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ABSTRACT 

Cobalt-graphite intercalates, when used as catalysts for the hydroge- 
nation of carbon monoxide at one atmosphere pressure, ey.hibit a ~arkedly 
different effect of reaction temperature on product distribution in the 
range 200-S00°C than does a conventional kieselguhr-supported cobalt cate- 
lyst under the same conditions. In the latter case, the percentage of all 
reacted CO involved in methane formation increased ~'rom 27% at 200o to 87% 
at SO0°C, while the percentage yielding Cz + hydroczrbons decreased propor- 
tionately =~rom 69% to 7%. Over cobalt-graphite, on the other hand, methane 
accounted for a virtually constant 35% of all reacted CO throughout the 
200-500°C range, while the Cz+C3 olefin/paraffin fraction increased slightly 
from 51% at 200 ° to 41% at 300°~ and C~ ÷ hydrocarbons only decreased from 
50% to 20% of all converted CO at the same 'temperatures. The results sug- 
gest t ha t  i n t e r l aye r  penetrat ion o£ the graphite in t e rca la t e  l a t t i c e  by 
H2/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. OBJECT~'V~ 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 mate1-ials. Specifically, ~.e project is to investigate the 
catalytic activities and selectivitles of novel alkali and transition m~tal- 
gTaphites in producing light [CI-C3) hydrocarbons from H2/CO synthesis gas 
via the Fischer-Tropsch process. 

II. SUMMARY OF PROGRESS TO DATP 

A comparison of actual research progress to date vs. project schedule 
is contained in the "Project Plan and Progress Chart" shown in Pig. 1. In 
our previous Quarterly Report (for the period November i, 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 co~mercially-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 200-500°C, together with a comparison of these properties with 
those o£ a commercial cobalt/kieselguhT 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, Technical details of research 
progress during the past quarter are described in the following sections. 

III. DP~TAILED DESCRIPTION OF TECHNICAL PROGRESS 
.J 

Each experiment described below employed a fresh sample of the cobalt- 
graphite intercalate (Alfa Chemical Co. No. 89650; 5.4 wt% Co), pretreated 
by exposure to excess circulating Hz for 5-4 hrs at 400°C. followed by over- 
night evacuation at 300°C to a residu~l pressure of < 10 -~ torr. All ex- 
periments were performed using the stirred-batch reaction system described 
in a previous report, with an initlal H2/C0 reactant ratio of 2/1 and a 
total initial pressure of 700 tort. 

A. Reproducibility of Catalytic Activity 

Reproducibility of overall: catalytic activity was exsmined for the 
cobalt-graphite intercalate at 250 ° and at S00°C by performing three ident- 
ical experiments at the former temperature and two at the latter, 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 Cony" 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 react ion temperature,' were 
quite reproducible and relatively unagfected by overall catalystic activity 
(Compare, for example, the 9.00 and 6.00 hr samples of Series 5, Run I-A 
and Series 5, Run I-A, respectively, and the 4.05 and 0.50 hr samples of 
Series 6, Run I-A and Series 7, Run l-A). Since a fresh catalyst sample: 
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 Se!ec t iv i ty  

Separate. experiments, each employing a fresh ca ta lys t  sample, were 
performed at 25 ° increments over the reaction temperature range 200-500°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 o£ 5%. (Apart from 
the expected increase in olefin ÷ paraffin transformations, little funda- 
mental change in product distribution occurred ~ith 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 i00 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- 
cated product. 

The highly unusual and unexpected selectivity behavior of the cobalt- 
graphite i, tercalate 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. 5. Although the amount of carbon dioxide 
produced, primarily via a water-gas shift process, is similar and ~elatively 
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 C2 + hydrocarbons 
decreased correspondingly from 59% to only 7%. In "particular, the C~ + 
hydrocarbon fra,'tion accounted for 55% of all converted CO at 200 °, but 
had decreased to < 10% at 250 °, and was entirely absent at SO0°C. This 
overall behavior is typical of that normally observed over suppb~ted, un- 
promoted cobalt catalysts in this temperature range. 

The outstanding and atypical selectivity feature exhibited by the 
cobalt-graphite i n t e r c a l a t e ,  on the other hand, is  the re la t ive  i n sens i t i v -  
i t y  of product distribution to reaction temperature va2iations. Methane 
accounted for a virtually constant 55% of all converted CO over the entire 
temperature range investigated, while the Cz+Cs olefin/paraffin fraction 
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increased slightly from 51% at 200 ° to.41% at 500°C, and'C~ + hydrocarbons 
only decreased from 50% to 20% of all converted CO over the same temperature 
range. 

This unusual behav ior  may be due to  the  unique s t r u c t u r a l  na tu re  o£ 
t he  me ta l -g raph i t e  system. Act ive c o b a l t o s i t e s  are  loca ted  between graph- 
itic planes that are spaced ~ 5.5 to 4.0 A apart. Thus, unlike the situa- 
tion with a conventional supported catalyst, CO and Ha reactant molecules 
must not only diffuse through the gas phase to the catalyst surface, but 
must then pene t r a t e  between the  narrowly-spaced l aye r s  of  the  g r aph i t e  l a t -  
t i c e  in  order to  reach  the  ~ e t a l l i c  s i t e s  and al low sdsorp t ion  and subse-  
quent  r eac t ion  to occur .  I f  the  average depth  o f  i n t e r c a l a t i o n  of  t he  
reduced coba l t  atoms i s  s u f f i c i e n t l y  l a rge ,  i t  i s  conceivable  t h a t  t he  over-  
a l l  rate-limiting step o~ the process ~ay 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 t h a t  is larger 
than would otherwise be the case, and cause the observed selectivity be-' 
h a r l o t .  Indeed, a l though  the  r eac t ion  r a t e  da ta  p re sen ted  in  Table I I l  
may be viewed as on ly  s e m i - q u a n t i t a t i v e ,  t hey  i n d i c a t e ,  n e v e r t h e l e s s ,  an 
apparent activation energ~o for CO conversion o£ ~ 10-12 kcal/mole in the 
temperature range 225-275 C. This value is considerably lower than the one 
(- 25 kcal/mole) that is normally observed for Ha/CO reactions over sup- 
ported metal catalysts~ and is consistent with the postulate of a diffusion- 
controlled process. We hate previously reported, for example, an apparent 
activation energy of 25.8 kcal/mole for CO hydrogenation over the cobalt/ 
kieselguhr comparison catalyst. It should be noted~ however, that the 
interlayer diffusion rates of C0 and Hz should increase with ~ncreasing 
temperature, and~ hence, the virtual constancy of product distribution over 
a I00 ° 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- 
t i c u l a r l y  a t  e l eva t ed  pressures~ in  order  to  more f u l l y  cha rac t e r i ze  t h i s  
behav ior .  

C. Su l fu r  Poisonin~ E f f e c t s  

In s i t u  po i son ing  experiments:, employing gaseous hydrogen s u l f i d e ,  
have b - e e n - ~ i t i a t e d  du r ing  t he  pa s t  qua r t e r  i n  an e f f o r t  to  assess  bo th  the  
sulfu¢ tolerance behaviors and the percentages of  accessible metal atoms 
i n  t he  c o b a l t - g r a p h i t e  c a t a l y s t .  Addit ions o£ HaS a l iquo t s  during r e a c t i o n  
were made by f i l l i n g  a c a l i b r a t e d  doser volume to  a known pressure  and then  
i n j e c t i n g  the  doser  c o n t e n t s ,  by means o f  a p p r o p r i a t e  stopcock manipula-  
t i o n s ,  into the circulating reaction mixture at.pre-selected t ime intervals. 
The preliminary results for two such experiments at 3000C, using separate 
coba l t - g r aph i t e  s P~ples p r e t r e a t e d  in  the  usua l  manner, a r e  p resen ted  i n  
Table V . .  In  each case ,  t h e  percentages  no ted  f o r  t h e  H2S doses in  t h e  ca t -  
a l y s t  de sc r i p t i on  cor respond to  the  percen tage  o f  c a t a l y t i c  a c t i v i t y  t h a t  
could  be poisoned by each success ive  H2S addi t ion~,  i f  i t  i s  assumed t h a t  
a l l  cobalt atoms are accessible as ca ta l y t i c  s i t e s .  

As shown by the conversion and rate data for the two runs, the Catalyst 
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displayed no unusual r e s i s t a n c e  to  s u l f u r  poisoning. In Ser ies  11, Run i-A, 
addition of a 10% dose of H2S'im~ediately following the 2.50 hr sample des- 
troyedvirtually all activity fo~ C2 + hydrocarbon formation, but the ssm- 
ple apparently retained a very small capacity for methane formation. The 
latter was removed by another 10% addition of H2S following the 15.00 hr 
sample. In Series IS, Run l-A, smaller HzS doses were employed in an 
effort to determine the percentage o~ 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 
0.5% H2S--d~se at 0.75 hrs of reaction indicates that only 0.6-0.7% o~ all 
cobalt atoms in the catalyst are accessible t o  the H~/C0 reactant mixture. 
An additional 1% dose of H2S, added at 1.77hrs, destroyed virtually all 
zemai,uing 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 compa_vison catalysts, are currently in progress. Par- 
ticular emphasis is being placed on evaluating the potential reversibility 
0£ 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- 
na t ion  at one atmosphere pressure, exhibits a markedly different response 
of reaction selectivity to temperature variations in the, range 200-3000C 
than does a conventional kieselguhr-supported cobalt catalyst under the 
same conditions. In the latter case, the percentage of all reacted CO that 
i s  involved in  methane formation i n c r e a s e s  from 27% a t  200 ° to  87% a t  300°C, 
while the percentage yielding C2 + hydrocarbons decreases correspondingly 
from 69% to only 7%. Over cobalt-graphite, however, methane accounts." for 
a virtually constant 55% of all converted CO over the entire 200-300°C 
range, while the Ca+C3 olefin/paraffin fraction increases from 51% at 200 ° 
to 41% at 300°, with the Cb + materials decreasing proportionately. 

The results suggest that interlayer penetration of the graphite inter- 
calate lattice by H2/C0 reactant may be the rate-limiting step of the over- 
all reaction. .-, 

Poisoning s tud ies  with hydrogen s u l f i d e  ind ica te  t h a t  only  0.6-0.7% 
of  a l l  coba l t  atoms in the i n t e r c a ! a t e  a re  access ib le  as c a t a l y t i c a l l y  
active sites. 
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'FIGURE CAPTIONS 

Fig.____~l P ro jec t  Plan and Progress Chart 

Fig. 2 Variation of Carbon-Containing Product Distribution with Reaction 
Temperature at 5% CO Conversion o~'~r Cobalt-Graphite Intercalateo 

Fig° 5 Variation of Carbon-Containing Product Distribution with Reaction 
Temperature at 5% CO Conversion over Kieselguhr-Supported Cobalt, 
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-.MOLE PERC~'~TS OF CA~BON-CONTAINING PRODUGTS IN GAS PI!,%SE - P,~ACTZO~Z . . . . . . . . .  

TIME (~RS) C02 

° - - . . . . , . .  , . . . . . .  . . . . .  , • 

• 2 - 0 0  6 . 5  
3 ; 0 0  6;5  
4 ;  0 0 6 -  I 
5 ; 0 0  5 ; 2  • 

2710 0 8J5 
" q  . 4  

CH4 C2H4 C2H6 C,...qH 6 C3H8 C4"S C5+ 
-.-. _... ._._ ___ . . . .  . ._.= . . . . .  
• . .  o . .  - .- , - - - .  4 ° ° . ° . .  . ° . . . .  . . . . .  . . . ~ .  . . . . . . . . .  

83-4  1 .2  8 . 8  0 .0  0 . 0  0 . 0  D=O 
75-.  0 I ;  I 9 2 3  1 - . 6  6°" 0 O- O D. I] 
74;" 7 I ; 5  9-  9 I~," 5 6 ;  2 0"; 0 0 J 0 
"/6." 5 , 1,,'6 9 ; 3  " 2. '2 5; '2 0 ; 0  0-0 
? 1 ;8  0J7 9; 4 I ;6 7; 8 2." 2 2.: 7 

TIME 
¢HR) 

,m. e 

2. OO 
3J0C 
4 ; 0 0  
5 " 0  0 
27. 0 

. .  

.... MOLES PER 100 MOLES OF CO CO,~VERTED ..... 

C02 CH4 

. o .  oo .. ° . , o  . . . .  

5. 9 75.8 
5: ' |  59 ;4  
4~'~ 5B ;B 
4;2 6 0 ' 8  
2 ; 6  49" 1 

. ° . . . ° . . . .  

RATE % C 
CP.H4 C2H5 C3H6 C3HB C/4"S C5+ % C0 MMOL I.I~SS 
CX2) CX2) CX3) (X3) CX~) CXS) CONV /HR ;3,%L. 
• • - .; - -- - 

2*3 16- 0 0 . 0  0-  0 0° 0 0- 0 0-  e Z~ 97 
I;'7 1526 3--8 14-3  020 0-'0 0 ; 3  5 99 
2 ; 4  15-'6 3:~6 I /4;7 0 - 0  O JO 0;" ," 6 97 
2 ;5  t 4 - B  5 ; 2  1 2 z 4  0-0 0-0  0 ; 6  6 97 
0-9 ~2J9 3;3 15;9 5.'9 9:3 3;7 6 95 

. . .  . ,e .. .. .° 

- 11- 



o 

Table I [cont.) 

ZXPT..NO- • - 
.. .,. ° 

CATALYST 

FISCHEH-TROPSCH REACTION RESULTS 
• " m ' J  " " . . m  " * m .  -" . . . . .  - m ~ m  . . . . . .  m m m m m  ~mmm 4~ mr* m am 

• , .... • °...° . . . . . . . . . . . . . . . . . . .  . ...... . ..... ° ..... ° ...... .... 

SER~.ES 5~ RUN I-A 

- , COBALT-GRAPHITE ¢3.4 WTZ, C0); V~K~TRON CORP,. "GRAPHIME, T" 
N0,.89650; PRETREATED (PR[]GR~,I TO 400 C'XN"H~ F0.R ~ ~',RS) " 
EUAGUATED FOR ~! HRS ATZ00 G.' " " 

. . , .  ° . 

~J'EI GHT - 0- 5 (~ TOTAL 

REACTION TEMPERATURE- - 250 C 
[NXT~AL TOT&LPR'ESSURE = 697 TORR (0-92 ATH) 
TNZTIAL H2/CO RATIO = 2,0 
REL%GTOR VO LUf4E = 3~! CC 

. . 

. . ° . . . . • •.. . . . . . . . . . . . .  ... • - . . . . . . . . .  . ......... . . . . . . .  . . . . . . . . . .  °.. ..... ... .... . .... ..... . . . . . . . .  .. . . . . . . . . . . . . . . . . . . . . . .  

- MOLE PERCENTS OF OARP ON-CONTAZNXNG PRODUCTS IN GAS PHASE - 
.o 

• RE~%GT 10N . . . .  
TZHE ( ,q P~ ) G02 CH/J G2H4 G2H6 G3H6 G3H8 G4"5. C5+ 

. . . . . . o  ° . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . ,  . . . . .  - o m  . ° -  ° m ° . . . .  o • o - - , - . -  . . . . . . .  

l~ i ]8  8 . 5  6Zl.7 9 . 5  6 . 0  "11 .3  0-O O-0 6 .0  
2;00 7-'9 63;6 8"-'0 6~'7 "9;9 0"-'0 2;3 I";6 
3~01] 7-'9 63~1 6,'8 7 - ' 0  9: '2  3~0 2"-'7 1 : 3  
4 ;00  6 ; 6  60. '~ 5 ; 5  6, '9 8 / 7  3 / 2  5J !  3 : 6  
6.'00 ~'~ 60;7 4;6 7;8 6;5 3*7 tl:6 3;5 
9; O0 6;8 59;S 3 ; ' 3  8/4 7 ' - '5  a , , ' 3  5:'4 4';6 

"23-'0 O 7";7 59.'0 i ; ' 4  9".'8 .5- '5 6L0 5 ; 8  a%'7 
• • . .  • . - .  o .  . .  . o  

.... MOLES PER 1 0 0  HOLES 0F CO CONVERTED ..... 
R E ~ ' ~  . . . . . . . .  " . . . . . . . . . . . .  RATE :4 G 
TIME G02 OH4 C2H4 G2H6 G3H5 C3H8 G4"5 O5+ • CO HMOL H/~SS 
(HR1 (,'~.) ( X I )  ( X 2 )  CX2) CX3) (X3)  ~XID (XS) C O N V  /HI~ BAL. , 
. . . . . - - -  , . ; - - - -  .. i  - " "  _ ' _ _ , . 1  "--'.., _ , . ;  " - - ' _ . _  ; , , ' . . .  --" ' " - - ' - - .  ,A - - - - - - ; . ;  
o ~ , m  . . ~  . . . .  . . . . . . . .  o . . . . . . ,  o . . m , e  • . a  e - e o e  . m . ~ e m e  o . , e . .  . . . . .  • . , .  . ~  . . . . . .  c O - .  • . .  . . . 4 , . - I  

1.08 6 , 2  Z16.6 1 3 - 7  8 . 6  24 -6  --O. 0 0. O 0-0 0 .3  13 100 
2-'00 5 ; 3  43";0 10-'9 9";0 20J1 OJ0 6 - 3  5.'Zl 0-'7 20 ' lO0 
3"00 ~ J 6  a l~ '7  9 ; 0  9J2 18J2 5~'9 'TJ0 4J3 1 ;3  " 25 95 
4.'00 z~,'0 36JZi 6, '6 8J3 15 ;8  5 : 6 Y  12J3 10 ;9  2.'0 35 96 
6,:0C 4 ' 1  3 6 ; 9  5 ; 6  9J5 15~'5 6-'7 "~' 11 ;1  i 0 ; 6  3~'I 25 97 
9 ; 0 0  4J0 35J2  3.'9 9",°8 13J3 7 : 6  1 2 : , '  13;'6 5.'0 30 96 
23.  O ,~'5 34. '6  1-'6 11-5 " 9,'7 10-6 13",'5 13:'8 12":7 ' 25 92 

. e  o m - -  ' ~  ' g  

- 1 2  - 



Table I I  

FISGHER-TROPSCH REACTZON RESULTS 
. . _ _ , _ _ - - . , . _ _ , - - . , . . . , . . . , ,  . . . . . . . . .  

B~KPT. .N 0 .  - SERIES 6, RUN t - A  
. .  , . . .  , . • • 

CATALYS;I;" - COBALT-GRAPHZT~ (3~4 ~'~T~ C0)$ VE~TRON CORP-'. *GR-~-DH-THET * 
"" N0,589"6503 PRETREATED (PI~0GRAM TO 400  C-IN"H~- FOR 3 HR~) 

EVACUATED FOR 16 H,~LS AT"30'~ C,. " . . . .  
. .. -°. 

~4EI GHT - O. 5 G TOTAL 

REACTION TEMPERATURE = 300 G-: 
INITIAL TOTAL PRESSURE = 697 TORR (0,92 .qTl,I) 
ZNZTIAL H2/C0 HATI0 = 2°0 " 
REACTOR VOLUI~IE = 3~ I GC 

° , . . . . . . . . . . °  . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  ° • =.. 4. =. • .. °, o'.° -- o° ,--.. • . . . .  o-° ° o . . . . . . . . . . .  • . . . . .  0'' ='* • . . . . . . . .  

- MOLE PERCENTS OF CARBON-CONTAZN~NG PRODUCTS I'-'{ G~.S P,qASE - 
REACT ~0N . . . . . . . .  

• TIME (HRS) G02 OH4 82H4 C2H6 G3H6 83H9 04"S CS+ 
" " I n  " 

. . . . .  . . . . . . . . .  d , . . . .  . . . ° ,  , -  . • - ° o  • . . . . . .  - . . . . . . . .  " . . . . . .  " ' ' ° ° ' "  

O. S O 1 0 . 8  57 . /4  I 2 . 2  6 . 2  I 2 . 7  0 . 0  0 . 7  0 . 0  
1500 10-'4 59¥3 "9J9 6-'9 1157" 157 058 054 
2;00 9 ;7  55.'A 7¥0 7 ;5  10; 1 2;6  LLJ9 2 ;9  

"3500 1 0"-" 0 5551 • 5J6 8¥3 9";2 351 4 ; 9  358 
4 ;05  10-5 55 ;5  4 ; 6  8J9 8 ; 5  3-3  5 :0  3 ;6  
6;0 0 I I-5 56;7 3-5 9:'7 7;6 3;8 4;2 2:9 
9 ; 0 2  I 2 - 6  5 6 ; 7  2-'6 10"51 6 ; 4  4 -4  ZIJZ| 2,'9 

1250 0 13-4  57,'0 2'; I 10:3  5 ; 7  /4;7 4¥2 2 ;6  
24J00 I5J8  5 7 ; 5  1:1 10J~ 3 ;9  5 : 3  357 2 ; 3  
26,'00 16¢7 5 9 ; 5  1 : I  1058 3 ;9  5 ;6  0 :4  252 
28"; 0 0 I 6r; ~ 57-'6 0"59 1054 354 5 ;5  356 251 
30;00 16;7 57- 6 05"9 10;4 3;3 5-'6 3-5 25 1 
32 -00  16"9  5 7 ; 6  028 tO ;4  351 526 3 ; 5  2-0 

. . . . .  . . . .  o .  ° .  . .  

P~ 
TIME 
(.HR) 

o . o  ... 

O. 50 
1 ;00  
2 ;00  
3 ; 0 0  
4 ;05  
6;'OO 
9';02 
1 2 . 0  
24; 0 
26; 0 
28; 0 
30; 0 
32; 0 

, t  

---- MOLES PER 100 b~L~.S OF CO CONVERTED ..... 

G0~ CH4 C2H4 C2~I6 G3H6 G3H8 C4 "S C5+ 
(At) (XI) (X2) (X2) (X3)- • (X3) (X~) (X5) 

• ,I I I i m i  ,,~wl aiml, ~ ,-11 ,,,IN 

- ~ °  • . . . . . . . . . .  . * = . = . a  , . . . .  . . o  . . =  

7 -4  39 -3  16,7 8 ,5  26, 1 
7 ; 0  3 9 ; 5  1354 9 ;3  23 ;9  
5"58 3 3 ; 3  95"4 9-'0 19 :2  
5"59 32;7  6 ; 6  958 165/4 
6,'3 33 :3  5-'6 1057 1553 
7,'2 35,-4 4..'4 1251 14~'3 
7/ '9 35"-'7 3 : 3  1 2 : 7  12,'2 
8- '6 36 ;5  2J7 13 ;2  10",'9 

1U-'5 3853 I ; 5  13,'9 7.-7 
11.:9 42 :3  1";5 15 ;3  8 ;1  
I 1 ; I  38;8 1-'3 14"; 1 7".'0 
11,53 39;0 152 1 4 ; 1  6J6 
11;5  39;1 1,:1 14'22 

0-0 2, 0 
3",'4 2-  1 
4;'7 11 ;8  
5 ;6  11,'7 
5;9  12"." 1 
7-1  10556 
8J3 11J0 
9 - ' 0  1 0 ; 8  

10"-'7 
12 . '0  
11;0 
1 I - 3  

6;3 I 1 ; 4  
. I  . .  

- 13 - 

9 : 8  
150 
9 ; 6  
9 ; 5  
9".'6 

. .  

RATE ?~ C 
S. CO MMOL MASS 
C0~V / }m  BAL. 

w , ,  u ~ m m  

o p . i . ° . .  . . . . . . . .  " o  . . . .  

0, 0 00 8 " 69 99 
I53 I59 87 95 
8:'8 4;/4 I 1 2 96 
111"3 6;6 93 93 
10:9 9;5 79 92 
859 1122 59 93 
9 : 0  1555 6 1 92  
9 : 3  1950 50 91 
7';5 3 I:"/4 4/4 87 
7 : 8  30 ;3  - 2/4 83 
7;I 3/4;9 100 85 
7 ; l  36J6 36 85 
6-9 3851 32 94 

° . . . .  



EXPT. NO, - 
• . .., , 

O ATALY S T - 
.° 

Table I I  ( c o n t . )  
i 

FISCHER-TROPSCH REACTION RESULTS 
• 4 ,M ,m I, 

SERIES 7~ RUN I -A  

COBALT-SRP2HITE ( 3 . 4  HTZ CO); VENTRON CORP. "GRAPHIHET" 
N0,.69650; PRETRE~TED (PROSR~%M TO 4~]0 C'iN"H~ F0R Z~,3 I~R) 
EVACUATED FOR 16 HRS AT 30Q C .  " 

WEIGHT - O- 5 G TOTAL 

REACTION TEMPEP.ATURE- = 300 G 
INITIAL TOTAL PRESSURE-= 697 TORR "0,92 ATM) 
INITIAL H2/C0 RATIO" = 2-0  . . . .  
REACTOR VOLU~IE " = 3AI CC 

1,m , ~ , m  mm ,,t .. ,,, m ~ m ~ m  m ~ N ~ m ~ u m W m N ~ w ~ m ~  m m m ~ m  ~ m ~  

- MOLE PERGEtOTS OF CARBON-CONTAINING PRODUCTS IN GAS PHASE - 
.o . . . .o 

REACT I ON 
TIME (~IR5) C02 CHZl C2H4 G2H6 03H6 C3H8 Cll "S C5÷ 

. . . . . .  . . . . . . .  , ° . . , . . . .  ,...° ° . . . . . . .  ° • ° ° . . . . . . . . . . . .  

'0.50 7 . 5  5 7 . 1  3 . 9  6 .  a Z0 .1  4 . 0  S . e  2. S 
1:.00 9 ;2  5 8 ; 5  2-'2 10 ;3  7 ; 4  5,;3 ' "~ • -I- .., 2- 3 
I ; 5 0  10-'/; 59-'0 1.'5 1 0 ; 6  5"*.6 5 ; 9  Zl,'7 2,;3 
2-00  I 1;/4 59- '2 I ; 2  10-8  4 ; 6  6~2 4 : 5  2 : 2  

' 4 ; 0 0  13 ;9  5 9 ; 3  0-7 I 0..8; 2 ;7  7%'0 3 - 8  l-'~; 
5;00 14;7 59;2 0";6 10;8 2;2 7"~0 3;6 I;7 
5 ; 5 0  15- ' I  5 9 ; I  0 ; 6  10'-'8 2 ;1  7- ' I  3 ; 5  1-'7 
7-'0 0 15 ;9  59:0 0 :5  10 :8  I . '8  7 -1  3;3 1;5 
9 ; 0 0  I 6-'8 5 8 ; 6  0-'5 10-7  1 ;5  7 - 0  3-'[~ 1-6 

11.'D0 1 7 ; 6  58;3 O;a 1 0 ; 6  1 ;3  7 ; 1  3 ; 1  l J 5  
• . - - ,  

• . , , .  

.... MOLES PER 100 MOLES OF CO CONVERTED ..... 
Rh-q~ . . . . . . . . .  . - ............ RATE .~ C 
TIME C02 CH4 C2H4 C2H6 C3E6 G3H8 C4"S C5+ %. CO ~.~';OL HASS 
(HR) CXl) (Xl) (X2) (X2) (X3) . (X3) (X2~) (XS) CON9 /H.~ ~la.L, 

0,50 4-5 33.9 a-7 ~Io2 18,0 7oi 12.5 S°3 7.8 "658 96 
1;00 5;7 36;3 2;7 12;8 13;7 9"-'S 1 I";9 7; I 12;S 423 95 
| ; ' 50  6.'6 37/fi 1:9 , 13 :4  10 ;7  11;1 11; '8 7J3 16;4 31 1 9/4 
2 ;00  7 ; 3  3 8 ; 0  I ; 5  13;8 826 1f i ;0 1 1 ; 5  7; '0 19. '2 236 9/4 
,t,l','OO 9 ; 3  39,:6 1;0 14 ;5  5 ; 4  . 14 /0  10' ;2 5 ; 1  27 ;1  I66  93 
5 ; 0 0  10.;0 40-'1 0";8 1 4 ; 7  /4;5  1 4 ; 2  9- '7 5 ; 9  2 9 ; ~  I 114. 92 
5 ; 5 0  1 0 : 2  4 0 ; 2  0-';3 1/4;7 J4;2 1 4 ; 5  9 ; 4  5: '9 3 1 : ' 0  103 92 
%'00 11; '0 40;5 0/7 14/8 3-6 |4:'6 9;'1 5;6 34-2 92 92 
9; '00  1 1 , 6  40 . ' 5  0 J6  1 4 ; 8  3 ; I  IZI;5 9 ; 2  5".'5 3 8 ; 3  87 91 
l'~- 0 12;3 40;6 0J6 14;8 2;8 114;9 8;6 5.'4 41;5 66 90 

, - 14 - 



T a b l e  I I I  

E)'PT. ~'] 0.. - 

CATALYST -: 

FISCHER-TROPSOH REACTION RESULTS 

- o  . . . . . . . . . . . .  - - - - - - .  . . . . .  . l - , o . , i p . . , ° . . o l  

S ~ I E S  19~ RUN I-.'%. 

C~3BALT-GRAPHITE ( 3 . 4  WTZ C0)J Vh-NTRON 
NO. 89650~ PRk'TREATED (PROGR.~ TO 400 
E~/ACUATED FOR 16 HRS AT-300 C ~ .  

CORP- "GR/~H!HET " 
C" IN "112 ,';'OR 4- 0 HR) 

~,TEIGHT - 0 . 5  G TOT~%L 
, .  

REACTION TEMPERATURE = 200 G 
.INITZ~%L TOTAL PRESSURE = 697 TORR 
INl TIAL, H2/C0 RATZ0 == P -  0 

R'F.~CTOR VOLU[;~E "" = 3.41 CC 

C O. 9 2 AT~.~ ) 

. . . . . . .  " . . . . . . . . . . . . . . .  ..o . . . . .  ,- • . . . . .  2 . . . . . . .  , , . . °  . . ... = , . . . . .  . . . .  ° ° . . . . . .  • . . . . . . . . . . . .  , . . . . . .  

- HOLE PERG~ITS OF CARBON-CONTAINING PRODUCTS IN G:-%S PH~%SE - 
PEA CT I O N  - " - -- 

TIHE CHRS) C02 CH4 C2H4 C2H6 C3H6 C3HS C4°S CS+ 

.'° . . ° . ° • . . . . . . .  . . . . . . . . .  . . . . . . . . .  - - • • ° o • ° ° ° m • 

2-00 9 -0  79-1 3 -2  3 .3  5 . 4  0-0 0-0 0.0 
8;09. "7;3 .57;8 9;6 7;/4 6='I 7;6 6;I 5;I 

24;50  6;9 60:1 1'0 8 - 5  3:9 S.'5 6:0 S;I 
28-'00 7;2 59;9 0;6 S;7 3;7 9--3 5;6 ZI.'9 
31:00 7-'4 59;4 0 ;9  8;7 3-5 8;9 6;3 Zf;9 
38:25 7:.7 59;3 0;7 " SiS 9.-9 9;0 6f2 5;3 
50-'00 7;8 58;7 0;6 8;7 2;4 9;6 6"-'5 5.'7 

• . 

.... HOLES P~ [00 MOLES OF C0 CONVERTED ..... 
RE~] ...... .......... RATE Y. C 
TIME C02 CH4 C2H/4 02i~6 C3H6 CSH8 C4"S C5+ ~ C0 MMOL H .~S S 
CHR) CXI ) CXI ) CX2) CX2) CX3) CX3) CX?~) CX5) CONV /fir BAL. 
";-- ---- ---- ---- ---- ---" ---- -~ .......... u 
, . , . °  . . . . . . . . .  " . .  

l" . . . .  " ,-d , , o  . . . . . . . . . . . . . . . . . .  . ° . . . .  , ° . , . . . ,  . . . . . . .  

P--O0 7-7 67-4 5-4 5-6 13.9 0-0 0-0 0-0 0-2 4 9S 
6;02 4;1 32;S O':0 S -'.'4 [0;4 13;0 13-'8 ]L,:4 0;8 ~ 9a 
~Lt. 5 "4.'0 84;8 I:'P 9;9 6;7 [4;8 13;9 14;7 3; 0 " 6 95 
eS-0 4 ; 2  34;8 1;0 107:! 6;4 16;3 18;0 14.'3 3 ;5  6 94 
31;0 4;3 3a;Z~ I;0 IO.'I 6;I 15;4  14f6 1a:2 4;0 7 92 
88;3 4 ; 4  3/4-2 0 ;8  10,;2 .5,; 0 15;6 I4; /4 15 '4  5;'2 7 94 
50;0 4;5 33;4 0-6 10.'0 4 ; 1  16;/4 I/4;8 1 6 ; 2  7/0 7 91 

- 15 - 



'•.' 

T a b l e  III (cont.): 

FISCHER-TROPSCH REACTION RESULTS 

o . . • . . . . . . . . . . . . . .  , -' . . . . .  . ° . = . . . .  

EXPT. NO. - SERIES 9, RUN I-A 

C.%TAL'/ST - COBALT-GRAPHITE (3-4 I'7T% CO )$ VE~T.'-¢O['~ COPP- "GR~JPIIIMET" 
N0. 69650; PRETT~EATED (PROGPAM TO J400 C IN HS"FOR 3-3 Z4R) 
EVACU;ITED FOR 16 HRS AT 300 C. 

%.IEI GHT " 0- 5 G TOTAL 

REACTION T~4PERATURE = 225 C 
!i~I'I'IAL •TOTAL PRESSURE = 697 TORR 
I,~l T!~,L HS/CO P~ATIO = 2 -0  
~E,~.CTOR VOLUME = "341 CC 

(0.92 ATM) 

• . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . • . . . . . . . . . . . . . . . . .  . . . . .  . ° • ; , . . .  • • • • • ... ..... 

- HOLE PERC~--'qTS OF CARB0~-CONTASNZNG PRODUCTS IN GAS PHASE - 
P.FACT ION 
T~HE CHRS) C02 CI{4 C2H4 C2H6 C3H6 C3HS C4"S C5+ 

.~_. . . . . . . . . . . . . .  - . . . . . . . . .  __ .-.. 
. . . . . . . . . . . .  . . . . . . . . . .  . ,, • ° . -, .. • • • .. o • • . . . . .  o o 

"2.00 14-2 64-2 6-3 6-7 8°6 0.0 0.0 0.0 
7 ; 0 5  -3-6 6 2 , 1  2.;S 8 -0  5 ; 9  5 ; 2  4 ; 2  3;I 

22. O0 9 ; I  5 8 : 0  0 . 9  9,:1 3 ; 5  7 J 5  6 ; 2  5,'7 
2 7 ; 0 0  9 ; 3  58*.0 0 ;S 9 ;2  3, '0 8 ; 0  6 - 2  515 
3 3 ; 3 3  9 ; 6  5 7 ; 9  0~6 9 ; 3  226 8 ; 4  6 ; I  5 ; 5  

.... MOLES PER I00 MOLES OF C0 CONVERTED ..... 
:E,~ 
TIHE C02 CHt4 
(H~) ¢Xl ) CXI ) 

2.00 I0-9 /49.3 
7 : 0 5  5,,'5 3 9 ; 3  
22- 0 5 - 3  ' 3 3 ; 5  
27 ;  0 5./4 33-" 6 
3 3 ; 3  5 ; 6  33 . ' 6  

. . . .  = ° . .  ° . 

C2H4 C2H6 C3H6 C3H8 C4 "S C5÷ 
CX2) (X e) (:[3) "(X3) (XZ~) (XS) 

9 - 7  1 0 , 2  
3 ; 5  l o . e  
1.0 10 ;5  
0;9  10,'7. 
0 .7  10- 8 

• o o • ," ° • m . 

19.8  O. 0 
11 :3  9 ; 9  

6 . 0  13;0 
5 - 3  14 .0  
4-'5 14;7 

RATE % C 
% CO MMOL MASS 
C0~7 /HR B~L. 
--'.~-- u ..------ == m ~ ' ~  

• • • . .,. o • . o . . .  ..•....p • o.o • 

O. 0 O- 0 O. 4 8 99 
10 ;8  9-'7 2 ;0  14 95 
14-2 1 6 ; 4  7 ;6  16 93 
I/4;3 15;9 9 ; 4  15 90 
1/4;2 15 -9  11;3  I 8  99  

°. 

- 16 - 



, ' o : ,  

Table I Z I  ([cont.) 
, J 

F ~ S  GHER-TROP5 GH REAGT ION ~ESULTS 

. , . , . , , . , ,  . . . . . . . . . . . .  ,.,..., .......... , ..... ,...,---, ..... , 

E X P T . .  N0.. - 
.. . . . 

CATALYST --m" 

S E R I E S  5~ I~UN 1 - A  

COBALT-GRAPHITE ¢3-~ I~TY. 00)$ VENTRON 
~0. .89"650~ PRETREATED ,(PROGR.q'~ TO ~0 
EOACUATED F 0 R  I I  HRS AT30~ C. 

C0RP.. "GR~°}{!MET" 
0" IN "H2 ' FOR 3 HRS) 

~EIGHT - 0.5 G TOTAL 

REACT~.0N TEMPERATURE = 250 C 
INITIAL TOTAL PR'F~SURE = 697 TORR 
I N I T I A L  H2/~0 R A T I O  ., = 2.0 
REAGTOR VOL,U/4~- "" = 341 OC 

{ O. 92 ATH ) 

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

REACT ION . . . . .  
TIME ( I ~ l ~ )  C02 CH~ C2H4 C~16 G3H6 C3H8 GY~"S C5+ 

. . . .  _ .=_ . - . _ _  - _ _ _ _  - 

1 . 0 8  8 . 5  6 4 . 7  9 - 5  6 . 0  I 1 . 3  0 . 0  0 - 0  0 . 0  : 
2;00 7 ' 9  63 ;6  5;'0 6,.'7 '9=9 0;'0 2J3 I;6 
3,," 0 0 7-'0 6 3 ; 1  6[,'8 7 / 0  9: '2  3 ; 0  2 ; 7  [ ; 3  
4 ;  00 6;  6 6"0-4 5 ; 5  6 ; 9  3; '7 3:'2 5 ;  1 3;6 
6,'00 6.'7 6 0 - ' 7  /4;6 7J8 6 ; 5  3;7 4;6 3 ; 5  
9; gO 6;'S 59/8 3 ;3  5,;4 7;5 /4"3 5:[4 4;6 

23;00  7;'7 59-'0 I : '4 9"-'8 "5;5 6;0  5;8 4 ; 7  
. .  ° . " . .  . .  . .  

RE::~ ....... 
T I M E  002 
CHRI (~ 1 ) 
. ; . . . =  j . . -" 
t ~ - . . , a  . ~  . . . . .  , 

1 - 0 8  6.2 
2 ; 0 0  5,;3 
,3;00 4;~, 
,~;00 /4;0 
6;00 4 ; 1  
9";00 4;0 
23- 0 4;5 

MOLES PER 100 MOLES OF CO CONVERTED ..... 
. . . . . . . . . . . . . . .  RATE Z C 

CH/4 C2HZ~ C3H6 C3H8 ' 04"S C5÷ [,~OL MASS 
(XI) (X2) (X3) (X3) ~X~) (X5) /HR BAL.. 

46-8  1 3 - 7  24.6 13  100 
43";0 10:9 20;1 20 100 
41;'7 9,:0 1 ~ ; 2  25 95 
36-'~ 6.'6 |5;8 3 5  96. 
36;9 5;6 15;5 "~ 25 97 
35:'2 3;9 13;3 30 96 
3/4;'6 1 ; ' 6  9:'7 25 92 

C 2 H 6  % CO 

.o.o.. • ~ - - ° - ~  ° 

8, 6 O. 0 O- 0 0 . 0  O. 3 
9'- 0 0,: 0 6-3 5;'/4 0-'7 . 
9 ; 2  5"9  7 ; 0  /4,:3 1 ; 3  
8 - 3  5 ; 8  1 2 z 3  1 0 : 9  2 ; 0  
9 ; 5  6;7  1 t ; 1  1 0 ; 6  3 ; ; 1  
9 ; 8  7 ; 6  1 2 ; 7  1 3 ; 5  5;  0 

1 1 ; ; 5  1 0 ; ; 6  1 3 . ' 5  13"~S 1 2 " ; 7  " 

- 17 - 
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• - 

• GAT/LIIY'ST - 

T a b l e  I I I  ( con1: . )  
_ _  ,." 

I 

" FI.SCHER-TR0 PSCH REACTION RESULTS 
• . °  • • ° ° !  o ° • ° . . . . .  • • • . . . .  • ~ ° ' °  . . . . . . .  o ° . . .  • ° : •  

SI.~RZF.5 8 ,  RUI4 I - A  

• GOBA~T-GRAPHITE (3.4 WTg C0); VENTRON 
NO..89650J PRETRE/~TED (PROGR~%N TO 4 0 0  
EVACUATED TOR 16 HRS AT "300 C.. 

WEIC~T - - 0 . 5  G TOTAL 

• REACTION T]~4PERATURE .= 
INITIAL. TOTAL PRESSURE = 
/'~IIT';AL He/C0 RATIO = 
REACTOR VO LUflE = 

CORP. "GRAPH IM ET + 
G'2N"H~- FOR 3.6 HR) 

( 0 . 9 2  ATM) 
275 C 
697 TORR 
2 - 0  
3/41 CO 

. , . o . • .................................. , , . , •  o , . -  , . . . . . . . . . . . . . .  ° , . . . . . . . . . .  • . . . . . . . .  

REACT 1 ON 
TImE ¢ fLUS ) 

___2__ i m m  ,m ,m 

O. 50 
1;00 
2 ; 0 0  
3. '00 
5 ; 0 0  
7 ; 0 0 '  

1 0 ; 0 0  
1 3 ; 0 0  
2 3 ; 0 0  
2 8 ;  O0 
 m.o o 
3 1 - 0 0  

- MOLE PI!:RG~4TS OF GARBON-CONTATNIN R PRODUCTS IN GILq PIL~SE.- • 

C02 OH4 02H4 C2H6 C3H6 03H8 04"S C5+ 
. . . . . . . . . . . . . . .  , . . . . .  o . o  • . . . . . . . . . .  , • 

1 7 - 2  5 7 . 1  9 . 1  4 - 0  9 - 7  2 = 9  0 - 0  0 . 0  
1 2 ; 3  59;a 7;8 /4;3 8;4 Ig8 2 / 7  3 ; 2  
If.'0 59;I 6;8 5;I 8;6" 2;6 3:9 2;9 
I I;I 60-  5 6,:0 5 ; 6  8 ' 2  2 ; 4  3 : 8  2;'Z1 
II;7 59;i 4;7 626 7;6 2 ; 7  4 ; 2  3 ; 4  
1 2 ; / 4  5 9 : 4  3 ; 8  7 ; 2  7 ;  1 3 ;  0 42  I 2 g 9  
1 3 - 3  59;I 3 ; 0  7;8 6;Z,. - 3;2 3-9 3:'2 
1Zl;1 59-5 2;5 8;3 5;9 3;4 3;'6 • 2;7 
15;6 59;3 I;6 8;7 /4:7 /4,'0 3;6 2;1.t 
1 6 ;2  59; '2  1 ;Z~ 8 ; 8  / 4 ; 2  4 ; 5  3 ; 5  2 ;3  
16 ;3  59 . '2  1 ; 3  8 ; 8  4 - 2  a~.~ 3 - 5  2 ; 3  
16;5 59;I I;2 8 ; 8  - 4;0 11;4 3;/~ 2;5 

~4 

RE,'ea 
TIME 
CHR) 

, . . . .  

0 - 5 0  
1 ; 0 0  
2;00 
3;00 
5 ; 0 0  
7ZOO 
I 0 - 0  
'13; O 
• 2 3 ; 0  
• 2 8 ; 0  

2 9 ;  0 
31;'0 

' • ° , o 

CO 2 C H4 
¢ X l )  (Xl) 

• . . . . . . . . . .  

1 2 . a  a 1 . 2  
S:O 3 8 ; 7  
7;0 37;5 
7 ; 2  3 9 . 3  
7;/4 37;4  
8;0  3 8 ; 2  
8;  6 3 8 ; 2  
9-'3 39;/4 
10;5 /40;0 
11;0  /40;2 
11;1 . 40 ;3  

MOLES PER 100 MOLES OF C0 CONVERTED ..... 
............. RATE Z C 

G2H4 C2H6 G3H6 C3H6 G4"S C5+ ~ CO MMOL MASS 
(X2) (X2) (X3) (X3) (X/4) (X5) CONV /H.q BgJ... 

i ~  " " am 

. . . . . . .  • . . . . .  , . o ° . . . . .  ° . ° o . .  . . . .  • . .  , • , . . . . .  • . • • . . . . .  , -o . . . . .  

13 . 1 5- 8 2 1.0 6./~ O. 0 O. 0 O- 4 38 98 
1 0 - ' 2  5 ; 6  1 6 ; 4  3 : 6  6 , ; 9  1 0 ; 5  l ; O  " 5 0  9 8  
8~'~ 6;Z1 16;5 4:9 9;8 9;2 2;'I 44 96 
7;8 7.'3 " 16;0 a;6 9;8 7;9 3;'0 88 96 
5;9 8;i: 1 4 ; 3  5;2 10'7 10'6 /4;9 /40 94 
4;9 9;3 13;8 5;8 I0;5 9;5 6;4 32 93' 
3. '8 10;1  12//-t 6 ; 2  1 0 ; 2  10~'4 - 8 ; 5  30 92 
3 ; 3  1 1 ; 0  11.27 6 ; 8  9 2 6  8 ; 9  1 0 ; 1  2 3  9 2  
2 ; 1  1 1 g 7  9 ; 5  8 ; 2  9 : ' 8  8 : ' 2  1 5 ; 2  21  9 0  
I;8 - 11g9 8;6. 9g2 9;4 7;8 17;6 • 20 :89 
|;8 12;,0 8;6" 9;0 9:'5 7;9 17;9 16 88 
1 ;7  1 2 ; 0  8.•2 9 ; 0  9 ; 3  8 f 4  18?9 20 89 

. .  . o  . =  



EXP T. N0. - 

ATAL¥ST - 

I,T~ Z GHT - 
.. 

REACT ION TEMPERATURE = 
XNZTIAL TOTAL •PRESSURE = 
~NIT~AL I{2/00 RATXO -- 
REACTOR VO LU~IE "" = 

'Fabl,e" I I I  (dpn'~,) 

FI SOHER-TROP5 OH REACT ION RESULTS 
. . " .  -.&_.:..'__.~ .___- . . . .  . . _- . - .  am_.~.._ . .  

SERIES 7., RUN I-A 
.o 

COBALT-GRAPHITE (3-4 I.TT~ C0); V]/NTRON 
NO, .B9650; PRETR~TED (PROGRAM TO 400 
EVACUATED FOR 16 H R'S AT 300 C,. - 

O- 5 G TOTAL 

300 C 
697  TORR 
fi.O 
3AI CO 

( 0-92 A'I~4 ) 

CORP, "GRAPHZHET " 
G" IN"H2 FOR a. 3 I-IR) 

° .  

- MOLE PERC~4TS OF GP/RBON-CONTAINZNG PRODUCTS IN GAS PHASE - 
I:LEAGT I 0[~ . . . .  
T~ME (l~.qS) C02 CH~ C2I-Ia G2H6 03H6 C3H8 GzI'S C5+ 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . .  . . .  ° ° . . . . . . . . . . .  

"0 .50  7 . 5  57.1 • 3 . 9  9 - 4  10 .1  /4.0 5 . 2  2 . 8  
1 .00  9 ; 2  5 8 ; 5  2. '2 10 ;3  7:4 5 ; 3  Zlf8 2-'3 
1 - 5 0  1 0 ; 4  59:0  1. '5 1 0 ; 6  5 ; 6  5: '9 4 ;7"  2 -3  
2.'00 I 1 -4  59J2 ! ; 2  10-'8 4 . ' 6  6 : ' 2  4 ; 5  2' q 
4*00  13#9 59 ;3  0-7 I0;13 2:7 7;0 3 ;8  i:5 
5*'00 1/4-'7 59-'2 D';6 IO ;S  2.-2 7-'0 3;6 1.'7 
5;50  15 . ' I  5 9 : 1  0 : 6  1 0 : 8  2-1  7 : 1  3 ; 5  1":7 
7. '00 1529 59;0  0. '5 I 0 ; 8  1 ;8  7: '1 3 ; 3  1 ;6  
9 ; 0 0  1 6-8 58;6 0~5 10 ;7  1 ; 5  7;0 3 ; 3  i;6 

11.00 17;6 58.'3 0,'4 10;6 1;3  7";I 3;1  1-5 

" . '  D 

. . . .  MOLES PER '100 MOLES OF CO CONVERTED . . . . .  
R E ~  . . . . . . . . . . . . . . . . . . . .  
TIME 002 GH4 G2H4 ~21216 C3H6 C3H8 04 +S G5+ g. O0 
QgR) ¢~1) ¢XI ) (X2) ¢X2) (X3) . (X3) (X24) ¢X5) COI~IQ 

am .~.~ ~ ,=Dam am amam m a m  amam 

.... - .-.o ..° °,*,., • =-. . . . . . .  ° o * . o.° °* . o.i 0 o . - o  • • .o*0o . . . . . . .  °.° 

0-50  4 . 5  3 3 - 9  4 - 7  11.  p= 1 8 . 0  7 . 1  1 2 . 5  g .  3 7 - 8  
1;00 5 : 7  36.•3 2 : 7  1firs 13-'7 978 11".'9 7 ; 1  I ~ ; 8  
1250 6. '6  37~2  1.'9 1 3 ; 4 .  10. '7 11. 'I" I I : ' 8  7- '3  16 ; / I  
2 :00  7 : 3  38;0 1:5  13-'8 8 : '8  1 2 ; 0  l l ; S  71"0 1 9 ; 2  
4 ;00  9:3 39~6 1:0 14 :5  5 ; 4  14 :0  10";2 6 ; 1  2 7 : 1  
5 ;00  10 ;0  4 0 ; 1  0 ; 6  I4 . ' 7  4 ; 5  lZt*-2 . 9- '7 5~'9 29. '8  
5 -50  10-2 l t 0 ; 2  0 ;8  14;7  4 ; 2  14"'5 9*.4 5.'.'9 31: '0 
%00  l l ; ' O  aO.'5 0 -7  14 ;8  3 ; 6  14•-6 9 " - ' 1  5 ; 6  3 4 - 2  
9;00.  11,:6 ~ 0 ; 5  0-6  14";8 " 3. '1 i4"*'6 9*'2 5*'5 38: '3  
l • I-  0 1 2 . 3  40- '6  026 1428 2".8 14";9 6";6 . 5-'/.I 4 1 " ; 5  

':" ": 1 9 -  

RATE g G 
NMOL MASS 
/ I-~ BAL..  

o . . , . ,  ° . . . . . .  

,658 96 
z123 95  
311 9zL 

1 6 6  93 
114 92 
103 92  
92 92  
8 7  .9 1 
66 90 

:. '" 



 ×PT. N b . -  
. . . , .  

CATAL%'S T" - 

-" Table IV 

' F I S C H E R - T - R O P S  CH R E A C T ~ 0 N  RESULTS 
• ~ w m J 

° . ° . . . . . . .  ° . . . . . . . . . . . . . . . . . . . . . . . . . .  

SERIES /4. R1~ I - A  

COBALT ON KIESELGUHR (39 ~qTg 0015 H&RSHA~7 CH~IIGAL CO, 
NO. C0-01271 PRETREATED ZN H2"FOR 8 HRS A T  400 C .... " 
EVACUATED FOR 1 6  HRS AT 300 C,, 

I~-I/:IGHT - O - l O  G TOTAL " 

REACTION T ~4 PE~AT URE = 
INITIAL TOT~L PRESSURE = 
I N I T I A L  H2/C0 RATIO = 
REACT0 R VOLUME = 

200 C 
69 7 .TORR" 
2 .0  
3/-11 GO 

¢ 0 . 9 2  ATM) 

l a  a e m m  
m w  e e  e w  ~ e m  ~ m ~  e ~  ~ ~ m ~  ~ ~ i *  a e  e e  i m a m  a e  ~ e e  w a e e  m e e  , ~  ~ , ~  e , ~  

. . . . . . . . .  ; .............................................................. . . .  , . . , . . .  • . . .  m . - . . .  

- MOLE PERGLNT5 OF G/~RBCk~-COHTAI~ING PRODUCTS IN GAS PHASE - 
~, . . °. 

REACTIOH 
TIME (]~5) GO2 CH4 G2Hz~ C2H6 C3H6 C3HS G4*S G5+ 

- . . . . .  .; . . . . . . . . . .  " . . . .  ---.Z- . . . .  

. °  . . ° . • • . . . . . .  • • ° . . . . . . .  , . . . . . . . .  o ° .  . . . . . . . . .  . . . . .  o .  

0 . 2 6  S 7 . 2  0.0 5 . 0  0.:0 I -  2 O. 0 2-7 3 . 9  
0-'50 Z12.; i /-t3.2 4 - 0  /t-'3 l . 'a  0 ; 0  2.'5 2-'5 
1;O1 2 0 ' 6  /-t7:7 • 1-'8 5 ; 8  9 ; I  3 ; 2  5 ; 8  6 ;D 
2-00  1 1 ; 0  5 2 ; 6  0;8 5 - 9  6J5 4='5 8 ;0  10;6  

3 . 0 0  8J2 5 4 ; 8  0 ;5  6 ; I  5;6  5 , '5  8;1  i l l 1  
4 ; 5 1  6 : 5  55 ;1  0;3 6 ; 3  3 ; 9  7 : 0  9 ;0  I I . ' 9  
5;00  6~1 55.'6 0~3 6 f 3  3;6  7- '3 9 ; 3  11.'5 
6;00  5,;7 5 6 ; 1  0.-2 6 ; 4  3:-1 7 : 8  9 ; 2  I 1 ; 6  

. . . .  MOLES PER ! 00 MOLE5 O~' O0 CONVERTED . . . . .  
. . . . o 

T I M E  0 0 2  OH4 
CHR) (XL) (XI) 

. . . . . .  o . , .  o ° • o . 

. 0 . 2 6  6 6 . 5  0. D 
0.'50 3 2 : 7  33 -  6 
I ; 0 1  11;9  2 7 : 5  
2:00  5 . ' 6  2 6 f  9 
3 . 0 0  4 ; 1  2 7 - 7  
4;51 3 . 2  2 7 : 2  
S.'O0 3 .0  2 7 ; 5  
6.'00 2 . 8  27 . '8  

GRH4 02H6 G3H 6 03H~ 04"S OS+ 
CX2) CX2) CX3) CX3 ) (X~) (M5) 
• _ _ _ _ -  . - . . _ -  . -  . . . . . . .  - . _ . ~  . - _ . :  

. ,  • ° . e "  . . • o - o . -  - - . . . . . . .  * ° - " 

7.  7 O. 0 2 . 7 .  8° 0 8 .  I I 5 .  1 
622 6 ; 7  3,;3 0-0  7 ; 6  9 ; 9  
2 - !  6-'7 15-'8 5";5 I3: '3 17.'3 
Of 8 6 ; !  1020 6 f 9  16f4 27:'2 
0,:6 6 -2  8 ; 4  6 ; 4  1 6 ; 5  28.'0 
D;3 6,;2 5 ;8  10,:3 17,:8 2 9 f 2  
0;3 6 ; 2  5 ; 3  I 0 ; 8  1"8;4 2 8 ; 4  
0~,'2 6 ; 3  4 ; 5  I 1 ;5  1822 28-'6 

. .  - .  . m  

- 2 0 . -  

RATE g O 
g 'CO MH01: MASS 
C01¢V /H~ BAL.. 

. . . . . . . .  . ° . . .  . ~ . o  . . .  

0 . 2  26 9 8  
Of 3 31 98  
1 ; 0  60 9 7  
2 : 6  68  96 
~ ;  1 6 5 .  9 4  
6 : 6  70 93  
7..-'.3 62 ,93, : " '  ' " '  

• " 66 90" " 

, ' :  



EXPT.. NO.. - 
=_ - . • 

CATALYST - 
.° 

• i" • T a b l e  IV ( c o n t . )  < 

FISCHER' TROPSCI-! REACTION RESULTS 
., ,.i_..i_'_-. ;,.;.. - . . . . .  ,• 

sm~zzs 5,  ~ Z-A 

• COBALT ON KIE.~ZLGUHR ( 3 9  WT?, G0)$ HARSHAI~ GH~IICAL CO: 
N0..C0-0127.~ • PRETREATED INH2"FOR 8 HRS A'I" 4 0 0 C  
EVACUATED FOR 16 NTiS AT 330 G-'." 

~,IEZGHT " - 0 . I 0  G T O T A L  

REACTION TEMPERATURE = 226 G 
I NF~'IAL TOTAL PRESSURE = 701 TORR (0.92 ATM) 
IWITIAL H2/C0 RATIO =" 2,0 . . . .  
R EAGTOR VOLUME "' = 339 GO" 

...... o . . . .  . .... .' . . . . . . . . . . . . . . . . . . . . . . . .  • . . ° o.. • ~ . . . . . .  °,. * . . . . . . . .  . . . . .  ..... . . . . . . . . . . . .  ° . . . .  . . . . . . . . .  ° . . . . . . . . .  

• i ".;~ - MOLE PERC]gJTS OF CARBON-CONTAINING PRODUCTS IN GAS PHASE - 

REACTION 
TIME ¢ ~IRS ) C02 CH/4 C2H4 G2H6 G3H6 C3H8 C4 "S C5+ 
.... -_.__ _-._ ._._ ~- . - . . . . . . . . . . . .  =.- . . . . .  
° . .  • • . 4 . . . . . . . . . .  - . . ~ ° - = - .  .. • • . -° ° - -" - . . . . .  " ° ' " "  . . . . . . .  "'" . . . . . .  

0 . 2 5  11.3 5 5 . 3  2 , 6  6 .3  8 . 6  2 ,8  7 ,0  6 . 0  
0 ; 5 0  6.'8 63 ;0  I - 3  722 7 ; 7  4 ;0  5 .7  4:3 
1201 4;6  6523 0-'6 7-'8 5 ; 2  6 ;0  6-'1 42"5 
220 0 3 ;6  67.'8 0-'3 7 : 8  2*'4 72-2 5.~ I 527 
3 ; 0 0  3 ;3  - 6824 022 . 7 ; 9  I J 5  7 : 7  6 ; 0  5 ;0  
/4," 0 5 322 6 8 ; 8  021 72"8 1.21 7 ;9  5 2 8  523 
' 5;01 322 69;5 021 728 0"-'8 7;9 5 : 7  52"0 

.... MOLES PER t 00 HOLES OF .C0 CONVERTED 
RE~ . . . . . . . . . .  RATE 
TIME "C02 ~ G0 MHOL 
(HR> (Xi > 00~9 /Pn~ 
• .;----.; .'----A -;-" . . . . . .  

° . . .  = . - o  . . . .  . ° . . .  . . . . . . . .  

O. 25 6./4 I. 3 218 
0,:50 421 2;6  228 
I20 1 2.'8 5- 7 "25~ 
2 2 0 0  2-'2 11-'6 251 
3200 2 ; 0  17•22 240 
4.'05 2 ; 0  22,'9 230 
5,:0 1 2 ; 0  2 7 2 3  1 9 6  

. °  

m 

. o . . . , , o , o  

CH4 C2Hz~ C2H6 C3116 C3H8 C4"S C5+ 
(Xl} ¢X2) (X2) (X3) (X3) CX~) CX5) 

• . . . .  .° .o ... . . °  . . . . . . . . .  ° . . . . . . . . .  ° ... . . . . .  . .*. 

31 .3  3 .0  7-1 14.6  4 .8  I 5 . 9  17-0 
3820 1 ;5 8;7 1328 7.'2 13:7 1228 
39-'1 027 9- '3 92"3 1027 I"4.27 1325 
41,'0 0.'3 9;/4 424 1320 12*3 1723 
4125 0;2  9 ; 6  228 1420 14;'7 15*2 
41;5 0. I "925 221 14;4 1 4 2 0  16;I 
42-'8 02"I 9- '6 125 142.5 14-'0 152,5 

. .  • , °  

r 

~- - 2 1 -  . 

~C 
i,1 AS S 
BAL, 

.., ,,,e 

J o , . .  

99 
98 
97 
94 
93 
92 
91 

•f 

i.; 



Table :IV (cont.9 

EXPT..ND. - 
°. - . o 

CATALYS T - 

~,ISI GiIT 

FISCHER-TR0PSCH REACTION RESULTS 
___.%__.-'_..% ...... .~_..-'&. 

. . . o • . o . . . * : % .  • . ... • . • . o .  . . . . . .  , . . . . o , . . . .  

S.k-~IES 3. ,  RD%~ I - A  

COBALT ON KIESELGUHR C39 ~,~TZ GO);  HARS}IAIq CHEMICAL CO- ~ 
. . , 

N0-.C0-0127; PRETREATED IN H2"FOR8 HRS AT 4 0 0  'C 
E~/ACUATED F0P 16 HRS AT 3 0 0  C. 

0 - I 0  G TOTAL 

'.REACTION TE£.;PERATURE = 250 C 
INITIAL TOTAL PRESSURE = 697 TORR C0-92 ATM) 
INITIAL H~IC0 RATI0 = e.0 . . . . .  
R FACTO-~ VO L~;I E " = 341 CO 

m m  w ~  ~ am I m  I m M ~  m ~ m  m ~ m  l m  ~ m  m m  , , ,=  

. . . . . . . . . . . . . . . . .  e m I @ • • I • . . . . .  W • . . . .  @ • •  • m I • , m • • • b e @ . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

- MOLE PF_.~C~TS OF CARBON-CONTAXNING PRODUCTS iN GAS PHASE - 

~ACT ~ON "• . . . . .  
TIME CARS) COP CH4 C2H4 02H6 G3H6 C3H8 04"S C5+ 

• __.%_ . . . . . . . . . . . . . . . . .  _.-'_ 
. . . . . . . . . . . .  ~ . . . . . .  • -~ • . . . = • , . . . . . .  . o • . . . . . . . . . . .  

0-25 8- 0 73.1 0-7 7-9 3-6 3.9 I. ~) 0-9 
0 ; 5 0  5 ; 2  7 5 ' 2  O';Z~ 8 ; 0  2 ; 0  4,;8 3 ; 0  .t.'4 
1 ;00  Z4;0 77- '7 0; '2 8JO 0 ;9  5 ; 1  2 ; 8  1 ; 2  
1 ;50  3 ; 7  78;8 0-1 7;9 0;6 5;P 2;5 I';2 
2 ; 0 0  3 ; 6  79,;4 0 ;1  7 - 5  0 ; 4  5 ; 2  2 - 3  1 ; 2  
3 ;01  3; '6  80- '3  0J I  7;6 0J3 4J9 . 2 ;1  l -  1 
/,.;00 3 ' 8  80-',7 0 ' 0  7 ; 5  0 ; 2  Z~;7 2 ; 0  1,;1_ 

MOLES OF CO CONVERTED- .... 

• G3H6 03H8 C4 "S G5+ 
CX3 ) CX3) CX~) CX5) 

• , • = .. .... -~o ." • • = . - - -  • . 

8 . 2  3 . 5  
/4; 4 5 ;  1 
2 ;  ! 4 ; 5  . 
1 ; 3  4;6 
l " 0  4-7 
0 ; 6  /4;'2 
0 ; 5 "  4if 

,. . : .. 

8 . 7  5 . 8  
10;6 8 ; 9  
1 ! ; 5  8 ;  5 
11;9  7'6 

1 1 ; 8  -7; I 
1 1 . ~  6 ; 6  
1 1 ; 0  6 ; ' 3  

• , ' .  , -  

RATE Z G 
Z CO ~;HOL ZCASS 
CO',J 0 /;-m BAL. 

. . . . . . . .  . . . . . . .  , . . .  

-"l- 4. 7/47 "I'00 
9:0 '7 3 96  

q6;7 66/4 "" 95 
2 3 ; 7  591 95 
,~;9;8 ," 5 25 .. 9"5 
3 9 - 8  l;2zt 96 
4 7 ; 1  314 96 

. . . .  HOLES P E R  I O0 
REM~] 
T I M E  G0 2 OH/4 C2H4 G9~6 
(HR) CXI ) CXl ) CX2) CX2) 

0 . 2 5  6 . 0  5 ~ 9  I . !  1 ! . 8 "  
0;50 3-~ 55J0 0;,'5 = 11 ;7  
I ; 0 0  3 - 0  5 S ; 2  0-3 12 ;0  
1.'50 2 J 8  5 9 J 6  0: '2 I 2 ; 0  
2 . 0 0  2 - 7  6 0 ' 6  0 ' 1  . I t ; 9  
3. '0!  2 . ' 8  62J4 " 0,,'! | 1 ; 9 :  
4;0"0 3.;0 6 3 ; ~  . 0J I  I 1,;S: 
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EXPT, • N0, " 
. . . 

CATALYST - 

Table IV (con1:.) 

FISGHERmTROPSGH REAGTION RESULTS 

...° • . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . .... .°. 

SERZER 6, RUN "I--A 

COBALT 01~ KIESELGUHR (89 *,.IT~ C0)'~ HARSHA~.; 'CH""""""""""~IICAL. CO: 
N0. 00-01273 PRETREATED m H2"F0.R 8 HRS AT /400 C 
EVACUATED FOR 16 HRS AT 300 0 . .  

~ .Z  GHT - 0, 10 G TOTAL 

REACTION TEMPERATURE = 
ZNITIAL TOTAL PRESSURE 
T.',JITIAL He/C0 RAT~.O = 
REACTO R VO LUI;~E = 

275 C 
697 TORII 
2 , 0  
3zi l. CC 

(8.92 ATM) 

. . . . . . . . . . . . . . . . .  ° . . . .  • . . . . .  , . . . . . . . . . . . . . . . .  ° . . . . . .  . ° . . . . . . . .  . . . . . . . .  ° . . . .  ° ° . . . . . . . . . . . . . . .  

- MOLE PERCENTS OF CARBON-CONTAINING PRODUCTS IN GAS PH*%SE - 
. . o  . 

REACTION 
T~ME (HRS) C02 CH4 G2 I-U4 Gg/I6 GSH6 03K8 
. . . . .  .,." . . . . . . . . . . . .  " . ; _ _ .  . ; . . i  . . . . . . . . .  

. ° . . . .  f . . . . . . . . . . . . . . .  o = • . . . . . .  . ° . .  . . . .  . . . . . .  

. 0 , 2 5  3 - 6  8 7 - 4  0 . 2  5 - 9  0 -5  ! . 9  
D;50  3 - 5  88- '0  0,'1 5 ; 7  0 ; 2  1:'9 
0 ; 7 5  3 ; 6  88" '5  0 ; I  5 ; 5  0 : I  1 ;8  
1 ;00  3;S 8 8 ; 5  0-'1 5 ; 4  O; [ I ; 7  
1 ; 5 0  ' 4 ; 2  8 8 ; 5  0 ; 0  5 ; 2  0 ; I  1 ;6  
2 . ' 0 2  : 4 ; 8  87--9 0 ; 0  5 ; 2  ' 0 ; I  1 ;6  

04 °S C5+ 

0 , 4  0 . 0  
0- '~  0 . 1  
0,," 3 0-- 1 
0; '4  0 ;  I 
0 ; 3  0 ; 0  
0. '3  O,'O 

RE~ 
TIME 
(HR) 

0 .25  
0 ;50  
O; 75 
1 :00  
1 ;50  
2 ; 0 2  

.... ~/OLES PER I00 HOLES OF GO CONVERTED ..... 

C02 • GH4 C2H4 
(Xl) (Xl) ¢X2) 

-..'N m ~  . . . .  

...• .,. .. . . . . . . . . . . . . . .  

3.2 77.8 
• 3? 1 78;  7 
3 ; 3  80-'0 
3 ; 4  SO,'O 
3;9 80;8 
~4J4 $ 0 ;  1 

C2H6 
(X2) 

C3H6 . C3PI5 C4"S C5÷ 
(XS) CX3) (X4) (XS) 
- _ - _ . ;  _-__..: ___..; 

, . ° , "  . , . = . ° o - .  . . . .  - - o  

' , .A 5 . 2  i - S  0 . 0  1 2 . 1  
0-'7 5"-'2 1 ; 4  0:'6 2 2 ; 7  
02/4 4:8 1;1 0 ; 4  3 1 ; 3  
0--2 4 - ' 7  123 0 ; 5  38- '3  
0 ; 2  4 ; 5  1-'0 0: '2 4S;6 
0 ; 2  425 1:" 1 0 ; 2  5 4 ; 8  

# -  

0 .4  1 0.6 
0;2 1 0 ;2  
0 , ; I  9 ; 9  
0-'~ 9;.7 
0 ; I  9 ; 5  
0-1  9 ; 4  " 

•.L: 
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G0 MMOL NASS 
CONY /HI~ BAL. 

,. • • . . . . .  o,o . . . . . .  

2069 99 
.1800 100 
1z162 100 
1200 100 
87 3 99 
510 99 

f, 

,..., 

o 



T a b i e  IV (cont. )  

EXP T.. N0- • - 

GAT/~LYS J: - 

WEIGHT 

FISCHEI~-TROPSCH REACTION RESULTS 
." . -" ..i . . . .  

• . . . . . .  • • . . , °  ..~'. . . . . . . .  ° ° ..o , . . ..° . . ° .  

SER~ES 7, RUN'I-A 

COB~%LT 0N KIESELGUHR (39 %;TZ CO); H/~,RSHA~,T CHF-/~ICAL CO.. 
" NO C0-0127; PRETREATED IN He R3R 8 HRS AT 400 C ..... 

"E~2AG0"ATED FOR 16 HRS AT 300 G.. 

- .:.0-10 G TOTAL 

REACTION TEMPERATURE = 30 0 C 
INITIAL TOTAL PRESSURE = 701 TORR (0,92 ATM) 
INITIAL H2/CO RATIO = 2.0 " " 
RF-~%CTOR VOLUME " = 339 GG 

°.'" . . . . . . . .  ". . . . . . . . . .  °'° " °' -'°'' - ° .'- °'- .°~ -.--o - . . . . . . . . . . . .  • . . . . . . . . .  • . . . . . .  0.°. • - - 0. -. --0, -, o, °° • . ,  0., o°...0 0:. o 

- HOLE PERC~.NTS OF CARBON-GONTAINING PRODUCTS IN GAS P~!ASE - 
P~ACT.IO;g . . . . . . .  
TIME• (HRS) C02 CH4 G2H4 G2H6 G3H6 C3HS C4"S C5÷ 

" -.;.-' " ----- .l . . . . .  .-._ 

. . . .  • . °., . ° . . . . . .  . . . .... , . . . .  . . . . . . . . . . . . . .  . . °° . . . .  

0 . 2 5  6. Z~ 9 0 . 3  0 . |  2 ° 9  0 . !  0 .3  0 .0  O.O 
0 ;52  6 ;8  89J7  0;@ 2J9 O;'I "0;4 0;0 0 ;0  
1-'00 7 ;9  88 ;~  0 ;1  3 ; !  0 ;1  0 ;4  0 ;0  0 ;0  

1 ; 5 0  ' 8 ; 8  8 7 ; 0  OZl 3 ;2  0 :2  0 ; 5  0";i 0 ;0  

.... MOLES P ~ .  ! O0 MOLES OF. C0 C0.~VERTED ..... 

} ' ~  . . . . . . . . . .  . . . . . . . .  R A T E  Z C 
TIME. C 0 2  GH~ G2I'I4 C2H6 G3H6 C3HS C4~'S C5+ Z CO MMOL MASS 
CHR) ¢ X ! )  ( X ! )  CX2) CX2) ( X 3 )  ( X 3 )  ¢X2i) ( X 5 )  CONV /I'II~ B A L . .  

. . . .  . . .  . . . . .  . , . o  . . . .  . . . . . . . . . . . . .  o o . . . . .  • • . =  ° . , . .  . . . , ° .  

0, .25 .. 6 . 2  8 6 . 9  0 .1  5 . 5  0 -4  0-9 0 . 0  0-0 2 6 . 2  4444  98 
0,;52 5 ; 5  8 6 - 4  0¥1 5 ; 7  0 ; 2  1-'1 0 ;0  6-'0 40 ;1  2220 98 
1-'00 7 ; 6  8 4 ; 9  8;'1 5 ;9  0;2 I ; 2  0 ;0  0;0 51-'9 1034 97 
1;50 8 ; 4  8 2 : 8  0 ; 3  6-'1 0.'6 1 ;4  0 ; 3  O; I 5 6 ; 6  398 97 

• ~ . . . . .  . o  

, - 24 - 



EXPT, N0.'.- 

GATALYS T - 

WE I GH "i ~ 

Tabl~ V 

FIS CH~-TROPS CH RIZAGTION RESULTS 

• . . . . . .  o , ,  . ° ° * ° ° . °  o,- • o ° • : • . . . .  ° . . . .  o . 

SERIES il, .P~.i I-A 

• CO~h%LT-GRAPHITE ( 3 . 4  WT-Z C0)3 .V~T~0N 
NO. •$96503 PRETREATED ¢P.~0GRA/,~ TO /400 
• EgACUATED FOR 16 MRS AT 3 0 0  C~ H2S 
ADDED AT 2.51J 7. 63., AWD 13.05 HRS, 
0.5 G TOTAL 

REACTION T '~,IPERATURE. = 
INI TIAL TOTAL PRg3SURE = 
INITIAi. H~/C/J •RATIO = 
REACT0 R VOLUHE = 

CORF- • "GR/~DHI£ "~ ET ~ 
C'IN'H2 F0U 3 - 5  H~) 

DOSE (10Z- ~¢-'18?.) 
0"F REACTION-'" "* 

3 0 0  G 
697 TORR . (D.92 AT'>I) 
2.0 
341 GO 

,., . . . . . . . . . . . . .  o ° • . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . o , . -  • . . . . . . . . . . . .  ., . . . . .  ° . . . . . . . . . . . . . . . . . . . . .  

- MOLE P'F.~C~-,~TS OF GARBON-CONTAZNING PRODUCTS IN GAS PH£'.SE - 

P~AGT tODI 
TIME ¢ IEAS ) G02 

. . . . . . . . .  • . . . . . . . . .  . o 

O, 27 6, 9 
0 ;75  7,1 
1 ;00  7J7 
1.'50 8 : 6  
2J03  9 ; 4  
2 ;50  9 ; 9  
3J O0 9;9. 
3250 9;7 
6J50 9JZl 
8 ;00 9 ; 2  

12 :00  879 
1 3 7 0 0  8 ; 8  
14;OO 8 ; 8  
[ 5 ; ' 0 0  8;7 

. . ° • . . 

CHz, C2H4 C2H6 C3H6 C3H8 C4 "S C 54 

. . . . . . .  . . . . °  . . . . . . . . . . . . .  . . . ° . , . - 

56. 5 8 . 3  7 . 3  12-5 2- 7 4 . 5  1- 2 
5 7, 8 4 ;  1 9,'3 9 ;  5 4-. l  5 ,  z: 2-.~ 
5 8 ; 6  3,~2 9 ; 9  825 4; 8 4 ;  9 2 ; [ '  
59, '7  2 ; 3  lOJ6 6 ; 8  5 ; 5  4 ; 3  2 ;Z  
60 ;0  1,'7 11,0  5 ; 5  6 ; 2  zl:3 t . ¢  
6 0 ; 3  I ; 4  11,;0 4;7 6 ; 8  3 . 9  2 .~  
60;7 I ; 4  10 ;9  4.'6 6;6 z,:2 1 . 3  
6 0 ; 8  1.'4 1 0 ; 9  4 ; 5  6;5 /4.2 2;{ '  
63;7 1.3 10.-3 Z4;3 6;2 3~2 I-#, 
6471. 173 lOu l  4 ;1  6 : 2  3 ; 5  ]. .5 
66-'5 I J l  9,:5 3 ; 6  5 ; 6  3u3 I . . : ;  
6 6 ; 4  I;I 9;5 3-6 5;6 3;zi  1.6 
67:0 I; I 9;3 3;6 5,6 3;3 1 :*q 
6713 1 ;1 9 ' 2  3 ; 5  5 ;  S 32 2 I -'5 

REXN 
TIME 
CHR) 

0.27 
0 ;75  
1;00 
1;,'S 0 
2 , . ' 0 3  

R -  2 ;50  
aS " '~'3; 00 

3J50 
H ~_..~6;50 

zo 8 ; 0 0  
12,0 

• ' ' 0  

1570  

MOL~ ?I~ 10"0 MOLES OF C0 CONVERTED 

• 4.2 34.4 1 0 . 1  
4;3 34;6 zj';9 
4;7 35;9 a;0 
5;'4 37.'5 2;8 
6.'0 3872 2'.'2 
6-'3 38;8 1 ;8 
6;4 39;3 I ;8 
6;3 39~3 I;'8 
6:3 42;9 I ?7 
6-'2 43;I I;7 
6.~ 46.'0 !-'6 
6? 0 45; 7 I'; 6 
6;I~ 46 ;5  1"-'5 
6z1 4 6 " , ' 8  I ; 5  

8, 8 
1 1 ; I  
1 2 - 2  
13:Zt 

• I4" ;0 
14"-'1 

"14;1 
14 ;0 .  
13-9 
1 3 ; 6  
I3 -2  

i 3 ; 0  
1 2 - ' 9  
1 2 ? 8  " 

. °  

. ' , .  

. . . . . . . . . .  RATE % C 
C3H6 C3H8 C4"S C5+ % GO M:'40L ;.|ASS 
CX3 ) (X 3 ) CX/J) (15) GONV /HR BAL- 

m= 
. . . . . . . .  . • . . . . . .  .,o . . . . . . .  .. , • o . .  ,.o . 

22,  8 5,  0 11, 0 3,  7 2, 4 381 o26 
17; I 7;/4 12;6 7;9 6;3 344 9z; 
15J6 8'8 1~.'0 6;9 7;6 225 94 
12;8 10;4 10;7 7.0 9.9 191 05 
10J6 1 t.'.'9 1 I ; 0  6: '0 Z l ; 9  162 95 

9 ;1  13;1 10J1 6: '6 13 ;3  126 9:_'. 
8 / 9  12 ;8  i0 , ;9  5 ; 8  1=3;5 14 93 
8d8 12d6 10;8 6 " 5  13;8 24 93 
8 , 6  12;6  8 ; 6  5 - 4  14;  1 5 92 

. 8 ; 3  12;5 9;/4 5 ; 2  14 ;5  11 91 
7-4 11;7 "9J1 4;8 15;I 6 89 
7;5 II:'6 9";3 573 15-5 18 90 
7;a 11:'6 9:2 4;8 15;4 -4 89 
7;3 1 1 ; 5 "  8 ; 9  5 ; 1  15 ;6  '7 86 

- 25 - < ' .  

CO 2 0H4 G- °- H4 (;2 H6 
. (XI  ) ( X I )  (X~) ( X 2 )  

. . . . . . . . . .  o , . .  . . . . . . . . . . .  . - "  



Table 'V (cont.) 

EXPT,. NO • - 

GAT~LYS T - 

'3EI 8HT 

FISOHER-TR0PSCH REAGT ION RESULTS" 

SERI~-S 13. ~ I-A 

COBALT-GR~I~H'ITE (3.4 WTg C0); VI~'~RON CORP. °GRAPHI~IET • 
N0, 89650~ PRETREATED (PROGR~/~ TO /400 C IN-H2 FOR z4. O }IR) 
EVACUATED FOR I~ HRS AT 300 C, H2S DOSE (~S?.-l..~g-~o~Z) 
ADDED AT 8-'~3, I. 77~ ~%WD 3.53 HRS OF REA~TtOZq~ "" 
8.5 G TOTAL 

300 C 
697 TO 
2 .0  
3'J. [ CC 

¢ 0- 92" ATM ) 
REACTION TEn, PER ~TURE = 
INITIAL TOTAL PRESSURE = 
INITII%L li~/CO RATIO = 
RE/%CT0 R VOL[~:IE = 

. . . .  @ . . . . . . . . . . . . . . .  i~ . . . . . . . . . . . . . . . . . . . .  g . . . . . . . . . .  Q ~ ~ ml O dt I g Q . . . . . . . . . . .  D . . . . . . . . . . . .  

- MOLE PERC~gTS OF C-'\.RB0.W-CONTAINING PRODUCTS IN GAS PHASE - 
}lEA CT I0N . . . . . .  
TIME (]~IRS)" C02 C}I4 (~2H4 G2H6 C3H6 03-q8 O zi'S O 5+ 

. . . . . . . . . . . . . . . . . .  , . ° , . . . .  ° . . . . .  . . . . . . . .  

0.25 5.9 57:5 5-5 9-6 ' I0-8 3.5 3.0 4.2 
0;50 7;0 59~8 0:9 10:9 822 SJO 4;4 I.'9 
1-00 7:9 60;3 I:9 I125 5-9 6J2 4-/4 e, 0 
1.'50 8 J 4  5 0 ; 7  I . ' 5  1 1 , 7  5 : I  6 - 6  4,;2 1"27 
I g 7..5 . S:? 60:7 1:4 11.'8 a;7 6/8 4;2 128 
~-.'e 5 8:7 60,9 l,zl II;6 425 6-8 4*'2 1:9 
3~00 8-'.7 61~6 I~3 11:5 4;5 6:7 4:0 I;7 
3-50 8 - 7  6 1 . 8  I ; 3  11J/-4 /424 6 2 7  /~:8 128 
4 : 2 5  8:7 62-2 1 : 3  11-3 4 ;3  6,'.7 4:0 1.7 
5;08 8 ; 6  62='6 IL8  11-2 4~2 626 328 1 ; 6  

- 5-'50 8 / 6  6320 I , ' 2  I 1 / 2  /121 6 - 5  3:8 1 : 6  

. . . .  MOLES PER 100 HOLES OF GO COI~VE~tT~D . . . . .  

TIME d32 OH4 CgHZt  C2H6 C3H6 
(HE) (XI) (XI) (X2) (X2) (X3) 
.... . .... .'._--- .j._. _" ,,_-' -' 

.. , ,.o . . , . . . . . °. o o . . . :  . . . . .  

1 :  oo s - o  38:0  ~.'8 1 4 - 4  1122 
I250 5;/~ 3829 i ¥9  1S;O 9 : 8  

"li S__~I-" V5 5 : 6  39. '0  128 I S / !  9 : 0  
2 2;25 5 ; 6  39:1 Z;7 IS;O 827 

3:GO 5 ; 7  4 0 : 1  1 : 7  15-'0 8¥7  
h ~__~3:50 5J°/  4 0 ' 1  I.'.7 1428 8;5 
z~ /4:25' 5-'7 " 40;6 1.7 14.8 8:4 

S;0O 5-7 41:e I-.7 14,8 8;3 
5:50 5;7 4|:6 I16 14:7 ' 8:2 

RATE % C 
C3H8 C4"S C5+ g GO ME~0L MASS 
¢X3 ) ¢X4) (X 5) CON(; /HR B.~/,. 

m ~ m m  w m w m  m w w m  m w  anti" 

. . . . . . . . . . . . . . . . .  , . . . . . . .  . o 

6-2 7o ! 12. 3 4-6 788 98 
9;3 !I:I 5-8 6;5 , 655 98 

11~7 11. I 6 : 8  l e . ' 6  358 95  
12 -7  10:7  5";6 1422  134 96 
1321 10"8  5-'7 15:0. i 3 9  95  
1 3 : I  1027 6 - 0  15- '3 19 93  
13;I 1OL3 5-5 15-4 9 94 
1321 1 0 : 3  5 : 8  1527 19 93  
1311 i 0 - 4  5;5 1 5 ; 6  -2 93 
132 0 102 1 S; 2 15','7 "'6 92 
12J9  10 ;0  -S*'e IS : ' 8  5 92  

. .  . .  
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