MOLE PERGENTS OF CARBON-CONTAINING PRODUCTS IN GAS PHASE.~ -

an CH4 C2Hy C2Heé C3H6 C3H8 Ca-’s CS5+
172 57 1 Se 1 40 0 Qa7 2.9 . 0.0 0.0
12¢3 59¢4 7+ 8 Z¢3 Sedt 1¢8 2.7 3.2
1140 59.1 6 8 5ol 8.6 2.6 3-9 2.9
11} 60s 5 6.0 S«6 8.2 2¢ 4 3.8 ) 244
117 561 4e7 6.6 76 27 4e 2 344
1244 5944 3.8 Te2 Te 1 3¢ 0 4 1 2.9
133 59.1 3«0 78 .6l - 32 3.9 3v2
140t 595 2.5 843 59 34 3v6 .27
1546 5943 16 8¢7 47 T 4s D 3B Se &t
1602 50,2 1e4 8.8 Ha 2 445 35 243
1643 59.2 13 8;8 4.2 s & 3.5 243
165 - 59.1 1.2 88 4. 0 4e 4 3c4 2¢5
--~~ MOLES PER 100 WOLES OF CQ GONVERTED -----

o T RATE % C
cog CH4 C2H4 C2H6 G3H6 (3H8 GC4°s C5+ % €0 MMOL MASS
X1y (X1 (X2 X2 (n3) (X3) (Xﬂ) (X5) CONV /HR BAL.
124 412 13.1 5.8 21l.0 64 0.0 0.0 04 38 o8

8.0 38;1\ 10.2 S5¢6 16¢4 3.6 6.9 105 " 140 * 50 98
7;0 37«5 87 6ed . 1645 49 9.8 _9;2 261 44 26
72 39:3 7+8 703 16¢0 4.6 9.8 7.9 3.0 38 96
Ted4d 374 5.9 8olt 1443 5.2 1057 1046 469 40 94
8+0 38e¢2 49 043 13.8 5.8 105 9.5 ) Gel 32 93"
86 38s2 - 3.8 1041 12574 6«2 102 1074 *=.8e5 30 92
9.3 8%:4 3.3 11.0 117 68 9.6 8¢9 101 23 92
105 480 Se¢l 117 9.5 8«2 9.8 8.2 ' 15.2 21 90
110 4842 1.8 - 11.9 8«6, 942 9.4 7.8 17+6 - 20 .89
111 .40+3 18 1240 8+s6° 949 9.5 79 179 16 88
1172 - 40.2 le7 1240 3{2 90 . 943 84 18+9 20 - 89,



EXPTe

REACT IOY
TIME (HRS)

"0«50
1.00
1.50
2,00
4400
5.00
5«51
7.00
5.09
11700
REXH
TIME goz
(HR) CX! )
0.50 4.5
100 5¢7
1‘-50 6- L]
2,00 7«3
40 UU 90
500 10<0
5¢50 6.2
700 1150
9500 1l1s6
1.0 1253

. fablé 111 (éont.)"

- FISCB ER— TROPS CH REACTION RESULTS

-n----——--- ------—-—---- --------

G mesmeeenmim kgt e s e-m-aleiatesd Bia = H- 4 oo

.NO. = SERIES 7, RW I-A

CATALYST =~ COBALT-GRAPHITE (3s4 WTZ C0); VENTRON CORP. ‘GRAPHIMET’

) " NO..B89650; PRETREATED (PROGRAY TO 40¢ G INTHZ FOR 4.3 HR)
EVACUATED FOR 16 HRS AT 300 C..

YEIGHT - 0.5 G TOTAL

REACTION TEMPERATURE = 300 G :

INITIAL TOTAL PRESSURE = 697 TORR (J.92 ATM)

INITIAL H2/CO RATIO = 2.0 T i

REACTOR VOLUSE = 341 CC

- MOLE PERCENTS OF GCARBON~CONTAINING PRODUCTS IN GAS PHASE -

caz CH4 c2u4 -+ C2H6 C3H6 C3H8 Ca’s G5+

Te 5 57«1 .39 9 4 10«1 4e 0 5.2 2.5

9+2 58.5 2.2 103 Te ly 5.3 4+ 8 2.3
104 5940 145 106 5.6 5¢9 447 2«3
11.4 59.2 1.2 10-8 46 6.2 4¢5 2%
139 5973 0+7 18.8 2.7 7+ 0 3.8 18
147 50.2 te6 10+8 2.2 7<0 3.6 1.7
15,71 59.1 0.6 10.8 241 7e1 5¢5 157
159 5540 0¢5 10.8 1.8 7.1 3.3 1+6
1648 586 0«5 107 I+5 745 3:3 16
1776 583 D& 1046 153 751 B4l 145

- MOLES PER 100 MOLES OF CO COMVERTED ===-=

. RATE % G
CH4 C2H4 G©2H6 C3H6 C3H8 0C4’S CS+ %.C0 MMOL 1MASS
(X1) (X2) (X2) (3} (K3 (X4 XS cowv /HR  BAL..
33:9 4.7 11.2 18.0 7+l 12.5 8.3 7.8 658 96
363 27 1248 13.7 9v8 119 741 128 423 95
372 19 134 - 1057  L1JY 1198 753 164 311 94
38<0 15 138 878 120 115 740 1972 236 o4
39¢6 10 1455 504 1400 1002 641 2771 166 93
4051 0 0B, 1407 445 142 - 9J7 559 288 114 92
402 . 008 14¢7 442 145 944 579 31.0 103 92
40s5 0.7 1498 3.6 146 991 5.6 - 34¢2 92 92
405 046 1438 © 341 1456 9.2 575 383 87 91
4066 06 14J8 258 1449 Be6 .54 4155 66 90



EXPT> . NOo . -

c_:AmL\"ST e

‘- Table IV

FISCHERFTRDPSCH REACTIOV RESULTS

SERIES 4, RN 1-A

COBALT ON KIESELGUHR (39 WT% GO); HARSHAM GHIMICAL QQ-.

NO..CO~0i275 PRETREATED IN H2 FOR 8 HRS AT 400 C
EVAGCUATED FOR 16 HRS AT 30¢ C.. ~ .

WEIGHT - 0.10 G TOTAL -

REACTION TEIMPERATURE = 200 C

INITIAL TOTAL PRESSURE = 697.TORR (0.92 ATH)
INITIAL H2/CO RATIO = 240 o '
REACTOR VOLUME = 341 CC

— D PP To GE D M AW R R AN TS SN N E TR WD WGP G GD A an U S D e G O A A G4 ED MD w @P SR Gv 0 M B¢ S5 SR W P A5 ER e S N W SR S AR S S Y 60

REACTION
TIME CHRS)

- ——— ——— -

~ MOLE PERCENTS OF QARB@H-CQNTA;NING PRODUCTS IN GAS PHASE -~

ca2 CH4 C2H4 C2H6 C 316 C3H8 C4’s
0.26 87.2 0.0 5.0 00 1.2 0.0 2.7
0+50 4241 43:2 4:0 43 o4 D0 2.5
101 - . 20«6 477 . 1+ 8 5.8 9.1 3.2 5.8
200 11<0 82,6 0.8 - 549 645 445 8¢
3.00 T Be2 S4.8 0.5 61 5¢6 5.5 8¢l
4551 € 5 5541 0.3 63 3.9 7«08 ~ . 90
5«00 6el 5546 0s3 63 346 73 93
6. 00 5¢7 56¢1 0.2 Gelt 341 T¢8 Q¢ 2
woa- MOLES PER 10D MOLES OF CO GONVERTED ==—=--= :
REXN - ) ) - T RATE
TIVE co2
CHR) <A1>
'0026 66-5
0. 50 32:7
1.0¢ 11.9
2. 0.0 5¢ 6
300 4¢1
4651 3e 2
S.08 30
6500 208

GH4 CeH4 C2H6 OC3H6 GC3H8 C4’S CS+ % CO MMOL
(X1) K2y &X2) X3) X3> KA (XS CONV /HR

. .- s e . e e » e e . ca m e - - v ere ce e s @  am mcaca

0.0 Bel 15.1

0. D Te 7 0.0 2.7. 0.2 26
336 ° 6.2 60 7 3¢3 D« 0 746 9.9 03 31
275 2.1 627 1548 5.5 1373 17.3 1+ 0 60
2649 0.8 6+1 10.0 6+9 164 2772 2¢6 68
277 0-6 - 6e2 844 Bes 1645 2840 4o 1 65 .
27.2 Be3 6¢2 548 103 178 2972 6¢6 70
27.5 0+3 6.2 543 108 844 2844 7+3..,. 62.
278 0s2 603 45 1165 182 2846 859 " 66

- 20 -

G5+

3.9
2s5
6+ 0
106
1141
1129
11«5
11«6

2 C
Mass
BAL. .



. Table IV (comt.) . - . <

."1

‘F1S CdER-—TROPSulI REACT I0N RESULTS

EXPT..NO..~ SERIES 5, R 1-4 S

CATALYST - -COBALT ON KIESTLGUHR (39 UT% CO)3 HARSHAY CHEICAL CO.

' " NO..CO-0127s - PRETREATED IV H2 FOR & HRS AT 400°C
EVACUATED FOR 16 HRS AT 330 Ceo ~

WEIGHT = = 0.10 G TOTAL

REACTION TEMPERATURE = 226 C . '
INITIAL TOTAL PRESSURE = 70! TORR (0.92 ATM)
INI TIAL H2/CO RATIO * ~ = 2.0 ° S )
REACTOR VOLUME . = 339 CG-

. - MOLE PERCENTS OF CARBEON-CONTAINING PRODUCTS IN GAS PHASE -
REACT ION © ‘ T ' : ” '

TIME (HRES) coa CHa . GC2H4 c2ane G3H6 C3H3 Cajs C5+
0.25 11.3 55.3 © Bs+6 6.3 8.6 2.8 7«0 6.0
G50 6«8 63. 0 13 - Te2 7«7 450 5¢7 4¢3
1.01 40 6 65«3 0«6 7.8 5.2 6+ 0 6+ 1 495
2.00 3«6 67.8 0.3 78 24 7.2 - 5.1 5.7
3.00 3¢3 - 684 el 749 ie5 Y D { 6«0 S-0
4405 3.2 6848 01 7.8 11 709 . 5+8. 563
5{0[ 3«2 69:5 De1 78 L8 7«9 . 57 5{0

~~-~= MOLES PER 100 MOLES OF .CO CONVERTED w===~=
EEXV N et RATE 2 C .
TIME ‘co2 CH4 C2H4 C2H6 C3H6 C3H8 C4*S C5+ %2 CO MMOL HASS
(HR)D (X1) (XD (X2> (X2 (X3) (X3) (X&) (X5 GONV /HR BALs

0:25 6.4 81e3 3e0 7ol 14.6 48 15.9 17.0 1.3 218 99
0550  4vl 380 156 87 1378 752 137 1278 26 228 98
1¥01 28 391 07 943 93 Q047 447 1355 57 C 258 97
2700 272 410 043 944 434 1350 1243 1743 1156 251 94
300 250 4155 0i2  9i6 248 1400 1457 1552 1752 240 93
405 20 418 0J1 995 2Vl l4as4 1ad0 16¥1  22{9 230 92
5501 270 428 051 946 15 145 1440 1555 2773 196 . 91




Table ‘IV {cont,)

FISCHER-TROPSCH REACTION RESULTS

' EXPT. .NO. - SERIES 3, RN '1-4

CATALYS

WEIGIIT

"REACTION TEMPERATURE
INITIAL TOTAL PRESSURE
WITIAL H2/C0 RATIO

T -

NG« .

EVA(}U'ATED FOP 16 HRS AT 300 GC.

COBALT ON KIESELGUHR (39 WT% CO); HARSHAY CHEMICAL CO.!
co-0127;3 T

PRETREATED IN H2 FOR 8 HRS AT 400 C

- 8.10 G TOTAL

REACTOR VO LUME

LI | I L 4}

250 C X

697 TORR (0.92 ATH)
2.0 - 7 .
341 CC

—-n—--——-----..————_.o-—-—-———————-n-----un-—-u-u--—-———n-——---—n—---—‘--n—-——-

HEACTION
TIME (HRS)

0«25
g 50
1,00
150

2. 00 .

301
4500

_=-=- MOLES PER 100 MOLES OF GO CONVERTED

REXN
TIME
(HR)

oy .o

0.25
0;50-
1«00
1. 50
2.00
T 3a 1
40070

coz
¢x1)

6.0
3-8
3.0
2.8
2.7

C 2.8

3:0

e s e

- MOLE PERCENTS OF (_JARB(_JN—GONTAINING PRQD&CTS i .GAS PHASE -

" CH4

(X1

54 9
5540
58.2
59«6
60+ 6
62¢4

63«2 -

m¢=c>?j:C=H

Py,

CHa

73.1
75.2
777
78+ 8
794
80.3
80+ 7

C2H4
iz

. 9
] = = e D) GO U

C2H4 424 ()

0.7 749
s 8.8
0.2 8«0
[ PO 7«9
8.1 78
051 76
0«0 745

C2H6
x2)

"C3H6 C3HS
(X3) (X3

8+7

1.8 8.2

1157 4c4 1856
1270 271 11
1250 13 114
‘g 190 11

1159 . 046 114
118, 045" 11<

-22- .

C3i6 G

l.l.l.

coooooopPp @
L]
OS>V OoO

- C4”S
(X4

e, B, o,

0 O\ =1~ QW

- -y oo

C5+
(X3

3HE8

3.9
4848
5.1
5.2
5¢2
449
447

-2 CD
coNvy

- e -

do dy

9.1
‘167
23.7
9.3

©,.39.8
4741

M%

1.9
3.0
2.8
2.5
2+3
241
2.0

RATE
MMOL
/iR

747
' 783
664
591
. 525
424
314

G5+

R N N~
8, 8 2, 0,8, 8 @
el R R R e

% G
IASS
BaL. .

100
.96
- 95
95
.95
96
56



. Table IV (cont.)

FISCHER-TROPSCH REACTION RESULTS
EXPT. .ND..= SERIER 6, RN 1-4
CATALYST - COBALT ON KIESELGUHR (39 WT% C0)3 HARSHAY CHEMICAL CO.
© NG« CO-0127; PRETREATED IN H2 FOR § HRS AT 400 C
EVACUATED FOR 16 HRS AT 300 C.. ~
'WEIGHT - 0.10 G TOTAL

275 G

REACTION TEMPERATURE =
INITIAL TOTAL PRESSURE = 697 TORR (0«92 ATM)
INITIAL H2/7C0 RATIO = 2.0 - T )
REACTOR VOLUME ) =

341 CC

- MOLE PERCGENTS OF CARBQN-CONTAINING PRODUCTS IN GAS PHASE -

REACT ION .

TIME C(HRS> cozs CH4 _G2H4 CaIl6 C3H6E C3H3 c4’s G5+
.0.25 3.6 87.4 " B.2 5.9 0.5 1.9 0. 4 0.0
050 3.5 8840 8.1 547 0.2 1.9 B84 Bs 1
0¢ 75 3.6 88.5 0. 5.5 (1 1.8 9.3 0ei
1.00 38 88.5 0. ! 5«4 0t 17 v a Gs 1
1,50 v fe8 88.5 0« 0 5.2 01 1.6 03 60
2{02- "4{8 . 879 0.0 5.2 ‘el 1.6 0.3 g¢0

~=m~ MOLES PER 100 MOLES OF GO CONVERTED ==w== .
REYN DDA : o0 TE T DRI e RATE % G

TIME Co2 . CH4 - C2H4 OGC2H6 C3HOS .C3H8 ©C4°S CS; 2 CO0 MMOL MASS
(HR) {Kl) 1y &2 X2) {H3) (X3 (4) &KX QONV /HR BALe. .

0. 25 3+2 77.8 BeZs 1046 bed 5. 2 1.5 6.0 121 2069 99
0.50 391 787 8.2 10.2 8.7 5.2 1.4 g6 227 .1800 180
075 3¢3 B0.0 . 0« 9.9 8.4 4.8 141 Py} 31.3 l4as2 100
100 3«4 80.0 0-1 97 g.2 4e 7 1.3 6-5 38«2 1200 169
150 3.9 80.8 6.1 9.5 8.2 4s5 1.0 6.2 4846 873 99
2.02 44 '8031 U:l 9« 4 0s2 ~ 4eS 11 0.2 54+ 8 510 99

- 23 -




EXPT. . NQ. . =

CATALYST =~
E . NO CcOo-0i27:

"WEIGHT .

COBALT ON KIESELGUHR (39 WTZ CO0)3
_ PRETREATED IN H2 FOR
.'EVAGUATED FOR 16 HHS AT 300 C».’

Tabié IV (cont.)

FISCHER~-TROPSCH REACTION RESULTS

- Qﬂtlﬂ G TOTAL

REAGCTION TEMPERATURE
. INITIAL TOTAL PRESSURE

. INITIAL H2/CO RATIO

REAGTOR VOLUME

€t t L 0P Y S S o S R W p ER e WD W A TR S W

" REACTION
TIME,(HRSQ

-0 25
0.52
1.00

'1{50'

RIZXN

TIME.

CHR)

..
- om ac

0«25
0.52
1. 00
150

‘coz

(¢4 D)

: Ge 2

6. 6
7« 6

8.4

coz

6o &
6 8
759
g8

CHa
(X1

8649
864
84.9
82+8

CHa4
90.3
897
88+ 4
87{0

C2H4
x2)

ooaos
.
(A !

Lnnoun

Ca2He6
X2)

5.5
5¢7
549
6e 1

)

'SERIES 7, RUN 1-2

XN
(0, 9,0,0
[ BV )
St Pt e £
08 0,0
D M= O
[~ — N~ I ]
om0,

Wooo

8 HRS AT 400 C

C3H8

MOLES PER 100 MOLES OF C0 CONVERTED =====
C5+
(x5

0.0
G0
0s 0
0+1

HARSHAY CHEMICAL CO.. .

'= MOLE PERCINTS OF CARBON-CONTAINING PRODUCTS IN GAS PHASE -

C4’s

-y — -

%z CO
convy

26.2

51.9
5646

RATE
MMOL
/HR

4444
2220
1034

398

300 C

701 (0.92 ATID)
2.0 T )
339

C5+

20
MASS
BAL. .

28
98

.97




Enl - NC_)- -

CATALYST

WEIGHT =

REACTION TEMPERATURE.
INITIAL TOTAL PRESSURE
INITIAL H2/CO RATIO

Table V

TISGHER-TRODSCH REACTION RESULTS

- - . ot s D o 4t e e - - om o e v s

SERIES il;-RHN 1=~a

'GOBALT-GRAPHITE (3.4 T3

‘\IO- 09650:

ADDED AT 2. 51,

0.5 G TOTAL

REAGTOR VOLUME

REACT ION
TIME (HRS)

8.27
0. 75
1.00
1.°50
203
2.50
3. 80
3¢ 50
6e 50
8« 00
12,00
13400
14,00
15500

REXN
TIME  CO2
ER) XD
0. 27 Clhe 2
0575 . 443
1508 447
150 54
2.03 - 6§
250 6«3
st"‘* 300 6ok
3550 643
S50 603
255 00 6o
12.0 Ge 2
H, 5l 320 60
B 1440 6ol B}
1550 61

wnunn

COys

VEdTRON CORF- .

*GRAPHIME

i d

PRE xEATED (PROGRAM TO 400 C IN H2 FOR 3-q HRI
. EVACUATED FOR 16 HRS AT 300 C» H25 DOSE, (10"-2&-102

7s 632

300 ©

697 TORR .

2.0
341

ce

AND 13.05 HRSe

(0.92 ATH)

DF REACTION.

- MOLE PERCINTS OF CARBDN—QONTAINING PRQDUCTS IN GAS PHASE -

coz

RO RXYWOVUOY
LN w0, 0,0,
g0

.
NG o o R To B \n

MOLES PER 100 MOLES OF GO

CH4
(nl)

344

3446

35.9
37.5
38 2
33.8
39.3
. 39.3
4249

43<1 -

4600
4547
4645

4648

CH4

56 5
578
5846
59.'7
6048
60+3
60.7
Gf.8
63«7
6441
665
6644
67.0
67+3

C2H4
(X2

18.1
449

&
o8 0,9 ,8,;,9,8,9,8,,
s ol A R

H.—Q—H...F‘H"“‘Nm

uuio o

C2HA

C2Hé
(X2)

SgWwp e

, 819 9, 0
LB

bea bt Bet e 3t gua ba e T e (O G OO

et gy B gy

“...‘....

C3H6
(X3

8e 8
11:1
122
1344

1440

1451

1aet

1440

1329
13+ 6
13.2

"i3.0

12+9

1258 -

22.8
171
1546
128
106

9-1

[e]
s,
0

N NN R
wdbabOdM®

[}
N
(1]

C2Hé C3H6
T3 125
9.3 9.5
9.9 He 5
106 6.8
11.°0 55
11.0 Lo T
189 44 G
10.9 4¢5

1043 4e 3
10.] Lie
95 3¢5
0.5 3.6
93 . 8.6
9o 3:5

CONVERTED
C3H8 C4’s
(X3) (X4

5.0
T4
88
104
11.9
13.1
tesg
126
12.6
12.5
117
116
"1lve

1155'

11.0
1248
12.0
10.7
110
101
i0.9
108
8+6
9.

moqo
Le, 0,0
000 60 = &

QU o
. *, 9,8
Pl aco

G318

- - .

2¢ 7
de 1
4 8
S¢5

6.2
68
66
6¢5
60 2
6+ 2
5¢6
S5+ 6
5.6
545

C4°S

G5+ 2 CO

52

CoNV

[ 3N A
°, 0,
OO

oo
., 8

U
e e,
- A

O~NG D
1. 0,0,
VOO

11«
133
13.5
13.8
1441
1405
1541
1545
15¢ 4
1546

l]e 5
Se &t
L ©
/e 3
f1e 3
3.9
Ne 2
fie 2
3«2
3¢5
3.3
34
3.3
3«2

RATE
HM#0L
/7HR

381
344
225
191
162
126
14
24
5]
11
6
18
-4
7

C5-

- - e

(43
. o

248
243
2NN
1.4
2. L
13
240
.G
Ja C
i
1.0

1-.

1.5

or M
” -

HASE
BAL.
S
L
94
o5
o3
on
92
93
92
al
39
af
39

[x v
88




HaS

“Hy8

H2S

Table V (cont.)’

Fis bHER- TROPSCH REACTION RESULTS’

EXPT. NO. - SERIES 13, RN 1-A

CATALYST =~ COBALT-GRAFHITE (3.4 WTZ CO0)3; VENTRON CORP. *GRAPHIMET*

NO«. 8968505 PRETREATED ¢PROGRAM TO 400 C IN H2 FOR 4.0 HR)
EVACUATED FOR 12 HRS AT 300 C, H25 DOSE (s 5% e 0% le 02)
. ADDED AT 0-73, 1.77, AND 3.53 HRS OF REaGTiow. =~ ° = .~
YEIGHT - 0.5 G TOTAL ' T -
REACTION TEMPERATURE = 300 C :
INITIAL TOTAL PRESSURE = 697 TORR (0.92° ATM)
INITIAL H2/C3 RATIO = 2.0 : .
REACTOR VOLUAE - = 341 CC

~ MOLE PERCENTS OF CARBON=-CONTAINING PRODUCTS IN GAS PHASE -

REACTION ) ’

TIME (FIRS) co2 CH4 C2R4 G2H6 c38 C348 C4’s CS5+
8.25 5.9 57. 5 5.5 9.6 ° 10.8 3«5 3.0 4e 2
0+50 7. 0 508 249 109 8.2 5.0 454 1e9
1,00 7« 9 803 1.9 i1.5 5.9 G2 404 2.0
1.'50 8 & 607 1.5 117 561 646 4o 2 1.7
1.75 8+ 7 60+ 7 lodl 11.8 ae'7 6+ 8 L4e 2 1.8
2.25 847 60+ 9 | 116 4s S 68 42 1.9
3.00 8. 7 6led 1.3 115 4¢5 6.7 4e B is7
3.580 8.7 618 1.3 11+4 fe g 6o 7 440 1.8
4425 8e7 6G2. 2 1.3 11.3 4e 3 6.7 4e D 1«7
5+00 8¢ 6 62+ 6 ie3 11<2 . 42 6-6 3.8 1.6
5«50 8.6 63: D 12 -11e2 4e 1 6«5 3.8 1e6

. —=== MOLES PER 100 MOLES OF CO CONVERTED ===~

RERY - . : - oot ceoct RATE 2 C

TIUHE 2 CH4 C2H4y C2H6 C3H6é C3HZ C4’s Cs+ % C0 MMOL MaSS

(HR) Xn (X1)Y X2 ®12) (?{3) (X3) (X4) X5 CONU /HR Bal,.

0. 25 3+5 33.9 6«5 11.3 1% 2 6e 2 Tol 12. 3 4s 6 788 98

I + 50 4e3 3742 3«6 1345 15.2 9¢3 11.1 5.8 B+s3 . 655 o8
1500 5.8 380 2.3 1404 1102 117 1141 6.3 12,6 353 95
1450 54 38.9 {¢9 150 9.8 12.7 107 5¢6 142 134 96

—sle 75 "S5¢6 - 39.0 1s8 1541 9. 0 13s1  10v8 5.7 1840 i39 95
2.25 566 3941 L7 1540 8a7 1351 1047 6.0 15.3 19 93
3.60 57 4041 1«7 15.0 8.7 1371 183 ~ 5.5 15.4 o 94

__FS-'SO 5«7 4341 17 1448 8¢5 13«1 10.3 5.8 1547 19 623

4525 Se7 4066 . 1e7 14.8 8o 4 131 1074 5«5 15¢6 -2 93

500 5¢7 4102 177 1448 8+3 1380 10+ 5.2 157 6 92

50:50 5¢7 4l.6 1’;5 14 -:7 "8e2 12-:9 10¢0 .52 15-8 6 92
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