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upper grate.  The original filling was so arranged that gel A was below gel B.  After 23 reductions, 

it was found that gel A rather than gel B had become inactive. 

After approximately 50 hours, the reduction is complete.  The burner is cut off, and the 

passage of air is continued until the temperature in the catalyst drops to 50°C.  Then carbon 

dioxide is admitted to the unit slowly.  This addition of carbon dioxide must by carried out very 

carefully with continuous circulation, since the carbon dioxide is taken up by the reduced catalyst 

with the evolution of considerable heat of adsorption.  The coolers remain connected. 

The carbon dioxide must be freed from hydrogen sulfide and dried by silica gel.  At low 

temperatures, the catalyst is even more sensitive to moisture than at higher temperatures.  The 

removal of hydrogen sulfide is accomplished by a mixture of lautmasse and clay which has been 

parted, dried, and then broken up to pea size.  From a gas containing 165mg. Of hydrogen sulfide 

per cubic meter, the sulfur can be removed from 8.5 m3 of gas at a linear velocity of 2.5cm. per 

second by one liter of pea size lautmasse.  For regeneration, the mass is purged with nitrogen to 

which a constantly increasing quantity of air is added until air alone is being used after 

approximately 5-7 hours.  The mass becomes heated thereby to approximately 40-50°C. 

 

Storage of the Reduced Catalyst 

The dumping of the catalyst is carried out under carbon dioxide.  A connection with a 

second pipe is attached to the catalyst chamber.  By the use of this movable pipe which fits loosely 

in the upper opening of the catalyst kubel having a capacity of 150-200 liters, the transfer to the 

kubel proceeds more easily than with the rigid connection originally provided.  The fear that part 

of the catalyst would come into contact with air under these circumstances has proved to be 

unfounded. 
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The storage of the catalyst is carried out under hydrogen pressure (approximately 

250mm. hydrogen).  That portion of the catalyst which lies directly above the discharge valve 

in the kubel must be thrown away upon discharge of the catalyst since in spite of the hydrogen 

pressure, air diffuser into this zone, and small traces of oxygen make the catalyst unusable. 

SYNTHESIS UNIT 

Description of the construction of the synthesis unit is shown by Figures 17 and 18.   

Figure 17 shows the original arrangement while Figure 18 illustrates the plant after the latest 

changes.  The converters are of 700- liter capacity.  The two converters facing East have tubes 

of 15mm. diameter, those facing West, 20mm.  The number of tubes is 1300 and 700, 

respectively, per converter.  Space velocities varied from 150 to 500. The conversion was 12 

percent in the first case and 0.7 percent in the first case and 0.7 percent in the second case. 

Starting, Interrupting, and Stopping the Synthesis 

After filling with catalyst (see above) the oven system is purged with hydrogen at 

atmospheric pressure.  Then the pressure is gradually raised, and the oven is heated to 170°C.  

Thereafter the temperature is raised only 2°C. per hour until the desired contraction 

(determined by carbond dioxide analysis) is reached.  These conditions apply strictly only for 

the fused catalyst, WK17.  The temperature is regulated best by the steam inlet valve on the 

diphenyl preheater, whereby a determined vapor pressure is maintained in the preheater, or it 

can be undertaken by raising and lowering the water level in the cooler with a siphon.  A 

change is effected ordinarily only after approximately 10 minutes. 

During the operating period under all circumstances, care must be taken that the 

synthesis gas does not remain stagnant on the catalyst since it would then be extensively 

converted and the resulting water vapor would 
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damage the catalyst.  For this reason, there is porvided on the gas inlet a connection for gydrogen 

supply.  The hydrogen is delivered through a reducing valve from a 200 atmosphere line.  The 

hydrogen pressure should be somewhat above the synthesis pressure.  If the synthesis must be 

interrupted for any reason then the gas inlet valve is closed and immediately afterwards the 

hydrogen valve is opened so that the synthesis gas can be replaced by hydrogen at constant 

pressure.  The carbon dioxide content of the outgoing gas is then watched and the outlet valve is 

closed when the carbon dioxide content has dropped below 0.5 percent.  Since the oven will no 

longer be giving off reaction heat, the vapor pressure must be gradually increased so that the oven 

temperature will change as little as possible.  Pressure and temperature variations are to be avoided 

since the oven can easily develop leaks as a result of such variation.  After each major change of 

pressure or temperature, it must be tested for tightness. 

Plate Reactors 

Plate reactors used for firs 14 days were abandoned because of leaks.  Recycling was 

introduced. 

High-Pressure Water Washing 

The high-pressure water washing was operated only for a short time.  Latest findings 

indicate that removal of CO2 from the synthesis gas is not necessary. 

Active Carbon Plant 

Distillation 

Distillation details are discussed. 

PRESENT STATUS OF SYNOL SYNTHESIS AND SCHEDULE FOR EXPANSION AND IMPROVEMENTS 

In the following, the results of work on the synol process will be briefly summarized and 

the direction of advantageous extentions will be pointed out. 
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MANNER OF OPERATION 

Recycle Operation (Characteristics) 

Effect of CO2 Formation on Conversion. 

It has been determined that the water-gas shift reaction can take place on an iron catalyst.  

In contrast to the cobalt catalyst which consumes carbon monoxide and hydrogren in the ratio of 

1:2 and accordingly produces water as a byproduct according to the equation CO + 2H2 = CH2 + 

H2O, the iron catalyst in the hitherto conventional three-stage process causes reaction according to 

the equation 1.5CO + 1.5H2 = CH2 + 0.5H2O + 0.5CO2.  Accordingly, from each six mols of 

synthesis gas there is obtained from this conversion one mol of carbon dioxide.  Consequently, it is 

necessary to wash out the CO2 if a conversion of 85-90 percent of the available gas is to be 

attained.  A higher conversion if possible is always desirable especially if a highly purified gas is 

involved (S less than 5mg. per cubic meter). 

If the gas is recycled and the major part of the reaction water resulting from each passage 

through the catalyst is condensed, then the formation of CO2 can be so limited that 90-93 percent 

of the synthesis gas (with an inert content in the fresh gas of about 6 percent) can be converted 

without the necessity of washing out the CO2. 

Life of Catalyst. 

The life of the catalyst depends on the partial pressure of water.  At a recycle rate of 2500 

cubic meters per m3 of catalyst, a catalyst can be used for seven months without appreciable 

decline in its activity, while in the 3-stage operation the activity constantly declineds to that a life 

of three to four months at best is not exceeded.  A series of experiments demonstrated that with 

further increase in the partial pressure of water vapor, the catalyst activity declines in a much 

shorter period of time. 
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Products. 

The alcohols and olefins which can be dehydrated or hydrogonated by the action of the 

catalyst will be separated more rapidly from the catalyst zone.  An increase in the alcohol content is 

particularly notable in the higher boiling portions (C14-C17), since the increased quantities of carrier 

gas associated with recycle operation maintain these components to a higher degree as vapors and as 

such separate them reapdly while at smaller throughputs, they are dissolved in the liquid phase and 

trickle over the catalyst. 

Space Velocity. 

The high gas throughput accomplishes an increased removal of heat in the catalyst zone.  

Therefore, it is possible either to increase the conversion or to space the cooling elements in the oven 

farther apart thereby simplifying the construction of the oven and making it much easier to discharge 

the catalyst, which particularly in the case of a fused catalyst presents a difficult problem. 

Separation of Products. 

In connection with the separation of the products there are certain advantages which will be 

considered more specifically later. 

All of these advantages are increased as the rate of gas circulation is increased.  A high 

recycle rate requires especially high power input, larger heat exchange surfaces, and greater amounts 

of heat for preheating and cooling water for cooling. 

Summary of Recycle Operation. 

On the basis of experience to date with the 15- liter oven, operation can be carried out 

advantageously with a throughput between 1:2000 and 1:3000 cubic meters of gas per cubic meter of 

catalyst.  (Presumable per hours.  Trans.)  Under such conditions a gas containing 6 percent of inerts 

can be utilized to 90-94 percent.  From 12 mols of gas there will be produced one mol of carbon 
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dioxide.  Advantageously, the conversion is accomplished in two stages.  In the first stage, 70-80 

percent of the gas is converted so that the inert gas level is held within desired limits, since the 

declining partial pressure of carbon dioxide and hydrogen results in a reduced yield of liquid 

products and an increase in the production of gasol and methane.  Also the reaction temperature rises 

whereby the catalyst life and the content of alcohols decline somewhat.  The remainder is converted 

in the second stage.  The somewhat higher gasol production relative to the total yield is of little 

consequence. 

The experiments so far have been conducted in a 15- liter oven.  A 2.5 m3 plate oven for 

recycle operation in ME458 has been constructed, but has not yet been put into operation.  The oven 

can be operated as desired either as one-stage or two-stage.  The experience obtained from this 

operation can be used as a basis for going over to commercial operation. 

Recycle and “SUMPF” Phase 

The preparation of synol in the “sumpf” phase has not been followed up at Leuna because  

the valuable products thus produced (alcohols, olefins, and esters) remain in prolonged contact  

with the catalyst in such operation and consequently are particularly likely to be decomposed.  

Furthermore, experiments carried out by Dr. Michael with our synol catalyst in “sumpf” phase 

operations showed no particular advantage.  However, it appears desirable to take up the invest-

igation of this method of synthesis in combination with recycle.  The characteristic pointed out  

in the above section on products, that sufficiently high recirculation auses a large part of the higher 

boiling products to leave the reaction zone in vapor form, would indicate that the time of contact  

of these materials in the “sumpf” phase would be of the same order of magnitude as in operations 

with a fixed-bed catalyst.  In addition, effective agitation of the liquid vehicle would result from  

the large volume of gas in circulation.  Furthermore, the effect of catalyst particle size would 
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An explanation for this difference which apparently depends only on the structure and not 

on the chemical composition of the catalyst cannot be given at present. 

One significant observation in this connection should still be noted.  In a few cases for no 

apparent reason the WK17 catalyst yielded from the beginning 30-45 percent boiling above 400°C.  

This phenomenon still requires explanation (see, for example, Experiment No. VII/67 in 200cm. 

tube oven).  By increasing the carbon monoxide content of the gas the boiling range can be shifted 

toward the higher boiling points with all kinds of catalysts, without essential change in the quantity 

of the middle fraction.  A similar shift in composition can be obtained by changing to smaller 

catalyst particle sizes and by the use of lower throughputs.  At the same time, these changes result 

in an increase in the olefin content of the product.  The content of alcohols remains approximately 

constant.  Those experiments have been carried out hitherto only in the stage process and must be 

extended to the recycle type of operation. 

Effect of Catalyst Composition on Synthesis Products. 

Regarding the effect of catalyst composition on the synthesis products, the following can 

be said.  The potassium content must be between 0.15 and 0.5 percent.  The optimum here is the 

same as with ammonia catalysts.  When acidic constituents, such as silica carriers, are added the 

potassium content must be increased and the optimum redetermined.  The addition of manganese 

to the catalyst causes the alcohol formation to decline in favor of olefin formation.  The addition of 

arsenic in amounts of a few tenths of a percent increases the formation of esters. 
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pressure, corresponding ot 225°C.  When the operating temperature of the converter is higher, it is 

necessary to use diphenyl, Decalin, or some similar cooling medium for controlling the 

temperature.  The great advantage of the synol process over the other processes using iron catalysts 

is that the operating temperature is comparatively low (185-200°C.), and, consequently, all 

converters can be cooled by water.  With fused catalysts, the use of the plate converter leads to 

considerable difficulties.  Recently, therefore, converters without the plates were introduced.  The 

apparatus contains a group of horizontal tubes, and the catalyst is arranged outside these tubes.  

The converter is slightly tilted to facilitate the steam removal.  This converter may be easily 

emptied, and any traces of catalysts which stick between the tubes can be removed by wire.  

Emptying the plate converters was more difficult; it was necessary to treat each section 

individually. 

When a recycling procedure is used, the gas throughput may be increased seven-fold and 

the distance between the tubes increased to 15mm. and  a 25 percent greater efficiency is obtained. 

The tubes are rolled into tube sheets on both ends.  Experiments showed that 21mm. 

diameter tubes 5m. in length were satisfactory.  It is preferable to arrange the tubes an angle of 10° 

from the horizontal.  The converter was filled with 200 liters of catalyst.  The catalyst is arranged 

around the tubes which are contained in an open container the sides of which may be removed.  

Below the box there is a trough.  The exit gas leaves the catalyst chamber with the paraffin 

product. 

The right part of the converter is filled with water.  The cooling tubes have a diameter of 

14mm., a length of 1700mm., and are 9.8mm. apart.  The tubes are rolled into two tube sheets.  

The use of two tube sheets guarantees a greater rigidity of the apparatus. 

Experiments in the 15- liter converter indicate the desirability of removing the liquid 

products immediately after the gases leave the converter. 
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Early experiments have shown that at recycle space velocities of 2500, only negligible quantities 

of materials boiling below 360°C. are present.  Preliminary separation of the products may thus be 

effected.  Further, all the inherent difficulties connected with handling of semi-solid materials are 

removed. 

Corrosion experiments in the 100- liter converter show that the upper permissible 

temperature can be determined for which the material is noticeably attacked by the organic acids in 

presence of water.  For multi-stage experiments, this temperature is approximately 130°C.  

Between 125 and 90°C., the corrosion reaches a maximum and at lower temperatures decreases.  

The recycling is employed, the condensation point of the aqueous phase is somewhere between 75 

and 95°C., depending on the degree of recycling.  In the case of the planned experiment in ME458, 

an irrigation with soda solution is maintained when working in this temperature range.  By means 

of proper by-passes around the heat exchangers, the temperature can be manually controlled.  

Corrosion tests are being planned for various sections of the apparatus during the recycling 

operation. 


