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The oxygen-containing products are mzinly alcohols, with aldehydes,
ketones and esters, os well as a amall quantity of free aclds, a2s the other

compounds,

D, Iron Catalysts in the Fixed Bed. Cil Circulation Process.

The following information wes given bty Dr. Duftschmid on the fixed-bed,
oil-circulation process which he had developed for iron catalysts,

The object of this development was +o remove the heat of reaction by
circulating product-oil of fixed tolling range over the catalyst. The
heat 1s removed by raising the tempersture of the oil as well as by par-
tial evaporation. This procedure eliminates local overheating and pre-
vents the formation of excess methane and carben, o ¢

Dr. Duftschmid beliwves that the capacity of a reactor waild be limit-
ed only by the economics of donstruction. . The process h:s been tested for

a long time in a pilot unit of g-10 tons per month capacity.

The ﬁrocess operates at é'prESSune Qf'20¢25_atm.-and at temperatures

" of 260-300?0 in the first stuge and 280-330°C. in th: "second stage. Syn-

thesis gas with a high ratio &f €O to Hy, is required, for example, C0:H, =

.25:45. The throughput is controlled to“yield 20-25 gms. of total product

per liter of catalyst per hour. The catalyst employed is the same as that
used by Dr. Michael in his fixednbed process.

The yield from 1 cu.m..of €0 plus Hp in the synthesis gas is about
150 gms, of product of the following composition: o

16%.¢C, plus ¢ hydrocarbéns, 85% unsdgurated
LOE gasoline (<200°C) » 503 i

20% ‘gas oil 52538 . om

20% peraffin wax, ' ’

4% elcohols, (largely methanol and ethanol)

- The gasoline contains abéut 1% of oxygen and the gas oil, about 055%.:

The crude gasoline hes a research-octane rumber of 62-65, and must be

further refined. The gas oil has a cetane nurber azbove 70.

Further details of this process may be found in English Pabtents Nos.
468, 434 and 465,668, S ) '

II. . TOLUENE PRODUCTION

Nearly all the toluene produced in Germany was a bj—product of the coke

Vens, At the beginning of the war, production smounted to about 7,000 tons
Sr month: and during the course of the war, the quantity was inecreased to
bout 12,000 tons per month by the building of precision-fractionation
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plants. . In 1944 the synthetic plant at Waldenburg came into production,
adding 4,000 tons per month. (This synthesis of toluens from benzene-and
cthanol by means of = phesphoric-acid catzlvst is deseribed in the Leuna

report. )

-

Two other processes vere considered for the- productlon of toluenu but
neither had.been carried out cormmercially.

A+ Doublo DHD Process.

One of tHe most important re segrch progects t Ludwigshafen was- the
development of the double DHD process. This process consists in treating
heavy naphtha by the DHD process, fractionsiing the product to remove a
toluene concentrate (100-115°C Boiling range}, and retreating this frac=
tion in the DHD unit. Clost fractionation of this product yields nitra-
tion grade tolucne (99+%) without further treatment. The flow schems for
this process is shown in Figure I. : ' ' o

This process gives a good yield of tolusne, and at the same ﬂime,
aviation gasollnu of excellent quaﬁlty

In 1943 an expansicn of ths DHD plant at Ludw1gshafen was begun for
‘the production of 10,000 tons per year of toluenbrby this process. Also,‘
rrojects wersg dlscussed fer units at Leuna and Brux, as well as at a Brn—
beg plant,. ’

B. Sulfur Dioxide - Propane Extraction of DHD.Naphtha.

In 1839 a project was worked'up for Fblitz for tﬁe;pfoduction of about
15,000 tons per year of toluene by extraction cf DHD naphtha with SO - pro-—..
pane., A similar project was aiso discussed for Scholveri. Nbltbgr plant wzs
built,

The DHD nraphtha was fractionated to yleld an urOHhtlc cut’ (70—120 C)
which was extracted at - 76°C.

..

The quantities used were as follows:

100 volumes of naphtha
100 " it Propane
A00-150 " 1 gyl fur u10x1de._

The aromatic extraet was then fractionated closely To ylcld nitration-
grade toluene in practically 100% yisld (based on the toluene in the paph*ha =
charge).

The flow is illustrated in Figures ¥I and III. The fractions ether
than tolubne are blended back to produce g@sollne, Whluh is of 1nf rior .

1200 —a-
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quality. The process.costs zre about the sam: o5 for the double-DHD ki
process, = S - ' ' o . _

L]

This information was obtained frem Dr. Donath. i

IV. OXIDATIGN PROCESS

A.Patiy-Acid Production.

The following inform:tion wis obtained from Dr. Schiller and Dr. Kirz~
inger, o . .

The paraffin-wax used for the production of fatty acids by oxida-
“tion with air should consist of straight-chain hydrocarbons as largely as
possible; that is, it should not conbain large amounts cf branched chain
or cyclic hydrocarbons. The preferred chain Tength is bstween 16 and 30
“carbon atoms., Sulfur compounds and phenols should not be present because
- they inhibit oxidation. The density of the pzraffin wax should nct b ap-

preciably higher than thet of the cerrespending pure peraffin hydrocarbon.
The specifications for the paraffin wox are ag follows:

Paraffin for Oxidaticn, ’ : T o

1) Sulfur <g,1%

2) Uelting point L0°C -  Sp.gr./70°  0.765
\ " 500¢ 7on /700 0.770
559¢C N O C.775

3} Boiling Range € 15 mn 180-3500G,
: COUTED mm 32094,
L) HMelting Point  35-600C.% :
5} +Aniline point 100°gC, .

* 1f the melting point is above 60°C, the wax can-be cracked until it meets
the specification., ' ' .

+ *A trial run will determine if the ‘purity of the paraffin wax is suffi-
cient. Paraffins that can be oxidized only with difficulty sust be purified:
- for example, by heating with 1-3% of aluminum chloride, by hydrogenating, or
by prior oxidation with sir until a small amourt of fatty acid is formed
which is then removed as soap. '

Paraffin wax produced by the hydrogenation {TTH) of brown coal, from
Crude petroleum oils and from the Fischer Tropsch synthesis, have been oxi-
dized successfully to fatty acids.

‘.a

Oxidation

The molten paraffin wax is blown.with air in pure dluminum towers in
the presence of rzgnancse compounds, such as 0.1 - 0,2% of potassium perman-
Zanate or manganese soaps. There is also added 0,08 - 0,15% of sodiunm, or

1200 ) -S-
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potassium carbonat@ which greatly improves the guality of the oxidatiorn pro
ducts., The temperature is maintained at 130 o 160°C., until oxidation begi,
and is then lowered to 100 to 120°C. The lower the oxidation temperature
the smaller is the formation of peroxides, but the longer the time of re-
action, The air filow is continued until approximaiely 30% of the paraffin
is converted to acid (10-30 hours). The product from-the oxidizer has an
acid number of 75 and a saponification musber of 130-15C.

Saponification.

The oxidation product is saponified with agueous sodium hydro-oxide (20
25% at 80°C.) The mixture is then pumpsd into an autoclave where it is heat.
ed to 130-150°¢ under pressure, the greater part of the unsaponificbie pro-
duct separating in an upper layer (paraffins, alcohols, ketonss.) This uppe
layer is recycled to the oxidation tower. The lower layer (soap sclution)
is heated (in 2 pipestili) to 280-350°C at a pressure of 80-100 ztmospheres,’
On releasé of the pressure, water vapor and the romaining unszponifiable mat

erial are flash. The unSdeHlfl&ble material is recycled tc the oxldatlon
stage. N -

Hydrolysis, and Distillation.

The molien soap obtained as 2 residue from the flash tower, is dissoclve
in water and hydrolyzed with sulfuric acid. The raw fatty acid is washed
with wabter and déistilled under a vacuum of 3-5 mm, The distillation yields
three overhead fractions, -The properties of the fractions depend on the
molecular size and quality <f the paraffln.

RECYCLE OF UNSAPONIFIABLES TO OXIDATION

Based on 100 parts of paraffin, The fcllow1ng qunrtltlen are obtalned

1, Azids, 83 to Gy, boiling point to 1500C, at 3 mm. 7-15%.

2.. Soap ac1ds, G150y g5 boiling point 150°C¢, to 240°C. at 3 mm,
45 55"00 N R

3. 'Plgber a01da, 016_025 boiling point 24u*300 ¢, at 3 mm, 2-5%,.

L P351due - 5—&0%.

Liv

at Oppau with TTH parqffln. The plant at Qppau has a capacity of 20,000
tons of paraffln wnak Fer year.

The guantities shown con the draw1ng (F;gure I¥) are for a typical plant run

E. hetbame Oxypcn Process.

The following information on the methane-—oxygen process was obtained ;
from Dr. Schiller and Dr, Bartholome, The information on materials of con- 7
struction was obtained from Dr. Koch. - - :

1260 - c. _lo;
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The conversion of methane with oxygen zccording o the equation:
CHy, + 303 = €O +£ 2Hy + 8 Keals,

has bsen carried out during the last several years for the production of
hydrogen for the ammonia and methanol synthesis. 1In most cases, coke~oven
gas has been used as the raw mzterial, Plants wers agperating at Lingz,
Waldepburg and Cppau, and a plant was under constructicn at Auschwite,

The conversion dees not take place exactly according to the equation
above, part of the methane remaining unconverted, and part being oxidized
to carbon dioxide and water. Besides, some carbon black is formed from
methane cracking. Host of the methane and some of the carbon can be
eliminated by conversion with water at elevated temperatures, Therefore,
there are two stages in the conversion. The first stage, the combustion
with oXygen, is carried out without a catalyst, and the second stage, the
corversion of the hydrocarbons with steam is carried out cver one of the

' standard nickel catalysts, s R K :

- This process was investigated in 1927/30 in experimental plants at
Oppau 2nd Leuna for about 100 m3.. of gas per hour, Raw materials were
pure methane, coke-oven gas or waste gases from coal hydrogenation contain-
ing higher hydrocarbens, The ges was mixed with oXygen as rapidly as.
. possible in several burners and pzssed over a layer of active nickel cata-
. lyst (20% nickel). It was .found suitable to add steam and to use a temper-
ature of about 1200°C. in the first stage, The gas produced was practically
free from carbon black and contdined about 1% of methane, -

The following examples illustrate the conversion of methane::

-1) Conversion with oxygeh and steam:

120 m? CH, £ 62 m3 0y A 70 ke. HO = 350 m> of gass

cH
co% ¥
Hy
Ny
c6
05

2) Conversion with air, oxygen and steam:

133*;3. CEy, o 50"m? - 05 + 92 m® air 4 70 kg. Ha0 = 437 M° gas.

11~
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In the flrst uxamplc, the mbthane was preheatbd £ 200°C. and in the

second To 300 C.

-

The reactionrvessel contained LOOjliters of catélyst in each experimg

At Tirst, no.technical applicatiop resulted from this work, but the pr
It was tried to lgwer the quaniity of oxygen by
carbon black to form.
carbon black, special filters were designed, consisting of towers filled .
were constructed to allow continucus .
‘removel of part of the packing for regensration.

cess was taken up again.
using less steam and allowing more

with coke or pumice. These filters

The operaﬁiéﬂ-of-the commercial plants is as follows (see Fig. ).

The coke-oven gas and an a1r~oxyg¢n mixture are saturated with water

vapor in sepgrate towers and. prehﬂat&d
These exchangers are subjected to very
permeability of the tubes will lead to
The actual allcy used for the tubes is
This alloy is not the final .answer but
of higher slloying metal content would
to the high temperature differences in
a2 high tensile strength.
of the converter,

space Lo ‘decrease
oven is 2000 m

filters filled with coke,

" Ab_full production, the Oppau plant charges 8300 m3 of coke oven gas Wit
of synthesis gas of the following col

4100 w3 of oxygenh to produce 18,300 s
position:

1200 o

Sieromal 10 (13% Cr, 1% si, 1% il).
Was a war necessity.

Tne gases are mixed and burn in the upper portion
As considerable carbon is formed in thv conversion, a
small quantity of nickel nitrate solution is injected into the
the Carbon formation.
alyst bed of 5% nickel on refractory (such as ¥_0).
of gas per sg. m. of reactor crdss-scction per hour.

- The converted gag heats the fresh gas and air and is then cocled to
the.dew point by the injection of water.
In the second part of the plant, the gas passes .
through a heat exchanger, a reactor to convert the CO and steam into CO
and hydrogen, and is then cooled to air temperature in a spray tower,

Product

Gas., %

»

= R
O MmN O0NO
Ll L]
[ IR VR RV, BN

-

For separating th

sepurately in. the heat exchangers,’
high temperatures and the slightest
combustion and melting of the metals,

Seamiess tubes
probably be more satisfactory. Due _
the exchangers, the alloy must have .

combustion
The geses then pass through a cat
The throughput of the

The socot is removed in the shaift
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