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ABSTRACT

Cobalt-graphite intercalate, prepared by reduction of the corresponding
CoCly-graphite with an aromatic anjon-radical, exhibits low to moderate ac-
tivity for the hydrogenation of carbon monoxide to hydrocarbon products.
Compared to a kieselguhr-supported cobalt catalyst, however, the graphite-
based material produces substantially less methane (30-35% vs. 55-60% of all
CO converted) and correspondingly more C3* hydrocarbons (45-50% vs. 25-30%
‘of all CO converted) at a reaction temperature of 250°C. The catalytic ac-
_tivity of cobalt-graphite is markedly dependent on the method of reduction
of the CoCl,-graphite precursor. Reduction of CoClz-graphite with sodium
‘borohydride produces a cobalt-graphite intercalate that has much lower ac-
tivity for carbon monoxide conversion than that prepared by reduction with
an anion-radical. '
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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 producing light (C;-C3) hydrocarbons from H/CO synthesis gas
via the Fischer-Tropsch process.

IT. SUMMARY OF PROGRESS TO DATE

A comparison of actual research progress to date vs, project schedule
is contained in the "Project Plan and Progress Chart" shown in Fig. 1. In
our previous Quarterly Report (for the period August 1, 1977 to October 31,
1977), we described comparative test results for the activity and product
selectivity of a commercially-available cobalt/kieselguhr catalyst when used
for the Fischer-Tropsch synthesis at one atmosphere pressure. During the
most recent contract quarter, we have begun to evaluate the corresponding
activity/selectivity characteristics of a cobalt-graphite intercalate for
this reaction. In addition, we have briefly explored the effect on catalyst
behavior of an alternative preparation method, and have completed the design,
assembly, and installation of a microcomputer-based data processing system
that will be employed during the current project. Technical details of

research progress during the past quarter are described in the following
sections,

III. DETAILED DESCRIPTION OF TECHNICAL PROGRESS

A. Data Processing Svstem

We have completed the fabrication and installation of a microcomputer-
based data processing system that will be employed by the present project
for on-site computation and tabulation of experimental reaction parameters
and for processing gas chromatographic data during and after their experi-
mental accumulation. The system is based on an IMSAI Corp. Model 8080 micro-
computer and power supply, with 36K of user-accessible read/write memory,
and is interfaced to a medium-speed digital tape system that is used for
data/program storage and retrieval, and to a Teletype I/0 device. Bootstrap
routines and various tape operation instructions are contained in an addi-
tional 2K of read-only memory. Operating system software includes a relo-
catable assembler, monitor, and text editor and a tape control system.

Table I contains, for reference purposes, an "off-the-printer" listing
of the program that is currently being employed for processing of Fischer-
Tropsch reaction data, together with the complete output resulting from a
sample set of data taken from a previous report. The program, requiring
approximately 12K of core storage, was written for a MITS Inc. Extended
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BASIC interpreter (Revision 4.1) that occupies an additional 14.6K of core,
but could be used, following suitable minor modifications, with most high-
level BASIC compilers. Much of the printed output shown in Table I 1s
intended for interim monitoring purposes, and only the third page of out-
put, containing product distribution, conversion, rate, and mass balance
data, is normally provided in the report for any given experiment.

This system will permit considerably greater flexibility in monitoring
the course of reaction during individual experiments than has existed pre-
viously, and will provide much greater versatility in computing and tabu-
lating the results of each run. ‘ -

B. Cobalt-Graphite

A commercially-available cobalt-graphite intercalate containing 3.4
wt% cobalt and prepared by anion-radical reduction of the corresponding
CoCl,-graphite, was obtained from Alfa Chemicals Div. of Ventron Corp. for-
catalyst testing. Pretreatment of this -material prior to all experiments -
involved contact with excess hydrogen for three hours at 300°C, followed
by overnight evacuation at the same temperature, and final stabilization
at the desired reaction temperature. All experiments were performed using
the stirred-batch reactor system described in our first Quarterly Report.

1. Selectivity Characteristics

Tables II and III contain the results of two runs made -at a reaction
temperature of 250°C, each employing a separate and freshly-pretreated cat-
alyst sample. Reproducibility, both in overall catalytic activity and in
product distribution, between the two runs is not good, and 'it is not yet
known which of the two sets of data more nearly represents the normal be-
havior of the cobalt-graphite intercalate. Subsequent discussion will focus -
on the results in Table III., For comparison purposes, Table IV presents
the results for a corresponding run made at identical temperature, pressure,
and pretreatment conditions, but in which a commercial kieselguhr-supported
cobalt catalyst (containing 39 wt% Co) was employed.

Data is not yet available for the percentages of metal exposure that
exist in the two types of catalysts, hence, relative activities of the two
materials for CO conversion cannot be quantitatively compared. On an _
absolute basis, the rate of CO conversion (0.15 moles of CO/mole 'of Co/hr)
over the cobalt-graphite intercalate was approximately 7 to 8 times slower
than that over the supported cobalt catalyst. As in the case of the iron-
graphites described previously, however, it is likely that this rate is
considerably influenced by both the extent and the uniformity of cobalt
intercalation, with "interior' cobalt atoms being essentially inaccessible
as catalytic sites.

Of more interest, perhaps, is the considerable difference in the
distribution of carbon-containing products that was observed for the two
catalysts. At comparable extents of CO conversion {(compare, for example,



the 4.00 hr sample in Table III with the 0.25 hr sample in Table IV), the
cobalt-graphite catalyst produces considerably less methane than does the
cobalt/kieselguhr (30-35% vs. 55-60% of all CO converted) and a corre-
spondingly larger amount of Cs3™ hydrocarbons (45-50% vs. 25-30% of all CO
converted). Extents of formation of carbon dioxide and of C, hydrocarbons,
on the other hand, were virtually identical over the two catalysts. This
selectivity behavior is analogous to that reported previously for an iron-
graphite intercalate, which also generated less methane and more C3* hvdro-
carbons than did an alumina-supported iron catalyst. Additional experiments,
aimed at further characterizing these selectivity differences in the reac-
tion temperature range 200-300°C, are currently in progress,

2. Effect of Preparation Method

Because of the irreproducibility of the first two runs made with the
commercial cobalt-graphite intercalate, and in view of the relatively low
overall activity for CO conversion exhibited in both cases, an alternative
method of catalyst preparation was briefly exnlored. A CoCl,-graphite
intercalate containing 12.7 wt% Co (obtained from Alfa Chemicals) was reduced
by treatment with an excess of a 0.50 M aqueous solution of sodium boro-
hydride for one hour at 100°C, followed by washing with de-ionized water
and vacuum drying at 25°C. Assuming complete reduction of CoCla, the final
product contained 6.2 wt% of cobalt. (Preparation of Ventron Corp. '"Graph-
imet" metal intercalates, on the other hand, involves treatment of the corre-
sponding metal chloride-graphite with a proprietary aromatic anion-radical
reducing agent.)

Catalytic behavior of the borohydride-reduced material for CO hydrog-
enation at 300°C is compared with that of the cobalt/kieselguhr catalyst
under identical reaction conditions in Tables V and VI. The overall initial
activity of the borohydride-reduced cobalt-graphite catalyst for CO conver-
sion was not only 200 times lower than that of the supported catalyst, but
was also much lower, per cobalt atom, than that of the anion-radical-reduced
material shown in Tables IT and III (at 250°C). These results again suggest
the relative inaccessibility .of a large fraction of the cobalt atoms in the
"interior" of graphite crystallites or, possibly, incomplete removal of
excess NaBHs or reduction byproducts. Despite the very low activity exhib-
ited by the borohydride-reduced cobalt-graphite, its tendency, even at a
reaction temperature of 300°C, to produce considerably larger amounts of
C>* hydrocarbons, compared to the cobalt/kieselguhr catalyst, is again
apparent, as can be seen by comparing the product distributions cbserved
for the two catalysts.

In order to further examine the effect on catalytic properties of the
borohydride reduction technique, an iron-graphite intercalate containing
1.9 wt% of Fe was prepared by reducing the corresponding FeClg-graphite with
NaBHy under conditions identical to those described above. Its catalytic
behavior for CO hydrogenation at 300°C is compared to that of an iron-
graphite "Graphimet" in Tables VII and VIII. It is evident that only slight
differences, in both overall activity and in product distribution, exist



between the two 1ron-graph1te materials. The relative insensitivity of the
catalytic properties of iron-graphite intercalates to the method of iron
reduction, compared to their cobalt counterparts, may reflect fundamental
differences in the uniformity, depth of penetration, and resulting accessi-
bility of intercalated FeCli vs. CoCls. In particular, a much larger frac-
tion of intercalated FeCls; may remain near the edges of the graphite crys-
tallites following intercalation (thus being both more susceptible to com-
plete reduction and to subsequent interaction with reactant CO molecules)
than is the case for CoCl,, which may penetrate the graphite'layers more
deeply and/or more uniformly.

We do not plan to pursue further the applicability of the borohydride
reduction method to the preparation of reduced metal-graphite intercalates,
and will employ the commercially-available "Graphimets" for future studies
of cobalt-graphite catalysts.

Iv. CONCLUSTIONS

Cobalt-graphite intercalate, prepared by reduction of the corresponding
CoCl,-graphite with an aromatic anion-radical, exhibits low to moderate ac-
tivity for the hydrogenation of carbon monoxide to hydrocarbon products.
Compared to a kieselguhr-supported cobalt catalyst, however, the graphite-
based material produces substantially less methane (30-35% vs. 55-60% of
all CO converted) and correspondingly more C3* hydrocarbons (45 50% vs.
25-30% of all CO converted) at a reaction temperature of 250°C. The cata-
lytic activity of cobalt-graphite is markedly dependent on the method of
reduction of the CoClz-precursor. Reduction of CoClz-graphite with sodium
borohydride produces a cobalt-graphite intercalate that has much lower ac-
tivity for carbon monoxide conver51on than that prepared by reduction with
an anion-radical,
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Table I

REM

1000 - PROGRAM FOR PROCESSING FISCHER-TROPSCH REACTION DATA

1010 REM - - -~ - v - - . " = e = " " - DD D e W e > A8 A o

1020 REM

1030 REM ~ DEFINED STRING VARIABLES

1040 REM

1050 20% = “EXPTe NOo - *

1060 Zz1$ = “CATALYST - =

1070 Zz2% = “WEIGHT- - ™

1080 z3% = "REACTION TEMPERATURE = ##§ C"

1090 Z4% = “INITIAL TOTAL PRESSURE = ##¢# TORR (#.## ATM)"

1100 Z5% = "INITIAL H2/C0 RATIO = fd.é" o

1110 Z6% = “REACTOR VOLUME : = ~339°cC"

1120 z7% = “"ROOM TEMPERATURE = gf.F C*

1130 z8% = "INITIAL H2 PRESSURE = #$é.F TORR (F.6¢ ATMD"

1140 Zz9% = “INITIAL CO PRESSURE = #8868 TORR (#o88 ATMH®

1150 zZA$ = “REXN TIME* ) oot ot T

1160 zBs = * co -~ coz2 CH4 C2H4 CZH6 C3H6  C3HB™

1170 zCs = * Cca’s c5+" ' C )

1180 2ZD$ = "=emcudame mducin cmmee- S

1190 ZES = B S mw weameme woemme eoweooees ® -

1200 ZFS = “F8fddés8 ~ “Heddes~ -

1210 2GS = ™ - - T Ted - - - - -

1220 ZHS = ™ ##fgss™ T e Bl o . T

1230 zZ1$ = “FISCHER-TROPSCH REACTION RESULTS"

1240 ZJ3 = "=memmmerceiccccmmdececcccal e~ =

1250 ZKS = L e - - - - - - - - -

1260 ZL% = » e —- - n T - S G 4% e s G S S% we as e W we BS e e L

1270 ZMS = “Féf.98 " #g#ep g~ T em

1280 ZNS = ® gédp.6™ = = 777

1290 Z0% = “B#fé.## FEfe g™

1300 zPs = " Féf. 8"

1310 ZQS$ = "F.## "

1320 ZRS = “#h.% "

1330 253 = ™ £45.8"

1340 ZTS = ™ $88.6 Po884 dFs"

1350 zU$ = “EXPT DATE - *

1360 REM :

1370 REM - READ AND PRINT RAV DATA

1380 REM :

1390 DEFINT 1-N

1400 READ DTS, EX$%, Ci1%, C2%, C3%, WTS-. PHs PC, Tls, T2, N

1410 DIM AX(N,8), BX(N,B), CX(N,8), PX(N,8)», CB(N), CC(N), RA(N).,
SMCNY» SUCNY, TICN)s TTIND .

1420 READ A%X(0,0) :

1430 TIC0) = 01

1440 FOR I = | TO N _ :

1450 READ TICI), AXCIL0), AXCIL2), AXC(IL1Y, AX(1,3), AX(CI,4), AX(IL5)
AX(C1,6), AXC1,8), AXCIL7) ) ) :

1460 NEXT 1

1470 CA = AX(0,0) * .939



1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
178 0
1790
{800
1810
1820
1830

1840
1850
1860
1870
1830
1890
1900
1910
1920
1930
1940
1950
1960

e o w —— —_— - ~

Table I (cont.)

Al = CA/42 _
CM = (PC * 5086.7)/CT1 + 273.15)
PH = PH * 317/339°

PC = PC * 317/339

PP = PH/PC

H2 = PH/760

TP = PH + PC

CO = PC/760°

PT = TP/760

M= 1

PRINT TAB(32); “RAV DATA®
PRINT TAB(32); “===we-n- -
PRINT A
PRINT ZUS$3; DTS : PRINT
PRINT z0$; EX$ = PRINT

PRINT Z1$; Cl1$% PRINT TAB(Ci13)3 C2% : PRINT TAB(13); C3S%

PRINT T '

PRINT Z2%; WT$ : PRINT

PRINT USING 23%5 T2

PRINT USING z4%3 TP, PT

PRINT USING 25%5 PP

PRINT Z6% : PRINT

OW M GOTO 1710, 1940, 2420

PRINT USING 2735 TI

PRINT USING Z8%:; PH, H2

PRINT USING z9%; PC., CO

PRINT ¢ PRINT : PRINT

PRINT TAB(35)3 "RAW PEAK AREAS*

PRINT ZA$S : PRINT " (MIN)";

PRINT ZB$3 z2Cs -

PRINT ZD$3 ZE5 : PRINT

PRINT USING ZF$3 TI(0), AX(0,0)3

PRINT ZG$ : PRINT"

FOR I = | TON

PRINT USING ZF$3 TICI), AX(1,0)3

PRINT USING ZHS$3 AX(I, 1), AX(C1,2)s AX(1,3), AX(1,4), AX(1,3)»
AXC(1,6)s AX(ILT7)s AX(ILB

PRINT | T |

NEXT I

FOR I = § TO 10 : PRINT : NEXT 1

REM B

REM - CALCULATE MICROMOLES AND RATES OF CHANGE OF EACH COMPONENT

REM =~ =~

AXC0,0) = CA -

PRINT TAB(C20)3 Z1$ : PRINT TAB(20); ZJ$ : PRINT

M =2

GOTO 1620

PRINT ZK$5 ZL$S : PRINT

PRINT TAB(27)>; "MICROMOLES OF EACH COMPONENT®

PRINT ZAS 3 PRINT * "(HRS)": 2Bs; ZCs



° ' Table I (cont.)

1970 PRINT ZD$; ZE$S : PRINT
1980 IF K 2 GOTO 2200

1990 B = 1 T
2000 FOR I '= 0 TO N

2010 F = B % CM/AI

2020 AX(I1,0) = (AX(I,0) * F)r42!
2030 AX(I,1) = CAX(1l,1) ¥ .F)/48!
2040 AXC1>2) = (AX(C1,2) # F)/35.7
2050 AX(CI»3) = (AX(I,3) * Firsa8!
2060 AX(l,43 = (AX(Ll,4) * F)/51.2
2070 AX(I,5) = CAX(1,S5) * F)/64.+5
2080 AX(1,6) = (AX(1,6) # F)I/64+5
2090 AX(1.,7) = (AX(I,T) # F)/85!
2100 AX(I1,8) = (AX(I.,8) ¥ P02

2110 TICIY = TIC1)/60

2120 PRINT USING 2M$3s TICI), AX(I1,0)3;

©130 PRINT USING ZN$; AX(I, 1), AX(I52), AX(I,3)» AX(I,4)» AX(I;S);
AX(1,6), AXCIL7)s axel,g) B

2140 B = B+ 4+5E-03

2150 NEXT I .

2160 PRINT : PRINT

2170 PRINT TAB(25)5 “COMPONENTS RATE OF CHANGE (2/HR)"

2180 K = 2 T

2190 GOTO 19680

2000 PXC1,0) = (100 # C(AX(C1.0) - AK(O;B)))/(AX(O;O) ® TICD)

2010 PRINT USING. ZM$: TICI)» PX(1,003

2220 PRINT ZGS3

2230 FOR 1 = 2 TO N

2240 FOR J = 0 TO 8 -

2250 IF AXCI-!;J) <= 0 THEN GOTO 2260 ELSE GOTO 2280

260 PXC(I,J) = 0!

2270 GOTO 2290 .

2280 PX(ls,J) = (100 * CAXCI,J) = AX(I=-1,J)))/CAX(I~1,J) ®
CCTICIY < TICI-1)))D : o I )

2290 NEXT J : o

2300 PRINT USING ZMS$; TICI), PX(1,0):

2310 FOR J = 1 TO 8 T " :

2320 PRINT USING ZN$3 PX(I.,J)3

2330 NEXT J,1l

2340 FOR I = 1| TO 11 @ PRINT 3 NEXT I

2350 stop

2360 REM , . ' :

2370 REM - COMPUTE MOLE PERCENTS AND CONVERSION PARAMETERS

2380 REM =~ - ’ T T T

2390 M = 3

2400 PRINT TABC20); zIS : PRINT TAB(20); ZJ$S - ¢ PRINT

2410 GOTO 1620 :

2420 PRINT ZK$5 ZL$ : PRINT

2430 PRINT TAB(12)3

2440 PRINT "~ MOLE PERCENTS OF CARBON=-CONTAINING 7i

-0 -



Table 1 (cont.)

2450 PRINT *“PRODUCTS IN GAS PHASE -*

2460 PRINT ®“REACTION®

2470 PRINT *"TIME (HRS) co2 CH4 C2Ha C2H6 CaHs6 "3

2480 PRINT “C3H8 =~ (C4°’S =~ C5+" - T - i}

2490 PRINT "~e==me=adia’ cacea ' Taaa ———— - ———— -3

2500 PRINT "wweew  wdee " T emaa™ "

2510 PRINT =~~~ T TtT

2520 TT(0) = AX(0,0)

2530 FOR I = | TO N~

2540 TTCI) = AX(CI1,0) + AX(CI,1) + AX(CI,2) + AX(I,3)*2 + AX(l,4%2 +
TAX(1,5)%¥3 4+ AX(I1,6)%3 + AX(ILT7)Y®4 + AX(1,8)%5

2550 CB(I) = (100 * TTC(I))/CH4 .

2560 CCCIY = (100 * (TTCI) - AX(I,0)))/CM

2570 SUCIY = (AXC1s1) + AX(I,2) + AX(I,3) + AX(l,4) + AX(I1,5) +
AX(I1,6) F AX(ILT7) + AX(I1,8)>/7100° :

2580 RACI) = C((TTCIY = AX(I,0)) = (TTCI=1) = AX(I-1,0))3)/
CTICIY = TIQI-1))° ) o R

2590 FOR'J = | TO 8~ °°

2600 BX(I,J) = AX(1,J)/SUCI)

2610 NEXT J° T T

2620 PRINT USING Z0$; TICI)> BXC(l,1)3

2630 FOR J = 2 TO § oo T

2640 PRINT USING ZPS; BXCI,J)3

2650 NEXT J,1 ” :

2660 PRINT : PRINT : PRINT

2670 PRINT * ~==-- MOLES PER 100 MOLES OF GO CONVERTED =----< =

2680 PRINT "REXN™3; TAB(62)3 "RATE % C"~ U

2690 PRINT "TIME CO2  CH4 C2H4 C2H6 C3H6 C3HB C4’s C5+

2700 PRINT "% CO MMOL MASS™ ’ i

2710 PRINT "(HR) (X1) (X1 (X2) (X2) (X3 (X3 X4 (X"

2720 PRINT "  CONV  /HR ~ BAL.* ° .

2730 PRINT ®==wu= "; T

2740 FOR I = [ 'TO8 : PRINT " ===="; : NEXT I

2750 PRINT " ~c =~ emea ====" "¢ PRINT '

2760 FOR I = | TO'N B

2770 SM(I) = BX(I,1) + BX(I,2) + BX(I,3)*2 + BX(I,4)%2 + BX(I;S)*S
+ BX(I,6)%3 + BX(I,7)%4 + BX(1,8)%5

2780 G = 100/SMCID

2790 CXCI,1) = BX(I,1) * G

%05 CX(IJQ) = BX(I;2§ * @G

2810 CX(1,3) = BX(1,35 # G * 2

2820 CX(1,4) = BX(Il.,4a) % G * 2

2830 CX(I,5) = BX(I,5) # G % 3

2840 CX(I,6) = BX(l,6) % G * 3

2850 CX(1,7) = BX(I.7) % G * 4

2860 CX(1.,8) = BX(I.,8) * G # 5

2870 IF TICI)Y >= 10 THEN GOTO 2900 ELSE GOTO 2880

2880 PRINT USING z2Q$%$5 TICI)3

2890 GOTO 2910

2900 PRINT USING ZRS; TICI):

- 10



2910
2920
2930
2940
29590
2960
2970
2980
29990
3000
3010
3020
3030
3040
3050
3060
3070
30890
30910
3100
3i10
3120
3130
3140
3150

3160
3170
. 3180
3190
3200
3210
3220
3230
3240
32590
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
33170
3380
3390

REM -~ PLOT QONVERSION AND PR?DUCT DISTRIBUTION DATA

PRINT

Table I (cont.)

CC(IY), RACI)», CBCI

NEXT 1

$ée ¥ Bhe#

= fe #8 HRS/DIVISIQN'

= ##.4# HRS"
TAB(25); "PERCENT .CO CONVERSIQN?

CC(NY/6, 2%CC(NI/6»

S®=CC(NY>/6, CCOCN)

2

TAB(24)3 "1"3 TAB(36)5 "1"

TABC70)5 "1*®

PRINT *-%3 '3

NEXT 1

FOR J = 1 TO 8

PRINT USING Z5%; CX(1,J)’
NEXT J

PRINT USING ZTS:

NEXT 1

FOR 1 = 1 TO 12 :
stop )

REM

REM

AS = “#F.¥ £Fe &
B$ = “##;# #fo#u
C$ = *TIME AXIS

DS = "LAST TIME

PRINT

PRINT : 'PRINT *0%; TAB(l0)3
PRINT USING AS

PRINT USING BS3

PRINT "1™ TABC12);
PRINT TAB(60); =1%;
ORI = 1 TO 7271t

FOR 1 = 1 TO N

Y = INTC45 ® (TICI) = TICI~I1X)/TICN) + «35)
INTC70 ¥ CCCIDZCCCN) "+ 5% 7~

Z-=

IF 49 * (TIC1) J_TI§¥415)/TI(N) < «5 THEN GOTO 32690

ELSE GOTO 3160
IFY < 3 THEN GOTO 3190 ELSE GOTO 3170
FOR L =1 TO Y-1 ~ . T -

PRIN

1F CCC1Y > CCIN)

IF CCCIY < 0! THEN GOTO 3230 ELSE GOTO 3210
PRINT “I®™; TAB(Z); ®%"} TAB(71)3 *1* ~
GOTO 3250 } T T

PRINT "I -"3 TAB(71); *I~

GOTO 3260 o T

PRINT ~I +%; TAB(71); "I"

NEXT 1~ ' T T

PRINT "I%; TAB(71>; °I"

FOR 1 = 1 TO 72 i _PRINT "-%"; : NFXT I
PRINT : PRINT ' -

PRINT USING €33 TI(N)Y/45

PRINT USING D$; TIC(ND

FOR I = 1 TO 12 ¢ PRINT : NEXT 7

AAS = “I111°TO ##*%= = (02" :

ABS = “x##% TQ XXXX = CH4"®

ACS = "XXXX TO6 0000 = C2°3"

ADS = 0000 TO +3*%% = (3?s°*

AES = "+3+%+ TO III1 = Ca%"”

E$ = "CONVERSION AXIS = #.§# PCT/DIVISION"™
F$ = "LAST CONVERSION = #8.# PCT" T

T

“1"; TAB(

1
7135

"I

¢t NEXT L

- 11 -

THEN "GOTO 3250 ELSE GOTO 3200

PRINT

PRINT

.
7

3*CCINY/ 65 4FCCIN)/63

TABC48);

- L}
193



3400
3410
3420
3430
34490
3450
3460
3470
348 0
3490
3500
3510
3520

3530

3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
378 0
3790
3300
3810
3820
3830
3840
3850
3360
3870

Table I {cont.)

PRINT TAB(CI3): “CUMULATIVE MOLES PER 100 MOLES OF CO CONVERTED®
PRINT T T - B

PRINT ™=0%; TABCiS5)3 “20%; TAB(29)5 =403 TAB(43)3 "60%;

PRINT TAB(S57)3 "80%3 TAB(69)3 "100"" T -

PRINT "I1%; TABCIS)F *"t!%; TAB(29)3 “1%;5 TAB(43); *!";

PRINT TAB(57)3 ™!"; TABC70)3 '™1* "~ T T

FOR I = 1"'TO 72 "% PRINT "-%3 "¢ NEXT 1 : PRINT

FOR I =1 TO N ) T i

A'= INTC45 % (CCCI) - CCCI-1))/CCC(N) + .5)

Bl = INT(70 #* CX(I,13/100 + <5)°

B2 = INT(70 ¥ (CX(I,1> + CX(1,2>)/7100 + 5>

B3 = INT(70 ¥ (CX(CI,1) + CX(I,2) + CX(I,3) + CX(I.4)>/108 + -5)

B4 = INT(70 #* (CXCL,13 + CX(1,2) + CX(1,3) + CX(I,4) + CX(I,5) +
CXCI,63)7100 + «5) Co - T i Too

IF 40 % (CCCI1> - CC(I-1))/CCC(N> < «5 THEN GOTO 3590

" ELSE GOTO 3540 "~ - T . - T

IF A < 3 THEN GOTO 3570 ELSE GOTO 3550

FOR L =1 T0 a-1 ~

PRINT “I*; TAB(71>3 "l*® : NEXT L

PRINT "I%; TAB(B1): ™#%™; TAB(B2); "X"; TAB(B3); *“0";s
PRINT TABC(B4)YS ™+%"; TAB(71)3 1= ~ ~ T TTT
NEXT 1 ) T T T
PRINT *"I®; TAB(71>5 *1I"
FOR I = 1 TO 72 i PRINT *-"3; ¢ NEXT I ¢ PRINT
PRINT : PRINT )
PRINT USING E$3 CC(N)/ 453

PRINT TAB(50); AAS ~ ~

PRINT TAB(S03; ABS$

PRINT USING F$3 CC(N):

PRINT TAB(50); ACS

PRINT TAB(50);5 ADS

PRINT TAB(50); AES

FOR I = | TO 12 : PRINT : NEXT I

PRINT FRE(0)}3 " BYTES FREE IN B-28K VERSION®
PRINT : ~'PRINT ‘

END

REM

REM

REM - DATA STATEMENTS START AT NUMBER 5000.
REM

REM - FIRST
REM = SECOND
REM = THIRD
REM - FOURTH
REM = FI!FTH
REM =~ SIXTH
REM = SEVENTH

EXPERIMENT DATE CIN QUOTES).

EXPERIMENT RUN AND SERIES NOMBERS (IN QUOTES).
FIRST LINE OF CATALYST DESCRIPTION (IN QUOTESY.
SECOND LINE OF CATALYST DESCRIPTION (IN QUOTESY.
THIRD LINE OF CATALYST DESCRIPTION (IN QUOTES). '’
CATALYST WEIGHT AND COMMENTS CALL IN QUOTES). ~
INITIAL H2 PRESSURE (IN TORR)s INITIAL €O PRESSURE

REM (IN TORR), ROOM TEMPERATURE (DEG C), REACTION TEMP-
REM ERATURE ¢(DEG C), TOTAL NUWBER OF SAMPLES (NOT IN-
REM CLUDING T = D). ) :

- 12 -



388 0
3890
3900
39190
3920
3930
3940
3950
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
51380
5140
5150
5160

5170

5180
oKX

REM =

REM -

REM
REM
REM
REM
REM -~

REM

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAT A
DATA
DATA
DATA
DATA
DATA
DATA
DATA

Table I (cont.)

AREA OF CO PEAK AT T = 0.

REACTION TIME (IN MINUTES), FOLLOWED BY PEAK AREAS
OF CO, CH4, CO02, C2H4, C2R6, C3H6, C3HB, CS+, AND
Ca’s., IN THAT ORDER. ’ | ' )

EIGHTH
REST

o e

BEGINNING OF DATA STATEMENTS

*NOVEMBER 13, 1977"

"SERIES 2, RUN [-A"

"COBALT ON KIESELGUHR. DOUBLY-PROMOTED (CO : THOZ2 : MGO "
"KIESELGUHR = 3le4 : 1497 : 3.8 : 63.0 WTr2d; REDUCED IN HZ"
"FOR 3 HRS AT 400 C» THEN EVACUATED FOR 16 HRS AT 300 C-"
"0.01 G TOTAL®

500, 250, 26-4: 225; 11

.730833 -

15:663020;953:155:170:142356410J3503150
30:647825)2045:2&2;222:370:926)0)300;479
60,635807,4317,416,226,83151700,456,2769,1714
90,614573,6448,574,245,123752224,873,4371,3066
120,590928,8518,727,250,1686,2624,1179,5583,3908
180,555641,12581,1018,262,2499,3295,2126,7523, 5406
3315502125,21972, 1695,268,4360,4174>4660,12143,9232
420:465978)27052:2085:272:5338:4405&6100;13776:11095
540:421535:3355612589)300:6638:4489)7891}16794:13274
983, 314392:53823;4291:294:10573;4767:13781)24131:19907
1080:296024)57366:4614:3183l1133a4778114852;25338:21333

- 13 -



Table I (cont.)

RAVW DATA
EXPT DATE -~ NOVEMBER 13, 1977
EXPT. NO. - SERIES 2, RUN l-A
CATALYST = COBALT ON KIESELGUHR., DQUBLY-PROMOTED (CO : THOZ2 : MGO :
" KIESELGUHR = 31«4 2 1.9 : 3.8 : 63.0 UT2); REDUCED IN H2
FOR 3 HRS AT 400 C, THEN EVACUATED FOR 16 HRS AT 300 C.
WEI GHT - 00! G TOTAL
REACTIQN TEMPERATURE = 225 C
INITIAL TOTAL PRESSURE = 701 TORR .(8.92 ATM)
INITIAL H2/C0 RATIO = 2.0
REACTOR VOLUME ) = 339 CC
ROOM TEMPERATURE 26.4 C

INITIAL H2 PRESSURE
INITIAL CO PRESSURE

4676 TORR (0.62 ATM)
2338 TORR (031 ATM)

RAW PEAK AREAS

REXN TIME .
T(MIND co co2 CH4 C2H4 C2He6 C3H6 C3H8 Ca’s C5+
.0 730833 - - -- - -- -- - ==
15{0 668020 155 953 !70 142 564 0 !50 350
30.0 647825 242 2045 222 370 926 0 479 300

60.0 635807  4l6 4317 226 831 1700 456 1714 2769

90:0 614573 = 574 6448 245 1237 2224 8§73 3066 4371
|
| 120.0 590928 727 8518 2580 1686 2624 1179 3908 5583
180.0 555641 ‘1018 12581 262 2499 3295 2126 5406 7523

331.8 502125 1695 21972 268 4360 4174 4660 9232 12143
420.0 465978 2085 27052 272 5338 4405 6100 11095 13776
540.0 421535 2589 33556 300 6638 4489 7891 13274 16794

983:0 314392 4291 S3823 294 10573 4767 13781 19907 24181

1080.0 296024 4614 57366 318 11183 4778 14852 21333 25338




Table I (cont.)

FISCHER=-TROPSCH REACT;ON RESULTS

EXPT. NO. - SERIES 2, RUN !-A

CATALYST - COBALT ON KIESELGUHR., DOUBLY-PROMOTED (CO : THO2 : MGO

; " KIESELGUHR = 31.4 : 1.9°: 3.8 : 630 WT2%)5 REDUCED IN H2
FOR 3 HRS AT 400 C, TREN EVACUATED 'FOR 16 HRS AT 300 Co’

WEIGHT - . 0.01 G TOTAL -

REACTION TEMPERATURE = 225 C

INITIAL TOTAL PRESSURE = 701 TORR (0.92 ATM)

INITIAL H2/CO RATIO = 2.0 oo )

REAGTOR VOLUNME ) = 339 CC

Gt memi e v A s er s e me@s s s i w 4t s mi e @2 o - Be @ Se we @s $e ®c As ws me Eeome

MICROMOLES OF EACH COMPONENT

P T I T TP S P
Fats

REXN TIME _ : _
"C(HRS) co coz2 CH4 C2H4 Cc2He6 C3H6 C3H8 ca’s " C5+
0.00 424543 0.0 0«0 0.0 0.0 0-0 0«0 De 0 0-0
0.25 415141 0.8 7.0 -0e9 0.7 2J3 0.0 05 09
050 - 40434 6 13 1540 1.2 1.9 3.8 0¢0 175 0<8
1700 398643 2.3 31.8 102 473 69 1°9 5¢3 7.1
1s50 387043 3.2 4748 lea 6 4 9. 1 3.6 95 1173
2,00 37378 40 6304 o4 8¢ 7 168 4°9 - 12J2 14+5
3.00 3530. 1 5¢ 7 9448 1«5 13,0 13.6 8.8 170 197
5,52 3204.1 9.5 16449 175 2248 173 1974 29,1 3179
7.00 2086+.4 1157 20450 15 28« | 1844 2545 35 1 36¢4
9.00 - 2713.3 146 25441 1«7 350 18.8 33.1 42¢2 4455
16038 20324 243 4093 1.9 56e 1 2071 5840 63,6 644
18.00 19219 262 438.2 1.8 59+ 6 20.2 62+ 8 68.4 67 7

COMPONENTS RATE OF CHANGE (%Z/HR)

EXN TIME T - ot T =
"CHRS) co co2 CH4 C2Ha C2He C3H6 C3H8 C4’S Cs+
0.25 “8.9 == - - - - LI ~-- -
0.50 -10. 2273 462.2 124s7 6469 259.7 ""0s0 883.1 =-55.6
1:00 ‘-2 8 14543 22441 45 25152 168+8 ‘0D 5188 165402
150 =5 772 100c1 . 1748 99¢ 0 62¢8 1846 1593 1171
2,00 =6s8 S54¢4 65¢4 5S¢0 - 73.8 3740 71¢3 564 1 564+ 6
3,00 =S4 4046 4803 5¢3  48.9 261 8141 38¢9 35,3
5.52 . <37 2657 3040 151 29.9 108 479 - 28c4 24847
7400 <46 1549 1559 13 155 4¢ 0 2172 1450 9% 4
9,00 <446 1204 123 5¢4° 1274 1s2 15.°8 1041 1152
1638 =3 9.0 "8s3 ~0s2 Bel- 0.9 1062 649 6+ 0

=34 449 4¢ 4 5¢3 3.9 0ol ALY 3 3.2

18.00

- 15 -~



Table I (cont,)

FISCHER-TROPSCH REACTION RESULTS

EXPTS NO. = SERIES 2, RUN 1-A

CATALYST =~ COBALT ON KIESELGUHR, DOUBLY-PROMOTED (CO : THO2 : MGO :

’ " KIESELGUHR = 3f.4 : 1.97: 3.8 :763.0 YT%)3; REDUCED IN H2
FOR 3 HRS AT 400 C., THEN EVAQUATED‘FQR 16 HRS AT 300 q:‘

WEIGHT - 0301 G TOTAL

REACTION TEMPERATURE = 225 C

INITIAL TOTAL PRESSURE = 7081 TORR (0.92 ATM)
INITIAL H2/C0O RATIO = 2.0 '
REACTOR VOLUME ) = 339 CC

D s D - . S We P T Y P WGP P WD UP MR R N e G G G Eh DS W A G AN S S S G S D G B Wb W G S Y N D SR D WS I D SR S aY @S an W6 6B R

P
LR - wa @ 4 e mh s mr ey B mr @ ¢ = @ wr ¥h e we M & Ac @ e M% we me ac d° @ BN @7 At 44 @0 @1 @e B Os pr B @1 40 Av SF AT o an e

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

REACT 10N

TIME C(HRS) coz. CH4 C2H4 Cai6 C3H6 C3HS8 ca’s C5+
0.25 6e 4 53.2 7.1 S5 17« 4 0.0 3.5 6.8
0.50 5¢2 59+ 0 48 7.4 14,8 . 0s0 5.8 3.0
1700 3v7 523 2.0 740 [174 3.1 87 1147
1.50 374 51<8 1<5 69 9.9 3.9 10.3 12:3
200 374 52.8 1<2 743 9.0 448 1002 1241
300 3.3 5443 0.8 745 7.9 Se 1 ‘98 1.4
5.52 3.2 556 0.5 7.7 5.9 65 9.8 10.8
7+ 00 3.2 5646 04 7.8 5.1 741 9.7 1061
9. 00 3.3 57.2 0.4 7.9 4.2 Te4 95 1000
16538 3.5 58¢7 0e2 8.0 2.9 83 A | 9.2
1800 3.5 58.8 0. 2 8.0 2.7 8+ 4 9.2 9+ 1

==-== MOLES PER 100 MOLES OF CO CONVERTED ==w===
REXN U - PAt i e ee RATE 2 C
TIME co2 CHa C2H4 C©C2H6 C3H6 C3H8 C4°S OS5+ X CO MMOL MASS
(HR) (X1 (XD) (X2) «(X2) (X (X3 (X4 (XS CONU /HR BAL.

- - . -
— - o - or = - .. .- - - - ama e - - - - - - an e e - an ay o= —m--

6.25 3.5 28.7 7.6 6.0 28.2 0.0 7 6 18+ 4 0.6 97 98
0.50 3.0 34.4 5¢6 8.7 25.9 8.0 13.6 8.8 te 0 77 96
1«00 1.8 24.8 1.9 646 1642 43 1645 27.8 3¢90 170 87
<50 1«6 2440 lea 64 1357 54 19,1 2864 a7 142 96
2400 16 2477 1.1 68 127 5¢7 19J1 28.4 6+ 0 114 94
3:.00 1¢6 26.0 0.8 7¢2 113 7-3 187 27.2 8¢5 106 92
5.52 1.6 27.1 0e5 7.5 8¢5 9.5 191 2662 143 98 990
7«00 1«6 28.0 0.4 7«7 7.6 105 193 2449 172 81 88
9.00 16 28.6 04 7.9 6+3 11«2 1940 25¢0 20.9 80 85
16. 4 1.8 3641 0.2 g2 44 12J8 1807 2347 32.0 64 80
!330 1{8 30{2 0.2 82 4.2 13<0 18.9 23«4 '34€1 58 79

- 16 -



PERCENT CO CONVERSION
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CGUMULATIVE MOLES PER 100 MOLES OF CO CONVERTED

0 20 a0 60 80 [00
1 i t 1 ! !

1« X " 1} + 1
b3 - 1
1 1
i* X 0 + 1
1+ X 0o~ + 1
1% X 1) + i
1 B 1
1 1
1% X ) + 1
I B 1
1 1
I 1
1 1
1 1
I 1
1 1
I* X 0 + 1
1 B 1
1 1
1 1
is X 0 + 1
1 - 1
1 1
1 1
1 1
I® X o + 1
1 1
1 bt
1 1
I 1
I 1
1 1
1 - 1
1 I
1 1
1 i
1 1
1 1
1 1
1 1
1% X 1] + 1
1 - 1
1 1
I* X 0 + 1
1 - 1

T G Y P D T S D A P U B R T G AR AP P S A5 A A ¢ S R S VD B OW OR TR G WD G5 S GD D OB G ED GD GD BB 4B N GD WO %R UR G0 6h ED U W AL R 46 On @ 9B 5P e A

b e A A A A @ amsioi4c 0w 4100 o a Gr @ me e B Mr S B BL S @c @ B S0 0% Be B- @ #3 $s B W BT FL EN S3 B 8 S0 Ho 4n Es o

CONVERSION AX1S

= 0.76 PCT/DIVISION 1111 TO *=2% = (02
sans TO XXXX = CH4
LAST CONVERSION = 34.1 PCT XXX 10 0000 = ¢€2°’S
0000 TO #++%+ = 0$32S
- 18 - %33 TO 1111l = Ca+



EXPT. NO.

CATALYST

WEIGHT

REACTION TEMPERATURE
INITIAL TOTAL PRESSURE
INITIAL H2/C0 RATIO

Table II

FISCHER-TROPSCH REA?TIDN RESULTS

- . v S A A D MR R m R S ) W G S WD D G e WD EE N W WS AN et W

SERIES 1, RUN I-A

COBALT-GRAPHITE (3.4 WTZ CO)s

NO. 896505
UATED FOR 16 HRS AT 300 Ce.

0.50 G TOTAL

REACTOR VQLUHE

un o nn

251
701
2.0
339

c

UVEN TRON CORP. °“GRAPHIMET*

TORR (0.92 ATM) .

CceC

PRETREATED IN H2 FOR 3 HRS AT 300 C, THEN EVAQ-

- s e S D G WS M S M WP S AW A SR R GO EE D YR WS R I UE S A b G WD TR W T G G G ) W GR a a as o Y L L W N T P PR

REACTION

TIME (H

1. 00
2:00
2J50
4,00
9+75
1208
21-33

REXN
TIME
(HR)

RS)

coz2
(X1

1.00 100-0

2:00
250
4.00
975
12 1
21.3

13.°4
119
8- 0
5¢'5
5¢2

4:9

- MOLE PERCENTS OF CARBQN-CQNTAINING PRQDUCTS-IN GAS PHASE =

MOLES

CH4
(XD

" 0.0
603
62- 6
549
500
4608
4470

CH4

"0 0
6904
717
699
69-3
676
664

2H4 C2H6

C3H6

AEbbU0Oooco
. v « 9., [ »
oVwwWwUnooo

L

PER 100 MOLES OF CO CONVERTED

C2H4
(x2»

- - -

— s

MU&?NQO
HONoUI Vo

(0,0,

«%,0,0,

G2H6
(X2)

0-0
131
1380
11-6

113

11¢1

1ileaq

C3H6 C3HS

(X3 X3
0-0 0.0
00 050
00 0<0
gs2 943
115 8.9
1062 10.2
759 107

- 19 -

C4-’s
(X4

e,0,0,0,90,8
C,)O-.(JQQQO

oNUooOe .

) 0,

C

upoooo
i9,0,0,06,0,0,0

WhwNoooo

mJ:&-Ftoc:a
F Y B W e W I ]

3H8

o, 0, e, o,

CQNV

0,0

9,0,0,80,

b= OoOCO
NN VBP e

cs+

Ca’s
. 0.0 0.
050 05
00 0
00 0<
1;8 0'.
. 2e5 1o
3.9 2:
RATE .2 C
MMOL MASS
/JHR  BAL..
1 99
7
5 98,
g8 96
8 96
10 98,
9 92




EXPTe. NE_J-_ -

CATALYST

WEIGHT

REACTION

REAGTION
TIME (HRS)

1.00
2. 00
300
4400
5«00
12450
24.00

REXN
TIME
(HR)

.00
2.00
3.080
4400
5.00
12.5
2440

TEMPERATURE
INITIAL TOTAL PRESSURE
INITIAL H2/C0 RATIO
REACTOR VOLUME o

Table III

F1SCHER-TROPSCH REACTION RESULTS

R R R N Ll L T T T TN

SERIES 2, RUN -4

COBALT=-GRAPHITE (3.4 WTZ CO>5; VENTRON CORP. ‘GRAPHIMET’
NO. 896507 PRETREATED IN H2 FOR 3 HRS AT Sﬂﬂ'go THEN EVAFf
UATED FOR 16 HRS AT 300'§.

0.50 G TOTAL

250 C
701 TORR (0.92 ATM)
2.0 i "
339 CC

-~ MOLE PERCENTS OF CARBON-CONTAINING PRQDUQTS IN GAS PHASE -

ca2 CH4 C2H4 C2Hé6 C3Hé C3H8 C4°s C5+
6.1 57.5 3.8 9.8 6.6 5.7 6s 9 He 4
5¢7 601 2.8 9.6 53 7.0 5.5 3.9
53 59+ 0 241 9.7 448 8.2 65 4¢3
5.2 59.9 1.7 10.2 4q 1 847 5.8 4. 4
51 59.3 <4 10.3 4¢3 8¢9 5.9 4.9
Se4 58.8 ge6 11+0 2.0 107 6.5 S.1
6+ 0 57«7 0.3 113 1e2 1147 6.6 53
MOLES PER 100 MOLES OF CO CONVERTED ==---
-7 ) ) - e RATE X C

CH4 C2H4 C2H6 C3H6 C3H8 C4°’S CS5+ % CO MMOL MASS
CXl? (X2) (X2)> (X3 X3 (X&? (X5 QQNV /HR BAL. .

32.8 He 3 102 11.2 9. 8 157 125 0.9 40 98
35.5 33 113 9.5 12+4 13<1 1Is5 1.9 43 98
33.8 274 1141 8e2 142 149 1244 301 49 98
34.8 1¢9 118 741 15J2 1376 12.6 448 ai 97
339 <6 {17 74 1572 13.4 {379 5.2 49 97
33.3 0-7 1274 374 182 14°7 laca 1274 al 93
32¢4 0ed 1207 2.0 19.6 148 14.8 214 33 g9

- 20 -



Table IV

FISCHER-TROPSCH REACTION RESULTS

T L L e T T R T L N

EXPT. NO. - SERIES 3, RUN 1-A

CATALYST = COBALT ON KIESELGUHR (39 WTZ CO>; HARSHAW CHEMICAL CO. NO.
C0-0127; PRETREATED IN HYDROGEN FOR 8 HRS AT 400 C, THEN
EVACUATED FOR 16 HRS AT 300 C.

WEIGHT - 0.10 G TOTAL

REACTION TEMPERATURE = 250 C

INITIAL TOTAL PRESSURE = 781 TORR (8.92 ATM)
INITIAL H2/CO RATIO = 2.0 '
REACTOR VOLUME = 339 CC

- S e T N S S Sy ) S N M D WD D W T PR M A G D P R S e G b AN D G A GP D D G G G5 TP WD A MR D GE e @A Gx G b S ED SD ED WE WS N T D S TS T WD ED ER N A e e e

- MOLE PERCENTS OF CARBQN-CQNTAINING PRODUCTS IN GAS PHASE -

REACTION

TIME (HRS) coz CH4 C2Ha C2Hé C3H6 c3Hs C4°s CS+
0«25 8.0 -73e { 0.7 7.9 3.6 3.9 1.9 0.9
0.50 5.2 7542 6.4 8. 0 2.0 448 3.0 1.4
100 440 777 0.2 B« 0 0.9 5.1 2.8 1«2
150 3.7 78.8 0.1 749 0«6 5.2 2¢5 1.2
2.00 3.6 79«4 0.1 7.8 0. 4 5.2 2.3 - 1.2
400 3.8 - B0e7 p. 0 75 0.2 4.7 2.0 19

--~~ MOLES PER 100 MOLES OF CO CONVERTED ===--
REXN : T T e "RATE % C

TIME coe CH4 C2H4 C2H6 C3H6 C3HB8 C4°’S C5+ % CO MMOL MASS.
(HR) {Xl) (X1) (X2) (X2) (X3) (X3 X& X3 GQNV /HR BALi—

- - - - - - cw - - - - - - - - -—--- - - - - .- -

0.25 600 S4.9 1ol 11e8 842 8e7 5¢8 3e5 4.4 748 100
0:50 38 55.0 055 1157 474 106 8¢9 541 9.0 783 96
1500 3:0 58:2 043 1250 2701 115 8/5 475 1657 664, 95
150 2.8 596 0.2 1250 153 1159 746 46 23.7 592 95
2700 2.7 606 0J1 1159 170 118 751 47 2948 525 95
3:01 2.8 6254 01 1159 0.6 114 .66 42 3978 424 96
400 3.0 6352 0.1 118 055 110 643 4l 471 314 96




Table V

FISCHER-TROPSCH REACTION RESULTS

EXPT. Nq. - SERIES 1, RUN 1-A

CATALYST =~ COBALT-GRAPHITE (6.2 WTZ CO)>; PREPARED BY REDUCTION OF
COCL2-GRAPHITE WITH NABH4 FOR ! HR AT 100 C.; PRETREATED
IN H2 FOR 3 HRS AT 300 C, THEN EVACUATED 16 HRS AT 300 C.

WEIGHT - 0.50 G TOTAL

REACTION TEMPERATURE = 300 C

INITIAL TOTAL PRESSURE = 702 TORR (0.92 ATM)
INITIAL H2/CO RATIO = R2e0

REACTOR VQLUME = 339 CGC

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

REACTION ]

TIME C(HRS) co2 CH4 C2H4 C2Heé6 C3H6 C3H8 GC4°’s C5+
.25 4463 46« 4 He 9 f4e 4 0.0 0.0 0.0 0.0
8«50 30.2 S8. 6 4.9 6.3 0.0 0.0 0.0 0.0
1.00 17.9 65.0 36 78 2.8 2.8 0«0 0.0
1.50 13.9 69+ 10 2.6 8.4 3.2 3.0 0.0 0.0
2.00 12.0 72.2 2.0 8.5 2.2 3.0 0.0 0.0
3.00 10.2 72.6 leg 9.1 1«6 4. 0 1«1 0.0
44090 9.9 7344 B.9 9.0 1.2 4 8 0.8 6.0
S«00 106 7349 0.5 8.9 0.9 4e 2 0.6 0.3

‘2100 15.7 71.8 0.1 Te7 Be 1 3.7 0.7 0{3

---- MOLES PER 100 MOLES OF CO CONVERTED ~=-=-==-

REXN o T ) - - e RATE 2 C
TIME co2 CH4 C2H4 C2H6 C3H6 GC3H8 Ca°’s C5+ %2 CO MMOL MASS
(HR) (X1) (X1) (X2) (X2) (X3) (X3 (X&) (X5 CONV /HR  BAL.

u'25 40.5 42.4

9.0 8.1 0.0 8.0 0.0 0.0 0.1 21 99
0.50 271 52.7 8.8 llea4 0.0 ge0 0.0 0.0 0.2 13 99
I<00 l4¢6 5341 6.0 12.7 6.9 649 0.0 0.0 8ea 19 99
1:50 11¢3 55.9 4.2 1346 7.9 7.2 0.0 0.0 6.6 18 99
2.00 1060 59.7 3¢3 ladl 5¢5 76 4 0.0 040 6.8 1é 100
3.00 8«2 58.0 2.3 1445 3.8 97 3.4 0.0 1.3 19 100
4400 8.0 5941 lea 1445 2.8 117 2.5 00 1.8 22 100
5-00 8.6 60,2 8¢9 146 2.2 10.2 2.0 1«4 2.3 21 99
2It0 132 60.7 0.1 130 0.2 9.3 2.2 1.2 9.0 18 95




XPTe. NO. =

CATALYST =~

WEIGHT

REACTION TEMPERATURE
INITIAL TOTAL PRESSURE
INITIAL H2/C0O RATIO

SERIES 75

COBALT ON
Co-0127;
EVACUATED

Table VI

FISCHER-TROPSCH REACTION RESULTS

- o - g G G WG RS S M R =D W =S W

RUN 1-A

0.10 G TOTAL

REACTOR VQLUME

300 C

702 TORR (0.92 ATM)
2.0 ’ .
339 CC

KIESELGUHR (39 WT% CO0)>; HARSHAV CHEMICAL CO..NO.
PRETREATED IN HYDROGEN FOR 8 HRS AT 400 C.» THEN -
FOR 16 HRS AT 300 C. |

-k W T v A G SR B EP Y A W R D G G B e e G G G GG e e M G MO G O WD AN GE AN SR SR NS YS ED %N T A Nd G SR EA W S SD S5 GG G Sm G AR S Gh D G W G e TS e

REACTION
TIME (HRS)

REXN
TIME
(HR)

g.25
0.52
1400
150

- MOLE PERCENTS OF CARBON-CONTAINING PRQDUCTS IN GAS PHASE -

c02 CH4 C2H4 C2H6 C3H6 C3HS

6ed 90.3 0.1 2.9 0.1 0.3

68 897 00 2.9 041 04

7:9 88.4 01 371 041 0s4

8-:8 870:0 0«1 . D« 2. 0-_5
MOLES PER 100 MOLES OF CO CONVERTED -----

CH4 C2H4 C2H6 C3H6 GC3H8 C4a’s C5+ % CO
(X1)  (X2) (X2) (X3> (X3 ((X& (X5 , CONV.
8649 0el 5¢5 0e4 09 0eD 0.0, 26.2
86s 4 0.1 5«7 0.2 1.1 0.0 0.0 4061
84¢9 01 549 0.2 152 040 00 5109
8278 0.3 641 046 14 B3 01 566

- 23 -

5+

coooo
...I.i.
Tomo o

%z C
MASS -
Bal.

98
98
97
97



EXPTs. NQ. -

CATALYST =~

WEIGHT -

REACTION TEMPERATURE
INITIAL TOTAL PRESSURE
INITIAL H2/C0 RATIO
REACTOR VOLUME ]

REACTION
TIME (HRS)

0. 25
050
1.00
I« 67
2.00
3.00
4402
5. 00
6+ 00

REXN
TIME Coz2
(HR) (X1

0.25 1.9
0«50 24
1. 00 44 6
1.67 5.7
2.00 6+ 3
3. 00 B¢ 7
4. 02 9.7
S.00 10. 7
6.00 117

Table VII

FISCHER-TROPSCH REACTION RESULTS

SERIES i, RUN [-A

1RON-GRAPHITE (1.9 WTZ FE); PREPARED BY REDUCTION OF FECL3-
GRAPHITE WITH NABH4 FOR | HR AT 100 C; PRETREATED IN H2
FOR 3 HRS AT 308 C, THEN EVACUATED FOR 16 HRS AT 300 C.

0.50 G TOTAL

300 C

701 TORR (0.92 ATMD)
2.0

339 CC

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

coz CH4 C2H4 C2H6 C3H6 C3H8 C4’s CS5+
401 39.0 2009 0.0 23-3 ﬂ.(] 8'1 486

5.7 29.8 19.0 3 4 23.8 0.0 10+ 6 7.8
9.5 35.8 13,6 7.2 1948 2.3 6.6 5.2
120 35.6 8.2 97 16. 2 3.0 8.8 65
13.1 35.8 6.5 103 14.9 3.7 9.0 67
165 38.2 4.2 1241 12.5 5.0 7.5 4.1
18.3 38+ 0 2.9 2.4 10.2 547 7.5 4. 8
19.8 38.1 2.4 12.6 847 6+ 3 73 4.7
21.3 38.3 2.0 12.9 7.6 68 6.9 442
MOLES PER 100 MOLES OF CO CONVERTED ==-=--

) ) i -7 o RATE 2 C

CH4 C2H4 C2H6 C3H6 C3H8 C4a’s C5+ 2 CO MMOL MASS
(X1) (X2) (X2) (X3 (X3 Xa X5 CQNV /HR BAL.

18.6 19.9 0.0 33.3 Be 0 15.4 10.8 0.5 93 98
12.8 16.3 2.9 30.6 D0 1843 16+7 1.6 186 97
17«4 (3.3 7.0 28.9 3¢4 12.9 12.6 3.8 i8a g6
17. 1 7.8 9.3 23.3 4e 4 168 15.5 7.8 254 95
17.2 6.2 9.9 21.5 5.4 17.3 16.1 9.6 240 94
20. 1 4¢4 1247 19.7 7.9 15.8 10.7 12.8 137 93
20.1 3¢1 13.2 16.2 9.1 15.8 12:8 168 164 91
20.5 2¢5 13.6 l4.! (0.2 1547 1247 19.5 120 91
21.2 2¢2 1442 12.6 11.2 1542 11.7 21. 4 81 91

- 24 -



EXPTe NOe -

CATALYST -

WEI GHT

REACTION TEMPERATURE
INITIAL TOTAL PRESSURE
INITIAL H2/C0 RATIO

Table VIII

FISCHER- TROPSCH REACTION RESULTS

- e . D D e e e A G AP B ME G MDD MO M G WO MR W GRS M WS EA Gm oAb

SERIES 18, RUN 1-A

IRON=-GRAPHITE (2.2 WTZ FE)J

896543

VENTRON CORP.
PRETREATED IN HYDROGEN FOR 3 HRS AT 300 C,

EVACUATED FOR | HR AT 300 C PﬁlqR TO USE.

6.50 G (AS GRAPHITE)

REACTOR VOLUME

300 C

70! TORR

2.0

339 GC

(0.92 ATM)

*GRAPHIMET * NO.
THEN =~ °

o A D e WD WD ™ e et A W e D MR WS UM s e D AR R e G e G WP S A D M G AR W M O D N NP WP M e e TS A NS D W NR A D 0 G 4D G AR AR GE ED S0 @O AR AR an e

- MOLE PERCENTS OF CARBON-CONTAINING PRQDUCTS IN GAS PHASE -

REACTIO

N

TIME (HRS)

TIME
- (HR)

0.25
.50
0. 75
100
1«50
2,00
3.00
4.090

coz
x1)

S e, 8, 0.0

ook wh
.

—

ca2

Lol I R

RO WNhNooRaO
o

WA= —Q 5w

MOLES PER 100 MOLES OF CO CONVERTED

CHa
X1

15.3
16+ 6
17.2
18.2
195
20.0
204
2043

CH4

E X X

34.4
35.9
36.5

374

38.5
3847
38.3
377

C2H4
(X2)

15.9
4.6

'13;1

12.5
11s2
10.2
9.-3
Be6

CeH4 C2H6

17.9
158
139
128
11«0

C2H6
(X2)

26 7
4.2
Sed
64

O O R
RO

L]
L
[ 2

e, 0, 0 ¢, ,0 o
O RNW-N® 0 -

o N0
VRO U W

C3H6 C3HS8
(X3 (X3
26¢ 1 0.0
244 4 2.8
24.2 2.9
24. 1 3.4
23+0 3.8
22.1 4¢ 3
20.8 3.2
- 25 -

C3Hé6

19.6
179
17. 2
1646
159
14.°9
13.8
12.8

' C4’s
(X4

18.0
19.0
18+ 9
176
16+ 0
1641
15¢5
15.5

*U.5. GUVEKNMENT PRINUING OFFICE: 1978-740-306/4292, Region 4.

c

3H8

C5+
(X5

19.2
1541
4.2

134 .

119
11.2
10.1
i18.6

%2 CO
C?NV

20 1
e ]
5.'9
7.3
945
113
13.8
157

C4’s

-

10. 1
1043
1050
9.0
7.. 9
778
743
772

RATE
MMOL
/HR

353
348
306
2217
189
151
106

C5+

8.6
6¢5
640
5¢5
447
4.3
3.8
3.9

z C
MASS
BAL.

101
100
10l
100
100
100
100
100




SATISFACTION GUARANTEED
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