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ITEM 9: Oven 11, Filling 13‘Complete Records (Cont.) A 1

Data sheets for 13th fiilingwof Oven 11, pressure experimentel
plant using iron catalyst at 20 atm, pressure and a temperature of 200~
225°C.

a) Percentages of benzine, oil and paraffih, specific weight,
boiling ranges and olefin content.

b) Production reports givinb gas analyses and amounts of rest pas,
synthesis gas, water gas and recycle gas used, conversion and
Iiquefaction figures, yields of products. "

. ¢) Gasol yields and unalyses.

= Graphical records-of * CO and % H, conversion and % CO, end 372
% CHq calculated on CO conversion. Ordinates are temperature and %,
absclssas are dates and catalyst hours.
raphlcal records of redt gas, recycle gas, watar gas and con-
sumption, ordinates are temperature, and Fn/bo ebscissas are date and -
catalyst hours., eaj“;d T
Graphical records of % olefins ir benzine to 200°C. and oil
200-320°C. Ordinates are % paraffin and % olefin, absclssas are date and
catalyst hours.

8 Percenteges of benzine, oil and paraffin, specific weight,
boiling ranses and olefin content.

ITEM 10: Graphical Records, Januery to August, 1944 - Refining 431

Analyses of cuts, light benzine and sas oil, alkazid plant,
Diesel oil-caustic, gas oil-caustic.

T —— K

ITLM 11: Official Test of Iron Catalysfs, Data ‘Sheets from 1944 440

/

\ Giving gas analysis, total product, oleflns, paraffin, alcohols,
esters, acids, aldehydes and ketones, yields/h. without and with methane,



ITEM 12:

'Data Sheefs for Cvens33 and 34

Days, temperature m, /h., 6 contractlon, % CO + Hy converszon,

% €05, % CHy, % Cg, . gasoLﬁn 3'end gas, g. llquid products/h gas,

ITEM 13: Dute Sheet on Determination of Sulfur by Different e thod s
TTEM 14 Instruetlons Regarding Works Laboratory »
Names of analysts and time requlred for analyses.
ITEM 15: "Feinreinigung lemorandun
. A‘short report on sulfur removal "Feinre1nigung regard1ng .use
of a heat exchanger.
ITEM 16: General Synthesis Operation
1, Memorandum of NMay 22, 1940
"a) A discussion concerning calculation of ylelds from analytical
data for licensees.
b) uelity of cegﬁlysts. 'Complaints regarding catalyst quality
may be on account of the quality of kieselguhr used in making
v the catalysts, iiscussior about reduction of the catalyst tem-
perature of reduction should be as low as possible. (are must
_be tuken that containers are closed tightly so that no air mey
get to ths catalyst.
¢) Short distussion about damages due to the quality of the water
used in the medidm pressure synthesis plant.
2, Hemorandum of November 23, 1940
a) Discussion regarding supply of rest gas, steam, water gas and
coks . . Z
b) The "Feinreinigung" (S removal) has to purify 75000 m.® water,’
o 5as/h _ A hanadt
¢) Conversion plant. Bacteria formr H4S in the cooling water.
This can be inhibited by addltlon of zine chloride. Cl, is
not suitable because it is used up completely in the upper
water layers,
d) Discussion on poor performances of compressors due to corrosion,
espec1a11y of packings. ’
o) Data about synthesis: During October 5055 tons liquid products”

were produced (includlng gasol 5669 tons).  ‘In"normal pressure
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synthesis gasol production was 19-25‘g;/h.5 ideal zas, that

is 17 per cent, in the pressure synthesis 14-16 g./m.3 ideal
gas, that is 11 per cent caloulated for 1liguid products. This
compares favorably with results of other synthesis plants.

~The-ideal gas yields in normal pressure synthesis are 124.9/

- T)

g)

h)

ITEM 17:

144.1 g./Mm.® and in pressure synthesis 134.6/147.7 g./fm.3;

"the average for both is 130,2/146.1 g./Nm.3. The space ve-

locities are 656 and 586 Nm.® synthesis gas/h., respectively,
and in medium pressure plants the H,/CO is 1.8,

A heater was installed for synthesis gas II. The hot synthesis
gas II gives better conversion, The same is intended for the
normal pressure plant and’ for the new recycle project.

Difficulties of emptying the oven in medium pressure synthesis
were overcome. These difficulties were due to improper starting
and damages by water.

The so-called "wet recycle with injectors” is a success. It
consists in starting with the end-gases from the ovens, which
contain all reaction products.

Corrosion in the end gas pipes of the pressure plant may be due
to electrical corrosion by cobalt dust which deposits in the
fine fissures of the pipe.  The corrosion was observed only on

_the bends of the pipe. R

Comparisoﬁ of Operation Methods at_Rheinpreussen, ' 470

Essener Steinkohle and Ruhrbenzin

Remarks concerning & lecture of March ll,lespecially'aboufj

operation and defects in the synthesis at Ruhrbenzin.

5as flow. The water gas from the generators flow first into

a gasometer; from here it flows through two parallél crude purifiers and
then part of the gas goes through the fine purifier and another part
directly to the medium pressure plant. Part of the gas coming from the
fine purifier is taken off for conversion. Steem injectors are used for
conveying the gas. The water gas and conversion gas are blended to a
CO/H, ratio of 1:1.8.

Of the products obtained, only the paraffin of the medium pres-

sure synthesis is collected separately. The oil and benzine from both
plants are collected together and fractionated. '

The defects are as follows: Comparing the gas flow 6f the three

plants, it was pointed out that gas mixing at Ruhrbenzin is not intensive
because the setting of the CO/H, ratio is made directly at the synthesis
installation,



In the water gas plant there are several defects, mainly diffi-
culties with -the grades and irregularities in the size of coke and its
water content :

‘Dus to the lack of Theisen washers, dust and soot are deposited
in the crude purification. Furthermore, as soon as the gas from the crude
purification contuins more than 0.3 per cent oxygen, sulfur precipitates
in the fine purification and a long time is necessary before satlsfactory
operatlon is again obtained. &

Conversion. The variations in steam pressure which oocurred
rather often are responsible for many variations in the conversion and
deficiencies of the synthesis. The bacteria which reduce sulfate to

_sulfide in the cooling water is controlled by an addition of ZnCl,.

The salt entrained with the steam is deposlted in the uppermost
oatalyst layers which gives higher resistance and lower performence. In
order to keep these deposits away from the catalyst a coke layer was edded
but this was not successful. 4 layer of crushed bricks was better,

. B Ogeratlon. At present an oven is started wt 150°C, with 500 m. 3/
“hr. synthesis gas II.- Until March of last year an oven was started with -
500 m.3/hr. synthesis gas I and the temperature was increased in such a °

way that a CO contraction of 60 to 65 per cent occurred. This was mein-
tained for about 36 hours. Then, when the conctraction decreased, the
amount of gas was increased and the temperature increased until the pre-
vious contraction was obtained. The defect of this operation was that
during the first 36 hours, the synthesis gas was converted almost com~
pletely to methane and appreciable carbon dep031tlon occurred in the upper
part of the oven, This upper layer was then unsuitable for further action.
In order to avoid these defects, the oven was started with recycllnb in
such a way that at first 1,000 m.%/hr. end zas II were used and in addition
500 m.3/hr. synthesis gas I. Contraction was then kept to 45 to 50 per
cent for about 1-1/2 to 2 days. It could be observed that mathane for-
mation decreased appreciably. after two days the end gas II was reduced
to 503 m.3/hr. and the synthesis gas was increased to 1003 n.%/hr. After
one more dey, recycling was stopped and the oven was charged only with
synthesis gas. This method had the defect that the amount of gas could
not be kept constant and therefore differences resulted in the composition
of the synthesis gas. The oven was thereforé started as praviously in

the second_stage which avoids larger differences in the composition of

the starting gas end makes the control of the oven more simple. Similar
to Rheinpreussen, the oven is operated for a few days with 500 m.3/hr,
synthesis gas II, and then 1ncreased to as large an amount of gas as pos-
sible.

Chenging from the first stage to.the second stage could not
always be done according to plan because the ovens in the second stage
'did not keep the desired temperature due to-low space velocity. This
difficul ty, however, was not serious because the first stage off-gases
are mixed and the ovens for the second stage being new, work at a com-
paratively low temperature.
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Until March 1lst, 1940, Ruhrbenzin operated in the same manner
as other licensees, namely that the synthesis gas was converzed mostly

in the first stage (with approxinately 60 per cent CO contraction) and
only a small part in the second stage (25 to 30 per cent contraction).
Considering that this requires usihg high temperatures in the second stage
in order to convert the remaining siiall aiiGunts of the synthesis gas which
causes considerable gasification, the operation was changed to more con-
version in the second stage (40 to 50%), similar to operation at Essener
Steinkohle. Lowering of the contraction in the first stage could be
achieved by increasing-the amount of gas or by lowering the temperaturs.
Both methods are milder and therefore decrease €O, and CH, formation,

This leaves an end gas richer in CO and H, for the second stage which
could be worked up at lowsr temperature and gave better liguefaction
without the danger of too much gasification.

- As no conclusive results were obtained by the method, it was-
discontinued and the old method used again. Temporarily the CO, was
washed out of the synthesis gas but the duration of the experiments was
very short and did not permit a definite conclusion.

Between September and November, 1939, the CO contraction (rest
gas) in the first stage was 58 to 59 per cent; in the second stage, 28
to 30 per cent; a total of 70 to 71 per cent.’ For the same months of :
1940 they were 52 to 54 pér cent, 35 to 38 per cent and 70 to 71 per cent,
respectively. The CO conversion for these periods is 88 to 90 per cent
and 88 to 91 per cent, respectively. -

Befects in the synthesis are due to the bad méehanical condition
of the ovens (lamella'ovens). The defects of these ovens and repairing
of the ovensare described extensively.

ITEM 18: Operation Methods at Essen Steinkohle, November, 1940 - 482

Syrthesis gas was produced by adding converted coke oven gas

to water gas. Purification was carried out through crude end fine puri-
fication and an after purification, Part of the synthesis gas leaving
the after purification was taken for conversion and exact setting of <the
CO/'H2 ratio. Another part of the gas was used for pressure conversion
and the hydrogen obtained ussd for hydrogenation in the synthesis ovens
(the CO, was first washed out by alkazid). The gas- leaving-the first
stage passed through activated carbon and then into the second stage.
The rest gas from the second stage was passed through ectivated carbon
and then to a rest gas gasometer. The oil obtained was separated from
waten and then sent either to the fractionation or the cracking plant.
The AK benzine together with the gasol passed to the stabilizer.

-The ;ater gas plant consisted of 10 Koppers generators, The
average capacity of 1 generator was QOogxn.z/hr. synthesis gas. The coke
used, 40 to 90 mm., had 8 to 10 per cent-ash.-and 5 to 7 per cent water
(values up to 17 per cent water occur).. Coke consumption was 0.46 kg./m.3
synthesis gas and 4,44 kg;/kg. liquid products, Steam consumption was

-
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0.8 to 0.9 kg./m.> water gas. The generator was operdted for six months."

Operatién of the purifier and the difficulties encountered are
described. The e leaving the "Feinreinigung" hes 0.5 to 0.8 g. sulfur/.
~100 m3, : : o

The conversion plant is from Bamag with a guaranteed performance
of & CO conversion to 12 per cent at 7200 m.a/hr. and for 4 per cent CO
at 6000 m.3/hr. The plant was operated with 1000 m.3/hr. synthesis gas
with a CO conversion to' 1 to 2 per cent, The gases leaving the plant hed
0.5 g./100 m.2 H,S8 corresponding to the organic sulfur in the gas,

. Hydrogen plent. :Duta for this plant which was furnished by Bamag
are given. The CO, and the remaining H,S are removed by the alkazid method
type “‘N“ .

Synthesis. The average period in the first stage was 90 days
and the 2nd stage 150 days. Emptying of the oven was carried out not only
according to the age but according to the quality of the ocatalyst. Cata-
lysts of different size (1 to 2 to 3 mm.) and even catalysts with normal
and roested kieselguhr are in the seme oven. Ovens which have only normal
and only roastedJ§;Q§elguhr did not show differences. The catalysts are
made from Oberohé and AKW kieselguhr and have a'.cobalt kieselguhr ratio
of 1:5.5 and 1:1.7 to 1.8. ’

Regeneration of the catalyst is carried out at present with hy-
drogen but should be changed to intermediate extraction. Hydrogenation
is carried out at 200°C. with 1000 m.3/hr. fresh Kydrogen + 3000 m:3/hr.
recycle hydrogen, The operation takes about 12 hours,of ‘which 4 hours
are used for heating and cooling of the oven.,. Four to five hydrogenations
are carried out during the catalyst life; the temperature increase for
the first period is & meaximum of 192°C., the second period 196°C., the
_third period 198°C. and the fourth period 200°C, o

Extractions prior to emptying the oven are carried out with &
heavy benzine fraction at about 90-100°C. and with ebout 120 m.a/bven
(5 m.3/hr). The extrect is distilled at 160°C. and 400 mm. pressure to
yield peraffin with a solidification point of 85-90°C. which-at 450°C.
still contains 4 per cent oil. After the extraction the ovens are dried
at 200°C, with hydrogen and emptied.

Operation. Operations are started with about 400 to 500 m.2/
hr. of off-gas and in the first and second stages sufficient synthesis
gas [ and synthesis gas II are added so that the gas contains 12% COn.
Synthesis gas I contains 4-4 1/2% CO,, synthesis gas II 9% and the off-gas
19-20% CO,. The starting temperature in the first stage is 150 to 152°C.
and in the second stage 160 to 163°C. During the starting period (1st
stage 3 days; 2nd stage 2 days) the temperature is raised to 170°C. During
this period the amount of off-gas is continually decreased until only
synthesis gas flows through the oven., Control is by recording instruments
and continuous CO, analysis. During starting the CO, contraction is kept
at 45 to 50%; the first stage then is increased to 53 to 55% and the 2nd
stage to 55 to 56%. . : ‘ '
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Activated carbon plant - size and operation of the plant de-

seribed,
PEEIE S

Further processing: The plant consists of a Carburol unit, &
cracking unit, a fractionation plant of Still and the stabilizing plent
of Lurgi. The cracking plant is operated at a temperature of 510°C. to
yield 25 to 30% Diesel oil, 50 to 55 9 » gasoline and 14 to 15% crack gas.
The -crack gas contains 50 per cent Ca + Cq end 10% gasoline, This gaso-
line mixed with the activated carbon gasoline has an octane number ‘of 603
the activated carbon gasoline alone has an octane number of 62, The
stabilizing plant. gives a gasollne boiling from 28°C. to 165°C.,, 95% to
150°C, It contains 38 to 40% olefins; the 03-04 contains up to 50% olefins,
Losses in stabllizing are 4 to 7%.

ITEM 19:  Determination of Branched Chainsin Mixtures of Paraffin 494
D)
The report is dated July 11, 1944. The method is based on the
fact that isomers boil approximately 5°C. lower than the normal components.
The so-called branching number indicates how much branching is present.
For instance, normal heptane has & brenching number z = O; 2,4,4=trimethyl-
pentaene has a branching number of 3;and a mixture of thess two compounds

of 50 mol % has & branching number 2z = 1.5.
— 7 .

. .The branching number is determined by fractional distillation
of a sampls in a column of 10 theorsticel plates ‘with a reflux ratio of
1:10. The individual cuts are taken at temperatures which are 5°C. higher
than the boiling points of the normal paraffin. The emount, Hn, the mo-
. le¢uler weight, Mn, dnd the boiling point, Kpn, are measured. A curve
is plotted with the temperature as abscissa and molecular weight as or-
dinate. The temperatures corresponding to the boiling points of the normal
paraffins are connected with straijht lines and give the so-called zero
curve. The branching number Zn of the individual cuts is found by sub-
tracting the boiling point Kpn from the temperature T, which corresponds
to the moleculer welght Mn on the zero -curve and the difference is divided
by, 7. .

in = To ; KEn
ITEM 20: Standardization ofILubricating 0il Speecifications i ~ 501

This is a collection of minutes of the Committé® to standardize
lubricating oils. An extensive index is given for.practically every -

machine, which gives the lubricating oil recommended. The following teble
shows the eight types of lubricating oils with specifications.,



Designation ..

Viscosity

Engler Degrees (E)-

~ Tolerance

Centistokes (CST)
Tolerance from

Flash Point,

" Behavibr in the Cold
in U tube

Reaction

Neutralization No,

Ash Content

Hard Paraffin Content
Water Content

Solid Impurities

W o=

TYPE

2.1E20 3,5E20 2,5E50 4.1E50 6.5850 OE50 12E50 -

18650
Propérties

at 20° at 50°

2.1 3.6 2.5 4.1 6.5 9.0 12.0  15.0.
*0.5° *0.5 to.s *o.s .fo.1 lo.l ol foa
12.8 25.4 16.7 30.2 . 49,0 68,2 91.1 114.0
7.4 21.2 11.8 . 26.2 45,2 60.6 83.5 106.3
17.6 29,5 21.1 - 34.2 - 52,7 5.9 98,8 121.6

above at least at least at leest at least

100° 1256° 150° 175° . 200°

~ at 0° at 5°

- at le

ast 10 mm, rise in 1‘minute
" neutral R
maximum.O.S
maxi%p@ 0.02%
o
maximum 0,17

A,
0%



ITEM 21: A Brief Description of the OXO Process 544

This is' & one pége deseription of the processes for reacting
_unsaturated hydrocerbons with CO and H, to form aldehydes using & cobalt
thoria catalyst and the reduction of the aldehydes to-fatty alcohols.

CITEM 22: Cobalt and Thorium Recovery ‘ o 546

This paper describes the cobalt recovery from spent catalyst.
Investigations have shown that neutralizing the solution with sodium
carbonate does not precipitate all cobalt and that it is necessary to
increase the alkalinity to a pH of 10 to 11 with potash hydroxide to pre-
cipitate the last traces of cobalt. The paper on thorium recovery describes
only the separation of iron and thorium from the spent catelyst.

ITEM 23: Joint Investigation of "Abreisstemperatur® ! 582

of Synthetic Spirits

No explanation of the expression "Abreisstemperatur” is given.
So-called "ring" tests were made at five different laboratories for four
different gasoline qualities. Tables and many graphs are given. The
graphs show throughput of the gasoline in ‘liter per hour as abscissa and
the "Abreisstemperatur" in degree Centigrade as ordinate. These tempera-
tures are all between approximately 60 and 80°C. ™~ T

ITEM 24: Synthetic Fuels - Octane Number and S 601

Peroxide Formation = Joint Reports e
N
This is a report of investigation on synthetjc gasoline made
by seven compenies: Brabug Schwarzheids, Essener Steinkohle, Hoesch,
Krupp, Rheinpreussen, RCH and Victor during Dscember 1943 -

1. Peroxide formation in synthesis gasoline. No deseription of
the method 1s given (titanium chloride was used). The peroxide formation
is different in the individual plants for the olefins vary as the CO/H.,
ratio. The gasolines from plants which operate their activated carbon
units in two stuges show the greatest tendency to peroxide formation.

There is no connection between the olefin or iodine number and the tendency
" to peroxide formation.
A gasoline which was investigated several years ago and since

that time stored in a closed drum hdd decreased in peroxide number ap=-
preciably; resin had been formed end the octane number had increased again.

2. Relation of octane number--and peroxide number. Investigations
were made which show the decrease of the octene number with increase of
the peroxide number., In medium pressure gasolines, increase of peroxide-
gives a greater decrease of the octene number than in low pressure gasolines.
e

An extensive discussion about.a "true" method of octane number’
_determination is given. Many tables and graphs are included. A program
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of sampling, storage and analysis of synthesis gasolines discussed and
agreed upon. - ‘ !

ITEM 25: Monthiy.Reports of Pressure Experimental Plants 702 -
These reporfs summarize the data given in Item 9.
‘ \

ITEMS 26
and 27: Weekly and Fortnightly Reports _ 887
. ! :7 .
Short reports summarizing data from Item 9.

ITEN 28: S.I.C.S. Plant - Wax Production and Recovery o 1008

A record giving quantities of the oil condensate and crude
paraffinwith fresh catalyst and with old catalyst at the plant Arezzo.

-Summary:

Fresh :

Catalyst 0ld Catalyst

' A B

Age of the Oven, Days_ 23-32 - 118 120
AK Benzine, wt.% - 8.5 25.1 25.5
0il Condensate, wt.% 51,5 71.0  64.3
Crude Paraffin, wt.% 40.0 3.9 10.2
Total Liquid Products 100.0 100.0 100.0

© Liquid Product, wt.% of total 92 , 80 85
, Csend Cs, wt.% of total 8 20 15

It was pointed out that these figures are exftremes and that current pro-
duction is intermediate. -

p

h report about operation of the extraction plant "Arezzo" is
. illegible. ’ '

ITEM 29: Details of M, P. Experimental Ovens 1019

Dotails of medium pressure experimental reactors.

~Oven No. . Type Designation

12 Pressure water
12A Water tube )
2 Tube, star inserts
8 Double tube
13 Double tube
""14 -w Pregsure Lamella
3 Double tube

3A Double tube

- 10 -



runs mentioned in Items 9, 25, 2§Jand 27,
Delivered - Beginning of June, 1940

Oven No. 13; used for
Manufacturer:

Weight 750 kg.
Oven Measuremenis:

‘Total diameter . 320 mm.
- Inmer diameter 300-mMMuwm
Wall thickness 10 mm.

Krupp

Maximum pressure: Wbbking pressure Tésting pressure

On the water side 65 100
On the gas side 20 2
Tubes:
Number: 7
Length: 4200 mm.

%all thickness: 2.5 mm.
. Dismeter - inner 74 mm.
________ outer 79 mm.,
‘Heat conducting inserts:
Heat conducting plates.
Tube volume 14.8 1t.
Catalyst volume 104 1t.

ITEM 30: Views on Theoretiocal Aspects of Synthesis 1941

Formulas are develoﬁéd‘for_calculating the enalysis of synthesis
gas prepared by blending water gas and converted water gus.

This theory attempts to oppose the conception of intermediary
CE, formation which hes been considered velid but in no way proven, In-
stead a theory formutating the synthesis of hydrocarbon by means of additi
and condensation reaction is proposed. The reactions participating in
the synthesi’ are dependent on the specific state of the catalyst and on
certain external conditions of the experiment.

the hydrocarbon formation takes place with & con-
The heat evolved operates against further
maintenance of the synthesis but, on the other hand, reaction may take
place in various directions with different heat effects. The synthesis -
will, therefore, come to equilibrium in the state of minimum heat effect..
 This is, however, only possible so far as the particular condition of the
catalyst permits a thermally favorable reaction.

Theoretically,
siderable positive heat effect.

e 4

The conversion of carbon monoxide to methane is accompanied by
heat evolution of 76.7 K cal/g. mol. In the formation of ethane, however,
le'ss than 2 x 76.7 K ocal will result; in formation of 2 mols of propane
still less than in 3 mols ethane, etc. Thus, thermelly the formation of
higher hydrocarbons is favored against the formation of methane.

1035

on

After the starting period is over,

' is increased very slowly in the region of 180-200°C.

-1l -

the temperature. of the contact
This gradual temps rature



‘rise does not have a great influence on the quality and composition of
the reaction products. The reason for the temperature increase is only

to prov1de the higher activation energy necessary to equalize the small
decrease in catalyst activity. Only at temperdatures of 200°C. and hibher'
does & gradually different course of the synthes1s start.

As the fundamental reaction of the Fischer synthesis (of which
all other individual reactions are derlved), the addition of hydrogen to
carbon monoxide is assumed with formatlon of 1so-forma1dehyde (hydroxy
methylene ).

CZ0+H-He-e H-C-OH+2Koal

The catalyst can bring about this slightly exothermic primary reaction

if the system is supplied with the necessary heat energy. This is done

by heating to about 140°C. The catalyst acts here purely as a hydrogenating
catalyst due to its fine cobalt dispersion.

Starting with the primary iso-formaldehyde, hydrocarbon formation
is characterized during the starting period by a gradually increasing
formation of methane which may be accompanied by a more or less heavy carbon
deposit (during this period no liguid products are formed). Therefore;
it must be assumed that because of 'its original state the catalyst prevents
the formation of higher hydrocarbons or permits it only in an exceedingly
small degree. The changes which take place in the catalyst itself may
be a consequence of carbide formation. :Unfavorable to the carbide theory
is -the fact that catalysts do not work satlsfactorlly with heavy carbon-
deposits, but this does not mean that slight carbide formation may not
have favorable effects, The concentration of the reactants in the synthesis
gas and the linear velocity are of spscial importance in: connection with
ths chemical changes of the catalyst during the development period. During
the starting period, the changes of the properties of the catalyst consist
-in considerable-loss of hydrating activity in favor of pronodunced dehydratlng-
activity. Parallel to this chanze in properties, the catalyst decreases
in hydrogenating activity with a corresponding 1ncrease of dehydrogenating
activity. :

Based on thé\pgﬁmary reaction:
C=0+H, ~—= H=C~0H
the following individual reactions are developed:
1. During the start, the catalyst activity may be so great that
the kinetic energy of the primary products is suffiecient to
‘sturt a spontaneous decomposition reaction:
H-C-OH ~—» HOH + C (endothermic)
Carbide or carbon formation tekes place especially at the first
impact of the synthesis gas on-the catalyst, and this dehydration
is probably due to the dryness of the fresh catalyst.

- 12 -



2,

The high‘h§drogen congentration results in hydrogenation of
oither carbon in statu nascendi or H - C - OH particles to
me thane. ,

SC=+2H, —u CH, TR
H=-C~OH+2H, -—e~ HOH + CHy + 76.7 Kcal (H,0 = vapor)

After a starting time which leads to the formetion of & small \
amount of water, the catalyst sterts to act purely due to its
hydrating properties which can be observed by much higher for-
mation of methane, Water addition to one molecule iso-formaldehyde
tekes place with formation of its hydrate.
s H\ /-OH . -
¢ B =C = OH 4 HOF ==a  ©C (formaldehyde-hydrate )
R 1/ “-on _ .
This hydrate cannot form higher hydrocarbons but is subject to
the strong hydrogenating influence of the system and, therefors,
through simulteneous attack of hydrogen on both OH groups,
saturation to methane takes place without methanol as.an in-
termodiary stage,
H_ ~0H
L + 2 Hy == CHy + 2 Hy0
H -0H ‘

The methane formation process is apparently favored by high
linear velocities (1) because hydrogenation is accelerated by
the kinetic energy of the hydrogen particles and (2) the decom-
position of the hydrate- to normal formaldehyde is suppressed
(short contact time). By continued temperature and chemical
infltences in the system, changes in the catalyst structure take
place which promote the equilibriums:

Hydrogenation 22z Dehydrogenation
Hydration =Iz2: Dehydration

The changed course of the reaction may be recognized by a de-
.crease in methane formation. At the same time, the synthesis
starts to take place in the direction of higher hydrocarbons.
Formaldehyde hydrate is dehydrogenated to a peroxidic structure
which decomposes to €0, and H, or rearranges.to formic acid. _
The hydrate may react with CO to yield H,, CO, and isoformeldehyde
or with isoformaldehyde to produce methyl aleohol, CO, and Hy.

_The acid-forming reaction is the main hindering factor for a

successful synthesis because the stable fatty acids formed by
secondary reactions act against the desirable producing and
maintaining of dehydrating activity in the catalyst.

After sufficiént formetion of the dehydrating acfivity, the
catalyst starts to direct the synthesis to higher hydrocarbons.
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The original formation of formaldehyde hydrate is excluded to

& large degree (catalyst now dehydrates). Instead, the-reaction
is started by the direct conversion of the HC - OH moles. At
higher linear velocities the HC - OH moles have too high a kinetic

_energy and change to the normal form. The normal formaldehyde

now starts an acyloin condensation. The length of the chain/”
grows, in the reverse ratio of the linear velocity of the HyCO
particles, This reaction is limited by the secondary dehydrating
reactions which cause an increasingly higher strain on the con-
densing molecule and finally causes breaking of the chain which
leads to almost exclusive formation of gaseous hydrocarbons.

If aggregation of the HC - OH molecules takes place, then the
ideal operation condition for exclusive formation of higher hy-
drocarbon is attained., All three partial processes {condensation,
dehydration end hydrogenation) during chain formation are con-
sidered to be simultaneous but teking place with different

_velocity. If the hydrogenation reaction overtakes the conden- -
sation, then chain formation is stopped by saturation. If

hydrogenation lags behind condensation, then the inereasing strain
of the long molecules causes interruption of chain. This second
cese maey be abnormal because then the unsaturated part of two ad-
jacent chains would give branching which is found-fo only & very
small degree in the reaction products. The water from the re-
action is proposed to condense in the capillaries of the catalyst,
After a.certain pH in the cepillary water of the catalyst system
has adjusted itself, the commeéncement of orderly chain conden- -
sations can probably bs started only when the primary product

‘gets on the surface of the water.’ :

6. |

Through reaction a decrease of linear velocity takes place through

~.xjeontraction in the last part of the reaction tube,. even con-

sidering all vaporited reaction products. This, in connection
with the decrease of CO and H,, is the reason for certain "end
reactions” which take place parallel to the main reaction.
These side reactions are similar in character to ‘the reactions
previously mentioned. ) ;

In the end zone of the reaction system, a limited conversion
of CO, to methane, or higher hydrocarbons, may take place.

Conclusions:

a. High linear velocities and high temperatures act favorably
for a shortening of the starting time.

b. The metallic cobalt must be influenced- by & carbide formation.

¢. Carbonyl formation is considered abnormal and as having &
poisoning influence on the catalyst.
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ITEM 31: Papers Relating to Erection of Nedium end 1067

High Pressure Experimental Plants by Lurgi

This item consists of correspondence-with details regarding
the delivery dates, erection, etc., of .& high pressure experimental plant
using CO rich gas. Drawings are included for a condenser cooled by
ammonie, an experimental generator, heated receiver for paraffins and
flow sheet. R

~ .
Several plot plans and drawings appear at the conclusion of
-this reel: C :

BAG 2288 TARGET 30/5.01

STERKRADE -HOLTEN
1., Plan of Works . . ' 1102
2. Apparatus Scheme 0XO Plant . 1104
3. M. D. Benzine Synthesis Project 22 1106

BAG 2288 .TARGET 30/5.04
HOESCH BENZIN GmbH

1. MNap of Plent 1108
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