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cressure and an orcer of -0.1 for the cardcn mornoxide

partial pressure.
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APPENDIX B

IRON-MANGANESE CATALYST CCMPCSITION




-

The compositicns of the copracigitated iron-imzngznese C37317SL5S

-
!

were detersined by atomic adbscrotion speciroscooy. ne szecrIrIInohto-
meter was a fodel 351 manufactured by Instrumentaticn Laboratory inc.
The iron and manganese hollow cathode lamps that gave sharp emission
lines used in this spectrophotometer were made by Westinghouse
Flectric Inc. Standard iron and manganese solutions were purchased
from the J. T. Baker Chemicals Company to calibrate the insirument.
Standard iron and manganese solutions containing 0.5, 1, 2, and
4 ppm of metal were prepared for each determination. Sample
solutions were prepared with the addition of heat and hydrochloric
acid to dissolve all the catalyst powder. The concentration of metal
in this initiai solution was 1000 ppm. The sample saiution was then
dilutes to lower concentrations until the measured metal concentra-
tion (iron or manganese) was in the range between 0.5 to 4 ppm. A
comparison of the absorption intensity readings for the standard
solutions and the sample solution indicates the composition of the
‘iron-manganese catalyst. The following calculations illustrate the
method used for the determination of the catalyst iron to manganese
ratio. The calibration of the instrument with the prepared standard

solutions gave the following resutts:

Standard
Standard Iron Absorptian Manganese Absorption
Concentration Intensity Concentration Intensity
a, (ppm) : M b, {ppm} N
0.5 0.015 G.5 0.048
1.0 0.029 i.0 0.096
2.0 0.070 2.0 0.196

4.0 0.138 4.0 0.382
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Trnese data can be correlated as foilows, howsver, the constants
apoly only to the ca%ta reported in the fgreaoing sa2t of data.

For iron, M = 0,035 a - 0.0038; and for wanzanese, N =
0.095 b + 0.0015.

A 2 ppm iron-manganese catalyst solution tested for the iron
absorpticon and showed a reading of 0.043., Using the linear
correlation equatin for iron standard solutions obtained from the
calculation in the previous page, the actual iron content in this

2 ppm catalyst solution. was calculated as
a = (0.043 + 0.0038)/0.0356 = 1.3135‘(DPmJ

For a 100 ppm catalyst solution, the iron content was

1.3135 x (100/2}) = 65.6738 (ppm) .

The manganese content in the catalyst solution could be caiculated by
the same method. Because the manganese content in the catalyst was
much lower than the iron concentration, a 100 ppm catalyst solution
was tested for the manganese absorpticn. The manganese absorption
reading of the 100 ppm catalyst solution shown on the digital display
was 0.115. Using the linear correlation equation for manganese
absorption, the actual manganese content in a 100 ppm catalyst

solution was calculated as:
b = (0.115-0.0015)/0.095 =1.194 (ppm} .

The manganese to iron ratio of this catalyst could be calculated as

1.194:65.6738 = 1.82 : 100.
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APPENDIX E

HYDROGENATICON OF CARBOM MOHOXIDE
BLANK REACTOR EXPERIMENTS
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Tne gdeterminatian of the activity zand selectivity of the iraon/
system over a wids ringe of (3TI:araiura2s and
cressures n 2 stainless stesl reaactor system roduiraed that the
activity of the reactor itself te determined. Furihermore, the

catalytic activity of the catalyst bed diluent, Censtone 57, and the

r

D
(1]
)
«t
-
-~

ity of the heat transfer medium were determined in the
zxsenca of the catalyst.
The conversion of carbon monoxide in a blank reactor as a function

of reactor temperature at a reactor pressure of 3450 KPa is presented

or

in T

o1

le £~-1. No significant change in carbon monoxide conversion was
observed as the reactor temperature increased from 297 K to 628 K.
Thelfracticn of carbon monoxide converted at 628 K &nd 3450 KPa was
cnly C.CO18. -The only hycrocarbon product detected in the effiuent
stream was methane,

The.conversion of carbon monoxide in a reactor loaded with acid
washed Denstone 57 particles as a function of reactor temperature is
presented in Table E-2. No significant change in carbon monoxide
conversion was dbserved as the reactor temperature increased fromﬁ442 K
to 573 K, howe;ér, the conversion was slightly higher than that
observed for the blank reactor without the Denstore 57. This increase
in conversion is at:iributed to the increased surface area due to the
presence of the béﬁétdne 57 in the reactor. The fractionaof carbon
monoxide cenverted at 573 K was 0.0021 and was censidered insignifi-
-cant relative to thé'conversions attained in the presence of the iron/
manganese cataiysts? Once again, the only hydrocarbon product
detected was methane, The conversion was approximately 33 pefcent

higher at 523 K, however, relative tothe conversicn in the presence of




Taple E-1
Carbon Monoxide Conversion

Blank Reactar

Total Pressure: 3450 KPa
H2/CO Ratio: 2/1
Reactant Flow Rate: 10 emds”!
Reactor Carbon Monoxide
Temperature Conversion
K ole Percent
297 0.195
423 0.216
448 0.162
483 C.163
532 0.167
583 0.158
628 0.178
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Table E-2
Carbon Moncxide Conversion

Censtone 57 Dilnent

Total Pressure: 3450 KPa
H2/C0 Ratio: 2/1
Reactant Flow Rate: 10 ems ]
Reactor Carbon Monoxide
Temperature Conversion
K ' Mole Percent
" a4z C 0.209
463 0.205
489 0.195
503 0.200
538 ' 0.202
573 0.209

628 ' 0.284
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the catalyst, it wes s%311 insignificant., At 623 X gthane and carbon
Jioxide were detect2d in the effleunt strzzm in zdditicn Lo methane.
This obsarvaticn lad to a cefinition of an upper limit on the
reactor temperature 2s a process variables, that is, 573 XK. Thus it
was concluded that neither the reactor nor the catalyst bed diluent,
Denstone 57, would contribute significantly to the conversion of
carbon monoxide at temperatures and pressures studied in this
investigation. | |

The heat transfer liquids used in this investigation, Mobil #]
base stock MCP-151 and n-hexadecane, wire passed through the

3571 in the

Dehstone 57 loaded reactor at a flow rate of 0.103 cm
presence of hydrogen and carbon monoxide., The operating variables in
these experiments were: a reactor temperatuie of 543 ¥; total reactor
pressure of 3450 KPa; a hydrogen to carbon monoxide ratio of 2/1 and a
reactant gas flew rate of 10 cm3s']. The carbon honoxide conversions
at these conditions were 0.214% and 0.238% for the MCP-151 and the
n-hexadecane, respectively.

The heat transfer liquids were also passed through the blank
reactor at reaction temperatures and pressure to determine the extent
of thermal decomposition/cracking. No hydrocarbeon products were

detected in the effluent stream during these exgeriments.
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APPENDIX F

SCHULZ-FLCRY DISTRIBUTION LAU
DATA Ai,J SAMPLE CALCULA: ION
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rovever, wide acceptance 57 tnis mechanism wes not obizinesd untid
73 4 . . ) . .
1575 ne Schulz-Flory waight distribution law can e derived as
follows: For & typical polymerization reaction, it s assumed that

the value of the chain growth probasility, =, is a constant, then,

where $p is the nunter ¢f product Cp and p is greater than g. There-

‘ore, if g = p - 1, the abcve equaticn can be writien as

The weight fraction of Cp can be represented 2s follows:

w©

= A L Z
“p pep/ Lpypip)

-1 1 -1
= p¢1~1p /(p=~|D¢1~'—1p )

= pap_T/(l + 22 4 3&2 + 00
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Pl (1 - )2,

For a greater than 0.5, this equation can be written as:73

a) of

_ 2
mp = p(1ne

or

f1m 2
1og1o(mp/p). = p 109?0“ + 109]0(1ne a)
Plot 1og1o(mp/pJ versus p, a straight line, cen be obtaired with-a
slope of ]og]Oa. The value of o can be calculated from both the

slope and intercept.

A special series of experiments were conducted to test the Schulz-
Flory distribution law for the hydrogenation of carbon monxide in the
diluted-bed reactor with the iron/manganese catalysts. The reaction
conditions were: reaction temperatures 518 K and 533 K; pressure =

3g°1s']. Each experi-

3450 KPa; HZ/CO = 2/1, and space velocity = 1 ¢m
ment 1astéd for a period of eight hours. Several gas samples were
taken during the course of the experiment and analyzed by gés chromatc-
graph as described in Chapter 3. Usually the carbon monoxide con-

versions and hydrocarbon product selectivities varied in a range of
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5 percent. The aritnratic average of these analyses wis &si.ied 10 oe
typical of the composition oF the oroduct gas in this calcuizticrn.

“he absalute weignt ¢f each comporent in the gas serDie -335 caicuiatad

-

as shown in Table F-1. Rocm temperature and pressure of the
laboratory were 298.15 K and 87.£5 KPa, respectively. Tre liguid
hydrocarbon procduct collected in the condenser during the eizkt hours

of the experiment was 1.16671 grams. The average flow rate of gas

35'1. The total output

gas volume during eight hours was 6.832 x 360C x 8 = 196761.6-cm3.

str..am at the exit of the system was 6.832 c¢m

The weight of the liquid hydrocarbon product collected in the concen-
ser corvesponding to one cm3 of gas sample was 1.16671/136761.¢ =
5.9296 x 1078 grams. The composition of liquid hydrocarbon product
was analyzed in the series 573CA Hewlett Packard gas chromatograph as
described in Chapter 3. The weighf percent of each compcnent in the
liguid hydrocarbon product is presented in Table F-2. The FID
response factors for all hydrocarbons were assumed to be unity in
this calculation. The assumption was based on a recent repori by
Dietzgs.who investigated FID response factors for hydrocarbons and
found the values are all approximately 1.0 except benzene and
toluene. The value of the 1og1o(mp/p) for each carbon number at a
reaction temperature of 518 K is listed in Table F-3. Figure 23 was
plotted from the data in Table F-3. The value of the 1og]0(mp/p) for

each carbon number at a reaction temperature of 533 K.is listed in

Table F-4. Figure 29 was plotted from the data in Table F-4,



Table F-i

Gasegus rydrocirpon Product Analysis

0iluted-Bed

Reactor

Temperature = 533 K; Pressure = 2450 KPa;

Hé/CO = 2,:, Space Velocity = 1.08 cm g

3.-1.-1

Component

CH,
CoHy
CHe
CoHg
Cofig

1-C4fp

1-CgHg

n-Cqfyg

2-CHg
Csfio
Csiz
Cefr2
Cetia
CiMig
CoHe
Cghs

Cafig

Partial Yolume
Percentage
Gas Sample

0

0.
0.

1.1067
.3037 -

2940
4047

.1293
.0092
1276
170
L0671
0963
L0733
.0410
.9110
2802
1614
L0816
7345

Molecular Absolute Weignt™

Heig?% in 1 cm3
{g mol ') Gas Sample

16 6.2552 x 107"
28 3.0040 x 107"
30 3.1157 x 197°
42 6.0045 x 1070
44 2.0098 x 107°
58 1.8850 x 1077
56 2.5242 x 1070
58 2.3972 x 10°°
56 1.3274 x 107°
70 2.3813 x 107°
72 1.8644 x 107°
84 1.1991 x 1078
86 1.1879 x 1078
o8 © 7.2960 x 1077
100 7.6353 x 1077
112 1.2191 x 1077
14 3.5175 x 1077
Total 3.5486 x 1075

*
Absolute weicht of each component in 1 ¢m3 gas sample collected at
87.65%Pa and 298.15 K,

[AS]

h




Tible F-2

Licuid #ydrocarbon Product 2raigssis

Diluted-Bed Reactor

Temperature = 533 K; Pressure

2450 KPe,
3 -1 -

HE/CO = 2/1, Space Velocity = 1.08 ¢m™g 's

]

Carbon Number Peak Area
7 27
8 79
9 139

10 156
11 155
12 137
13 113
14 83
15 62
16 57
17 48
18 42
19 38
20 33
21 25
22 23

Total 1222

. *x
Weight Percent

2.
6.
11
12.
12
11

100.

2095
4648

L3748

7660

6341
21
2471
2013
0736
6645
9280
4370
1097
7005
0458
8922

Qooo

*
For each hydrocarbon component, the response factor for the

FID was assumed to be one.
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Table F-3
Schulz-Flary Sistribution Law Zalaulation
0iluted-Bed Reactor

Temperature = 518 K; Pressure = 2480 KPa,

Ho/€O = 2/1; Space Ve1qcity =] crnag"15'I
. Weight
ﬁ:;ﬁg: . Relative Fr?;t;on Loa. ~(m_/p)
__p) Weight D 9y gim /1
] 2.720 x 10°° 3.006 x 107 -5.002 x 107
2 1.262 x 10°° 1.437 x 107! .14
3 1.660 x 1072 1.890 x 107 21,201
4 1,334 x 1072 1.519 x 107 21.421
5 8.460 x 107° 9.630 x 107° -1.715
6 2.640 x 107° 3.005 x 1072 -2.300
7 1.570 x 1078 1.787 x 1078 -2.593
8 3,531 x 107/ 4.019 x 1073 -3.299
9 1 9.364 x 1077 1.066 x 107¢ .2.927
10 1.167 x 1070 1.328 x 1072 -2.877
1 9.211 x 1077 1.049 x 107° -3.021
12 5.373 x 1077 6.116 x 1073 -3.293
13 3.377 x 1077 3.844 x 1073 -3.529
14 2.767 x 1077 3.150 x 1073 -3.648
15 1.966 x 107’ 2.272 x 1073 -3.820
16 1.650 x 1077 1.878 x 1073 © -3.930
17 1.420 x 1077 1.616 x 1073 -4.022
18 1.075 x 1077 1.224 x 1073 _4.168
19 8.443 x 10°° 9.611 x 107° ~4.296
20 5.680 x 107° 6.466 x 107" ~4.490
21 4.298 x 1078 4.883 x 1078 -4.633
22 3,070 x 1078 3.495 x 107° -4,79%
23 2.303 x 10°° 2.622 x 1072 -4.943
24 1.979 x 1078 2.184 x 1074 -5.041
25 1.689 x 1078 1.923 x 107% -5.114




Schulz-Flory Distribution Law Calculation

Temperature

= 533 K; Pressure = 3450 KPa;

H2JCO = 2/1; Space Velocity = 1 t:mag'j's'1

Table F-4
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_
Coroon - Reletive praction

(p) = (gram) (m_) (mp_/p) LOQ]‘O(meD)
1 6.2550 % 1078 1.5104 x 107 1.5104 x 107 -2.2092x 107"
2 6.1197 x 1076 1.4776 x 107 7.3882 x 10°%  -1.1315

3 8.0143 x 1075 1.9351 x 107} 6.4503 x 1072 -1.1904

4 6.4373 x 107  1.5543 x 107 3.8858 x 107 -1.4105

5 4.2457 x 10°8  1.0251 x 107 2.0503 x 1072 -1.6882

6 23870 x 108 5.7635 x 107 9.6059 x 10°°  -2.0175

7 16841 x 10°®  4.0663 x 1072 5.6091 x 1070 -2.2359

8 8.5700 x 10°]  2.0693 x 1072 2.5866 x 107> -2.5873

o 6.7448 x 1077 1.6286 x 1072 1.8095 x 1073 -2.7424

10 7.5697 x 1077 1.8277 x 1072 1.8277 x 1073 -2.738]

1 7.5211 x 1077 1.8160 x 1072 1.6509 x 107> -2.7623

12 6.6477 x 1077 1.6051 x 1072  1.3376 x 107> -2.8737

13 5 4831 x 1077 1.3299 x 107%  1.0184 x 1075 -2.992]

14 4.2701 x 1077 1.0310 x 1072 7.3686 x 1070 -3.1329

15 3.0084 x 1077 7.2639 x 1070 4.8426 x 107°  -3.3149

16 2.7658 x 1077 6.6782 x 1075 4.1739 x 1070 -3.3795

17 2 3291 x 1077 5.6237 x 1073 3.3081 x 1071 -3.4804

8. 2.0380 x 1077  4.9200 x 1073 2.7338 x 107%  -3.5632

19 ) 8439 x 1077 4.4522 x 1073 2.3833 x 1070 -3.6302

20 16073 x 1077 3.8664 x 1072 1.9332 x 107% -3.7137
21 1.2131 x 1077 2.9291 x 107> 1.3948 x 107%  -3.8555

22 1el x 1077 2,696 x 1070 12248 x 1070 -3.9m9




APPENDIX G

CARBON MONOXIDE HYDROGEMATION OVER JRON/MANGANESE
CATALYSTS: DILUTED-BED REACTOR, PROCESS
VARIABLE DATA
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The process variable investigation in the diluted-bed reactor
included a cezerminaticn of the effects of reactor temperature, ra2actor
oressure, space velocity and hydrogen to carbon monoxide on the
activity (as mezsured by carbon monoxide conversion), product distri-
bution {as measured by methane, C2-C4 hydrocarbons, CS+ hydrocarbons,
alcohols and carbon dioxide yields) and selectivity {as measured by
the olefin to paraffin ratio of C,-C, hydrocarbons). The data for
the hydrogenation of carbon moncxide in the diluted bed reactor
obtained in the course of this research project are presented in

Tables G-1 through CG-10 of this appendix.
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