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I. INTR UCTTON

. . Previoug ,iﬁterrogation*qf?a.Gemaﬁascj.‘e’ﬂt{ﬁc personnel bty
numerous investigators and the examination of evacuated: documents
indicated that further information was desirable on a’‘miscellany of
products and processes of interest to the Petroleim Industry. Accerd-

ingly, Dr.Pler and a large nuimber of other men of the I.(.Farban-

industrie, 4.G. plant at Ludwigshafen/Oppau were further interro-
gated in July 1945. _ ‘ '

The information contained in this report supplements that
previously reported in the CIOS report of 18 August, 1945: "Report
on Investigations by Fuele and Lubricants Teams at the I.G.Farben-.
industrie A,G. works at Ludwigshafen and Oppau®, edited by Lt. Col.

IT. SENTRESIS OF RYIROCAREONS FROM WATER GAS MICHAFL, PROCESS.

The following information concerning the synthesls of hydro-

- carbons from water gas was obtained by the interrogation of Dr,
Filhelm Michael who was cenducting the research and development on
the so-called “Michael Process”, Two methpds of operation had been

studied that were outlined briefly in the earlier report en Ludwig-
shafen. _ ' S :

Both methods employed an iron catelyst which was stated to have
tue following advantages over the cobalt catalysts

a. The gasoline is better.
L. A Mgher coucontratdon ol vlelduw ke Leswmea
6. The prucess 1e cheaper.

by Mlchabl hagd also mv‘eausntba Lh. wwe ot Aava sutlmiyatle o,

- «wlar reactor at reduced temperatures.
. Speclal precautions are required with the irom catalyst, which

more than the cobalt catalyst; is subject to “run-away® reaction an.

the formation of carbon on the catalyst. The methods investigated

z:re désigned to prevent the conditions which lead to carbon forma-
én. : - S ' ‘

Fi xod-Be
2,10l ]

In this process gas is recirculated over the catalyst ana
through-a:cooler at such a rate that ‘the temperature rise in the

catelyst bed is limited to a masdmm of 10%. The reaction is

’\ -?,l;-



carried out at a pressure 20 atmospheres, At lowergrqssnztéé:;&ha'
reaction veloclly 18 -too ‘smalls The gas recycle ratio is 100 wol=
“umes_of recycle to-one volume' of fresh gas.  Oontact time-in the
catalyst bed is approximately one haif to one second per pass,
with a gas velocity.of about 1 m. per second. The flow sketch
(Fig, l% 1llustrates—the process. An importent limitation is that
the gas must flow through: the. catalyst bed without turbulence,
otherwise static zones form and lead to a-dangerous temperature
rise rosulting in the formation of methane and carbon. This nec~
esgayy flow condition has been obtained in small-scale experiments
(a shown in Fig I), using a 5 liter-catalyst bed which were con--
ducted successfully for as long as 10 months., Experiments of short-
er duration have been successful .in the same type of system with a
400 1iter ostelyst bed. Dr. Michaol beliaves this single~bed design
-oould be bullt to still greeter dlemeter; chamneling 4s the limitaw
uon. . - - } .

\

. With larger soale oxpeériments (4=cubic meter catalyst bed),

- opace restriction required the bed comstruction shown in Fig. 2
The operation of this it was wnsucceseful, because the gas under=
008 & change of direction simulteneously with a veloeity change
?owing to chango in diemeter), which results in turbulent flow and
stognant spots develope in the catalyst bed. This wit wae shut
down after 2 months of operation bocause of the formeticn of earbon
pockets, A further large-seele experiment utilizing cylindrical
construction was proposed but the equipment was mot built, dus to
the war, This it was to have alternating sections of catalyst
and condensers, in one container, as sghown in Fig. 3.

E&&Qti on % E‘ .

-Gag- - GO:-H~2 about 1:1 or 416
Pressure 20 atm.
Gas purity Sulphur - under 2 mg. per cu.m.,C0p free.

Gas recirculetion 100 times.
Temperature change

of gas - 10° C,
Working. temperature  300-325%C.- (mainly 3256°C,)
" Catalyst Sintered iron catelyst. Pellets about
o 1 onm.. C
€02 in exit gas 40-45%
“Output per cu.m. of catalyst: 700-800 kg./day.

‘T_he\beat gasoline is obtained with-iron catalyste vwhen the
eynthesis is conducted abiove 3009C; Therefore 1t 18 necessary that
the catalyst be insemsitive to such temperatures and &' geed conductor




.of heat, This type of catalyst is obtained by high-~temperature
sintering of iron powder pasted with about 1% of alkali quring the
reductlon with hydrogen. An example of the catalyst preparation

is as follows: Fine iron powder prepared by thermel decomposition
of iren carbonyl is pasted with a concentrated ‘solution of borax

(1 gram of borax per 100 grams of iron) and formed into approximately
1 cm. cubes. In order to insure loose Jpacking, the cubes are made -
with slightly irregular edge lengths, The cubes are sintered and.
reduced with hydrogen =t 800-8500C, for 4 hours. The catalyst is
‘cooled in a- hydrogen atmosphere, which is replaced by carbon dioxide
before charging to the reactor. In place of iron powder, Fe204

be used in the preparation but it yields a catalyst which is very
porous and of relatively low stability.

Reactions

" In contrast to the cobalt catalyst which yields, besides hydro-
carbons, mainly water, the iron 'catalyst forms predominantly carbon
dloxide. Under the conditions given above, 80-85% gas conversion L -
obtained with 40-45% of carbon dioxide in the exit gas. If a two-stage
process 15 empleyed, this carbon dioxide must be removed., Condensa~
tion takes place in 3 cooling stages as follows:

1) Cooling to 120°C to candenss the paraffin and some of the
water; '

2) Cooling to 20%C to condeuse Lhe gas oll, heavy naphtha
and additdonal water;

D) Guo.l..lug to mlaus 40”(} Lo voudouse llghb gasullue and paat
of the iiguefiable lydro.arbon gaues. Frior to (his stag.

the gas must be intensively dried with calelum chloride or
sllica gel.

Lo oxl gag frum thi. cwa g sowl buy Blage 1o washowd [sive Lium uaa b,
dioside with water or alkaziu soluti.n and is furthe, converted in a
smaller second system, whereby an overall venversion of 92 to 95% 1a
obtained, The products from this secend system are separated in a
manner simllar to that described above. ‘

Composition of Preduct,

;‘.__thn.oper&ti-ng—-wi-thvw Hydrogen-to varbtn wmoade ratio in the
charge gas of 534, the exit gas from the first stage 18 as followss

80, 40-4
25-30%

oy S

co 15-208%

[

,Tha--~so-caJJ.ed~-~“naeml"wmoductraraj’arrollbﬁfs”i B



Cp ~'Cy (exclu&ing“étﬁb.he) 30%

Bthylene . 8%

Propylene ‘ %

Propame ... .. -
: gﬁ:ﬁﬁne . | g g 3/4 of iso-structure
- Gasoline (to 200°C,) 48% ( 7% alcohol content)
Gas oil -~ 14 ( 4g— n ")
Paraffin i "

: 1%
Alcohol (in aqueous lsyer) T% ‘(ma:].nly‘cz)

Only streight-chain and elpha metlyl primary alcohols are produced.
For every 100 kg. of these useful products, 25 kg. of methans and
ethene are formed, - From the liquefied hydrocarbon gases » additional
gasoline can be prepared by polymerization and alkylation,

The crude gasoline preduct has an octane number of 68 to 70
(reseerch method). By passing this crude produet over alumina at
400-450°C, for the removel of oxygen and then refining over fuller's
earch at 180-200°C, the octene number is incressed to 84 (research.
method) and to 76-78 by motor method: The refining loss is about 5%.
The gasoline, which has an olefin content of about 70%, mst be
inhibited for storage. The gas oil has a cetane number of 45 to 50.

0 ated Produ the Water.

Acetaldehyde 5%
Acetone 108
Ethenol 55%
Propanol 20%
Butanol-end over ‘l@

8. The Foan Process.

If the object of the operation 1s wot Lo produce a gasoline, tut
sutber chemical products, olefins of greater chain length, such as
ocour in the gas-oll-fraction, are the more desirable compounds. To
increagse the gas=oll yield, the operating temperature must be lowered
(250° or below). Therefore, to obtain a reaction, a more active cata-
lyst than the sintered catalyst is required. The following process
wag developed to work with the highly active catalyst in a liquid
phase in which the reaction gases are only -slightly soluble and in

,...whis:h..&he..caxalyat-ia—anpenqed?inauﬂinely-dj;ﬁdedwtaterﬁgr—#
shows “the flows. I ‘ '
Apparatus. T

_ “The gas distribution is beét,effected by ceramic plates (0,15 mm.
pore sizeﬁ. The finely divided catalyst is kept in suspension in the
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oll in the reactor by the ascending gas stream. The high«boiling
‘part of the reaction product serves ap the suspending wedium (250-
300 kg, of iron per cu.m. of oll), The gas passes out overhead .
through a separator. ' The liguid is slewly carried upward and flows
overhead into the separator. The spent gas and the admixed vaporised
product pass te the condensers. From the separator, only the excess
1iquid is removed. The recycle suspension passes into a cooler, and
thence to a pump, which returns it to the remetor. At & circulation
temperature of 250%C, the suspension temperature increases 10°C over
the period of 3 minutes in the reactor. :

After the separation of the product as deseribed in gection A,
further conversion of the gas 15 possible by recirculation (after
removal of COp). Several stages are preferred, aince in a second
stago 85% conversion 1s reached and in a third, 0%.

Gas - CO:Hy about 1sl or 4:5

Pressure - 20 atm.

Temperature - about 250°C

Reaction duration - about 3 mlnutes/cycle

Temperature rise - 0%, '

Conversion - 7%

C0> in exlt gas - 40-45%

Tield - 1 cu.m.reaction volume

yields 350-450 kg./dsy .

snlalinb.,

In contrast to Lhe slutesod catalyst, the reduction of the
catalyst for the “Feam® process is effected at lower temperature
(350-450°C) with a very high lydrogen throughput. Irem oxide is
obtelned in the finely divided state either by precipitation or Ly
the decomposition ef iron carbomyl. The oxide is stirred into a
pasté with Allall selution (KaCOz or potessium berate) and formed
into small granules which are dried, reduced and gromnd fine in a
ball mill in admixture with gas oil. o

The iren carbonyl can also be decouposed in the suspension oll,
in which case, a smeller amount of iron suffices.

Liguefisble ges (Cz and Cy 1%

Gasoline$2000C 40-50% with 7G5 olefins.

Cas oi1<850%C, 305 with 40-5G¢ olefins.

Paraffin, 20-%, of which 2/3 boll over
LA . e

e



For 100 Kg. of utilisable product, there are 5-10 kg. of CHy,

i

ly polymerised to lubricating oil or con-
verted to sulphonates (detergents) with sulpmuric acid. By réeaction
with C8-H,, the olefins may be converted into higher aleohols,
aldehydes or aclds. : _ o

The largest unit, trled out was a 14 cu.m, system (including
the separator). It prodused 450-500 kg. of product per day. After-
tvo months a catalyst deposit was observed in the upper portion of ths
reactor. & stirrer was added to prevent this oceurrence, but se much

deposit formed around the stirrer and then fell off that the foam-
plate wag covered, e .

The final sclution of these problems was prevented by the war,

C. Lron Catalyst

Dr. Michael also gave the following information on irca TFischer-
Tropsch catalysts, ' : '

Synthesls iren catalysts produced by. precipitation in the same
manner as the cobalt catalyst, is msatisfactory because a "run-away®
reaction develepes: a sudden temperature rise occurs, in which the
formation of methane and carbon predominates. The catalyst preparation
was changed, therefore, in order to obtain a solid catalyst with good
heat conduetivity and high activity. In this method the. sintering was
carried out before the reduction and the reduction 1tself performed at

as low a temperature as possibls while maintaining a high hydrogen
valocity.

the forn of oxlde or carbonate, (Mg ar ¥gCO3 preferably) isl incorpor-
ated into the catalyst. The iron oxlde or hydroxide is mixed with the
alkali earth and 1-2% of 3200% or 134&, pressed into pellets, heated
to 850°C, and then reduced“wilh hydFoged after cooling tb 350-460°C,
The catalyst has a very high activity at 246% and lower temperatures,
and excellent therm al stability in the tube reactors” Ths catalyst was
-“M%g-uwter,—wbe-mctwfwamrsl-mmrmdammmmfg*
condltionss

In order to attain high activity, 5-25§ of alkali-earth metal in

Pressure, atm, 20

Temperature, ©C 230-250
Charge—gas cotipost tion COIHy= 435 to 514
Conversion ‘ 70-808




~ Under-the above conditions the yield was 0,35 - 0."45“1c'g-. per
liter of catalyst per day of the following productss

bed,

Liguefiable gas (Cz, C4) ~ 108 . with 708 olefins
gesoline (<200°C:) 35508 "o

ges oil (350°C:) 25-35% " 40-50% "
Paraffin waxs = 15-25%, (6% boiling above 450°C,)

The oxygen content of the gasoline was 4-6%
The oxygen content of the gas oil was 3-5%

The metha_me yield wes about 10 kg. per 100 kg. of the above products.
The oxygen-conteining products are mainly alcohols, with

aldelydes, ketones and esters, as well as & smell quantity of

free aclids, as the other compounds.

D. 1z

The foltowlng informetion wes given by Dr.Duftsclmid on the fixed-
oil-circulation procees which he had developed for iron catalysts.

The object of this development was to remove the heat of reaction

by circulating produet-oll of fixed boiling range over the catalyst.
The heat 1s removed by raising the temperature of the oil as well as
by partisl evaporation. This procedure eliminetes local overheating
and prevents the formation of excess methsne and carben.

Dr. Duftschmid belleves that the capacity of a reactur would be
iimited only by the economics of comstruction. The process has been
tested for a long time in a pilot unit of 8-10 tans per month
capacity.

The prvcess oposator al a prossurc of 2020 abm. snd al Lompes
atures of 260-300°C in the firet stege wnd 280-350°C., in the secend
stage. Synthesis gas with a high ratio of CO to Hp is required, for
example, COiHp = 55145, The throughput is centrolled to yield
20-25 gms. of total product per liter of catalyst per hour., The

catalyst empleyed is the same as that used by Dr.Michael in s fixeu
bed process.

The yield from 1 cu.m.of CO plus Hp in the dynthesis gas 1s about

" I5U gme. of product of the following compositiont -

16% C3 plus Cy hydrocerbens, 85% wmeaturated
40% gasoline (<2007C) » SO @
2@ gas oll 9 25% e

208" paraffin wax. :
—4§-aleoholss-(largely mstlimol and GLHOL)



o The gasoline contains -ébout,_;ls‘ of oxygen and t'he:. gas oll, about
0.5%. . : C - . -

The crude gasoline hag a 'ree.‘earch-ocﬁiawx—xumbe_r of 62-65, and
must be further refined. Tho gas oil has & cetane humber above 70.

Further details of this process masy be found in English Patents
Nos 468,434 and 465,668 ' ‘

III, JIOLUENE PRODUCTION

Hearly 211 the toluene produced in Germeny was a by-product of
the coke ovens. At the beginning of the war, production amounted to
about 7,000 tons per month: and during the course of the war, the
quantity wes increased to about 12,000 tons per month by the building
of precislon-frectionation plants. In 1944 the synthetic plant at
Waldenburg came into production, adding 4,000 tons per momth. (This
synthesis of toluene from benzene and methenol by meens of a phosph-
oric-acid catelyst is described in the Leuna report.)

Two other processes were considered for the w%ﬁuction of toluene
but neither had been carried out commercially. ’

A. Double DHD Frogess,

One of most important reseerch projects at Ludwigehafen was the
development of the double DHD process. This process consists in
treating heavy naphtha by the DHD procesg, fractionating the product
to remove a toluene concentrate (100-115"C Boiling range), and re-
treating this fraction in the DHD wnit. Close fractionation of this
product ylelds nitration-grade toluene (99%%) without further treat-
ment. The flow scheme for-this process ‘is-shown-in Figure I.

This process gives a good yield of toluene, and at the same
Ume, aviation ggsoline of excellent quality.

In 1943 an expansion of the DHD plant at Ludwigsbefen was bogun
for the preduction of 10,000 tons per year of toluene by this process.
Algo, projects were dlscussed for wnits at Leuna and Bréx, as well as
at & Brabeg plant,

.uf—;n—lfga9favp1‘03OOHaﬂkaQdfnp’fﬂr‘Pahmmwme'
about 15,000 tons per year of toluene by extraction of DHD. naphtha

with 502 - propame. - A similer projéct was also discussed for Scholven.
Heither plant was built. :

-The DHD naphtha was fractionated to yield an aromatic cut
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- (70-120°C) ﬁﬁiéhi‘waa'exﬁfgéted at - 76"0. :
The quantitles used were.as follomss

10D volumed of naphths-
100 " ® propane .
100150 ° - " sulfur dloxide.

The aromatic extract was then fractionated closely to yield
nitration-grade toluene in practically 100f yield (based on the tolusne
in the naphtha charge). : R ‘

. The flow is 1llustrated in Figures II and III. The fractions.
other than toluene are blended back to produce gasoline, which is of

inferior quality. The process costs are about the same as for the
double-DHD process. ‘ -

This infarmation wag obtained from Dr.Donath.

1v. OXIDATION PROCESS. -

The fbilwing information was obtained from Dr.Bhiller and
Dr.Kéirzinger. _

The paraffin wax used for ths production of fatty acids ly
oxldation with alr should consist of “straightwchain hydrocarbons as
largely as possible; that is, it should net centaln large amounts of
branched chain or cyclic hydrosarbens. The preferred chain length
is between 16 and 30 carbon atoms. Sulfur compounds and phenols
.,vahould,..ﬁnot‘,ﬁho,\,pre_aentu,becausew-thay'--inhibitvvoxldationr-m-'l'hev-"density of
the paraffin wax should not be appreciably higher than that of the

corresponding pure paraffin hydrocarbon. The spacifications for the
paraffin wax are as followss .

Paraffin for Gddation.
1; Sulfur<o,1f : |
2) Melting point 40°C  Sp.gr./70° ©.765
. 50 ® ® /00 g,770

.. B8% " /900 g5
8)-~Boling Bange @ 15 m 180-350°C,

ST ——— | - .- 7%
4) lelting Point  35-607C.=

§) Aniline point 100°C;- _, - _
# If tho-melting point 1s above 60°C, the wax can be-cracked wntdl 1t
moets the epecification, . T

e o
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- A trial run:will determine if the purity of the paraffin wax
is sufficient. Paraffing that can be oxidized caly with diffioulty
must be-purified; for example, by heating with 1=3%: of-aluminun
chloride, by hydrogenating; or by prior oxldation with air wntil a.
epall smount of fatty acid is formed which is then removed as soap.

 Paraffin wax produced by the Yydrogenation (TTH) of bromn ceal,
from crude petroleum olls and from the Fiacher Tropsch synthesis,
have been oxidised succossfully to fatty aclds. :

gm-

The molten paraffin wax is blom with air in pure aluminum
towers in the presemce of manganese compounds, such as 0.1 - 0.2%
of pdotagsium permanganate or miigenese soaps. There is alse added
0.08 = 0.15% of sodium, or potassium carbonate which greatly improves
the quality of the oxidation products. The temperature is maintained
at 130 to 160°C, wntil oxidation begine and is them lowered to. 10D
$0 120°C. The lower the oxidation temperature, the smaller is the
formation of peroxides, but the longer the time of reaction. The
air flow 1s continued wtil approximately 30% of the paraffin is
qonverted ‘to acid (10-30 bours). The product from the oxidiger has
an acid number of 75 and a saponification number of 130-150.

Saponification.

The exidation ct 18 saponified with aqueous sodium hydro-
oxide (20-25% at 80°C, The mixture 1s then pumped into an aubo-
clave where it 1s heated. to 130-150°C wnder pressure, the gremter

‘of the unsaponifiable product separating in an upper layer
(paraffins, alcohols, ketenes.) This upper layer is recycled to
the oxidation tower. The lomer layer (seap solution) 18 heated
(1n a pipestill) to 280-350°C at a pressure of 80-1GD atmospheres.
On release of the pressure, water vapor and the remaining wnbaponi-
fiable material are flash, The wnsaponifiable material 18 recyaled
to the oxidation stage. -

The molten scap obtgined as a reslaus from the flash tower,
18 dissolved in water snd hydrolyzed with sulfuric acid, The war
fatty acid is waghed with water and distilled imder a vacuum of
3-5_mm.. The distillation yields three overhead fractions. The
proporties of ‘tho fractions depend on the molecular-size and quallty

of the paraffin.



. Based on 100 gmrts of paraffin, 'The following quantities are
obtaineds ' co : \ N . y

1. Aelds, O to Cyq, bolling potat to 160%. at 3 mn, 7-15%.

2. "Soap aclds, C10-Cyg, boiling point 150°C, to 240%, ot
3 mm, 45"55%0 . R .

3. Higger acids, C16-Cop bolling point 240-300°C, at 3 mm,
2-5%.

4. Residue - 5-20%. ' o
The quantities ghown o the drawing (Figure 1V) are for a typical
plant run at Oppau with TTH paraffin. The plant at @ppau has a
capacity of 20,000 tens of paraffin wax per year,

B,

The following information on the methane-oxygen process wag -
obtained from Dr.Schilier and Dro.Bartholomé, The information on
materials of construction wag obtained from Dr.Koch, -

The coaversion of methane with oxygen according to the equation:

CHg+20, = CO+2Hy+8 Keals,
has bsen carried out during the last several years for the productien
of hydrogen for the ammonia and methenol synthesis. In most cases;
coke-ove gas has been used ag the raw material, Plants were operat-

ing at Ling, Waldenburg and Oppau, and a plant was wnder construction
at Ansc@@g, o

The conversion does not take place exactly according to the
squation above, part of the methane remaining unconverted, and pa.i
boing oxidized to carbon dioxide and water, Besides, some carbon

temperatures, ‘Tperefore, there are two stages in the conversionm.

The first stage, the combustion with oxygen, 18 carried out without
a catalyst, and ths second stage, the conversion of the hydrocarbons
with steam 15 carried /out over ane of the etandard nickel catalysts,

This process was gted*melsg?fao:tnwxpmmm“
mm%%gm o, of gas per hour, - Raw materialg
_were pure methane, coke-oven gas or waste gases from coal hydrogena-

toa containing higher hydrocarbons, The gas was mixed with omygen
a8 rapidly as possible in several burners and passed over a lsyer of

active nickel catalyst (208 nickel)s It was found suitabie to add

Cwlle
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8toam and to use a temperature of about 1200°C, in the first stage.

-g88 produced was practically free from carbon black and contained
about 1% of methane. o

The following examples illustrate the conversion” of methanes
1) Conversion with oxygen and steaus

120 u® CH.+62 & Oy 470 kg, Hy0 = 350 gB of gas.

CH, e on
C0p —30 8.5
B 1.0 64.1
uz . . : 604 503
00 T - 2100
0p - 0.4

2) Coaversion with alr, oxygen and steams
138 8% CHy+50 2® Opt92 3 atr+70 kg, B30 = 437 5P gas.

C e
Gad
Chy 91.6 0,9
C0p 1.0 8.5
By 1.0 51.7
82 6.4 22.3
co - 18.4
. % - 002

In the first examulo, tne Bstianse wus prohsated to 2009C, a4
in the second to 3000,

t.

The reaction vessel contained 400 liters of catalyst in each

-At-first;-no—teekatcar apptication resulted from this work,
but the, process was taken up again. It was tried to lower the quantity
of oxygen ty using. less steam and ‘allowing more carbon Miack to form,
For separating the carbon black, epeclal filters were designed,
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oonsisting of towers Pilled with coke or punice.--Thése £ilters were.
congtructed to allow:centinuous removal of part of the_ packing for
regeneration. o "

The operation of the comiercial plants 1s a8 follows (eaé‘“‘f‘i_g.\ '

-The colte-oven gas and an air-oxygem mixture are saturated with
water vapor in separate towers and prehsated separately in the heat
exchangers. These exchangers are subjocted to very high tempsratures
and the slightest permeability of the tubes will lead to combustion
and melting of the metals. The actusl alloy used for ths tubes is
Sicromal 10 (13% Or, 1% 51, 18 A1), This alloy is not the final_
answer but vas a war necedsity, Seemless tubes of higher alloying -
metal content would probably bo more patisfactory. Due to the high
bemperature differences in the exchangers, the alloy must have a
high tensile strength. The gases are mixad and burn inm .the upper
portion of the converter. As considerable carbon is formed. in the
ccaversion, a small quantity of nickel nitrate solution is injected
iato the combustion space to decrease the carbon formation, The gases
then pass through a catalyst bed of 5% nickel on refractory (such as
Hg0), 'The throughput of the oven is 2000 n° of gas per sqe m. Of
reactor oross-section psr homr, :

The converted gas heats the fresh gas amd air and is then cooled
to the dew point by the injection of water. The scot is romoved in the
shaft filters filled with coke. In the second part of the plant, the
gas passes through a heat exchanger, a reactor to convert the CO and

steam into C0p and hydrogen, and 18 them cooled to air temperature in
a spray tewer.

At £ull production, ths Oppan plant charges 8300 o of coke oven
gas with 4100 g3 of oxygen to produce 18,300 m3 of synthesis gas of
the following composition:

16%
P 3

8004
o 0.8
Hp - 20.3%

For 8300 =® per hour of gas, the followlig utilities are requireds-
Electﬂcity,hlgh vo,ltage’ 150KW ' ‘ '
. -low_voltage, 35 KW
River Water - 70 tons -
Steam, low pressure " 0.5 ton

The “¢atalyst bas a- 1ife of more than thz:;e_e,k.ykea.re..,.‘ﬁ.

s

-



Three men per shift are rggyi_z-ed to Qpérate the plant.

The same plant can o'n;rate on other gases containlng up to 5%
bydrocarbonﬂ figured as CHy. If the feed gas containe more hydro-
carbons, part of the synthesls gas is recycled as a diluent.

"I'hie procese has the advantage thet it—can-be carried- outw:fth
- gases conteining sulfur, since the conversion temperature can be raised
eagily 80 high that the nickel catalysts are not poisened.

N ' :
The formation of carben is troublesome, but this difficulty can
be overcome, probably by changing the design of the combustion chember.

When ges is menufactured for the methanol synthesis, only oxygen
is used and the feed gas must be low in nitrogen. : -

" The folloming brief description of this process was obteined
from Dr.Bartholome. - - ' . :

Propane is preheated to a temperature of 350 to 450°C. snd ad-
mixed with § to 10%. by volume of oxygen. This mixture flows into an
empty reaction chember where it remains for about 10 seconds, 80% of
the oxygen reacting in this interval. The reaction gases are cooled
to glve an agueous product comteining 30-37% of peroxides. Approximate-
1y 50% of these peroxides are organic and the remeinder is hydrogea
peroxide, which is equivalent to & conversion of about 25% of the
oxygens The dry gas enalyzes about 80% propane and 1G¢ propylene.

The reaction vessel comsists of apparatus glass "Duran® or of
QUADEE, o e e B e

These experiments were carrled out on a scale of 300 liters of
propane per hour, .

D.

The following information was obtained from Dr.Sachsse, Addait-
ional details were not obtained due to the similarity of these experi-
mente to the process of converting methane to acetyleme.  (See
Ludwigehafen CI0S Repart of 16 Avgust 1945).

- EtliEne end oxygen are preheated separately and mixed, whereby an
incomplete. combustion occurs, resulting in a fleme. No catalyst is
useds The reactlon takes place at 1-2 m. of water pressure end &
reaction temporature of 1300-1600°C, The exit gas conteins about

o ,of acetylene besides carbon oxides, hydrogen and wnconverted. .

lwdrtﬁ;carbdng. - The yleld of acetyleme is aboyt 0,33 kg. per kg. of
~ethane, . e ‘

wlde.



Ao OppunoliBs . i

The folluwlng informtim on the prepgratioh and’ ﬁroperties_ of ,
Oppanol was given by Dr.Glterbock and on applications, bty DreSchwarz.

V.. POLIMERIZATION AND_CONDENSATION PROCESSES,

I

- Oppanol is polyisobutylene, prepared by polymerizing isobutylene
in the presence of ethylene to control the tempersture at -100°C.
end of about 0.05% of boron fluoride as catelyst.. The isobutylene
and ethylene (liquid retic 132} with the boren fluoride are charged
in iquid phase onto 2 concave endless belt. The ethylene evapor-
ates &5 the polymerization progresses, meinteining the temperature
at -160%.. The belt 1s inclosed in a case from which the vaporized
ethylene is recovered for recycling. ' The boron trifluoride prepared-
fron CaF,, Bo0, and 5%804) _leaves the reactor with the ethylene
and- 18 removed from it by contacting with Ca0. The. polymerized pro-
duct is scraped from the belt into a heated kneader, where the last
traces of ethylene are evaporated, - ,

. The belt is made of V2A steel; the case and other “equipment,
of iron. ' :

The ethylene and isobutylene must be of ‘the highest purity
obteinable (99.5 #)}. The isobutylene is prepared by the dehydra—
tion of isobutenol at 400°C under atmospheric pressure with an
aluminagel eatalyst.

*

Products of various moleculsr welghts are obteined by adding
a polymerization ®polson™; the best results were obtained with
diisobutylene. The commercial grades were as follows:-

e
B15 - 15,000 *®
B50 50,000 *
B100 . 100,000
~ B200 200,000 ©
Properties of B-15 are:
' Sp.gr. 0.9 |

Ignition Poiny  Very hgh
M.P, - Not definite, thesmoplestic.

. Neutraligation No.Neutral,

‘%mmnvmmhﬁs‘e"xﬁﬁﬁtﬁere ag Tollowa: -
s) Oppancl B3 |

Cable o1l, lubricating oll, seftefiers for resins and wWaxes,ete.




b)meLj;é

‘ Viacoeity improver for lube -0il and cable oil. . Additive to
‘bitumens, waxes, paraffin, etc. Softemer for polyetlvlene,
-gutta perche, and eimilar 'reej.ne. :

.-Foile for electricel insulation and protection against -
corrosion. Gaskets for chemical containers and grooved-can
joints. Combination with polystyrene and polyethylene for
electrical insulation for high-frequency cable casing and pack-
ing. Combinetion with polyethylene for submarine cable. Adhes-
ive plasters and adhesive tape. Combination with wax;paraffin
etc. for doubled steam-impermeable paper. Covering materiels of
all kinds in liquid form, with special stability against aging
and chemicals. Blending with bitumens to increase viscosity
and "dripping point®. Mixed with natural and synthetic rubber -
for special applications. -

The following information was obtained from Dr.Kulm:

Isobutylene 18 passed in the liquid phase at a space velocity of
3 to § llters per liter catalyst per hour over phosphoric acid on
- activated charcoal as catalyst. Conditions: 180-200°C,, 25 atm. gage
pressure. Thirty to fifty percent of this isobutylene polymerizes per
pass, the remalner, after distillation, is recycled. Diisobutylene is
the desired product but triisobutylenme camnot be avoided. One liter
of catelyst can produce one to two cublc meters of product.,. Isobutylene
as.pure-as-possible is used to-avoid losses.in.(pressure ?)- vent— -
release in the recycle system. Comstruction material is iron. The
yield is practically 100 percent if the equipment is.gas tight. There
are no byproducts, excepting 0,1-0.5 percent of tetraisobutyleme which
is separated by distillation. The product is a mixture of diisobutylene
and triisobutylene, which is hydrogenated to "Tamnnol". The product is
tested for octene number and distillation range.

C. Lyupolen H,

. The following :I.nfomaﬁon on the preparation of. Lupolen was ob-
tained from-Dr.Heinrich Hupff, ‘and-on the properties; from- Dr&wars.

‘The process’ ‘is carr.led out at'a preasure ‘at’ 1500-2000 atm., “using
0,05-0,10 percent of oxygen as catalyst. The reaction’starts.at 220°C,
end temperature is controlled between 180 and 220°C. by cooling The

A s



apperatus, ae shown in Fig. VI; consists of (a) a first-stage com-
resgor to 300 atm., (b) a high-pressure compressor to.1500-2000 atm.,
¢) a pipe coll 24 ‘mn, diameter and-80 m:" long, 40~50 1. volume, (d) a
separator, and (e) a caustic wagher, ‘Heatlng and cooling are done by
water under pressure at 200-220°C. in the first sectlon of the coll,
_and 100-1209C, in the second section. The conversion to polymeriza-
tlon products is 8 to 10 percent per pass. Nonthly production is
5 tons. | e CE
 The ethylene feed 1s 98-99% ethylene, about 1% ethane, about O.5%
nitrogen and a trace of acetylene. ' ’ Lo

The viscous Lupolen H is drained into a tub and after cooling it
becomes a snow-white mass. The product contains 0.2 to 0.3 percent of
oxygen. Testing is done by milling a thin sheet on heated polls and
determining the stréss, crease number (Knitterzahl) and dielectric-
loss angle. In addition, the molecular weight which should be between
15,000 and 25,000 13 determined in bodling tetralin by the methed of
Staudinger. o '

- Lupolen H is a horny, tough meterial of paraffin-like charater,
tasteless and odorless, waterproof,-heat-proof up to about 100°C.,
stable against chemicals, and with good dielectric propertles. It is
used alone or with Oppanol B as electrical insulating material, includ~
ing use in’ submsrine cable, as a low-loss insulation in high-frequency
work, also as a cable-covering material.

It is also used alone or with Oppanol B. for acid-proof covers,
packing etc., and for taste- and odor-free wrappings of all' kinds.

D. Paraflow,

The folloming information Comcornlng Lhe paoperatlon of Parallioe
was obtained from Dr.Fritz Christmann.

Hard paraffin, 1000 kg., 50-52%C M.¥., i. chlosloatod to 12-14
percent chlorine by the addition of gaseous chiorine at a temperatw..
of 80°C. - It -1s thon diluted in a stirred vessel with about 1000 kg.
of ethylene chloride. After cooling to 20°C,, 150 kg. of naphthalene
10 kg. of polystyrene and 35 kg. of zinc oxlde are added.’ Gradually,
over 12 hours, 70 kg. of AICL, is added, with stirring. In this perioa,
the reaction temperature rises slowly to 30 to 359C, After an addition-

al 24 hours, the reaction temperature reaches 60°C., after which the

-17-
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'reacti.on produet 18 centrifuged to remove insoluble aalts. ‘

. The- centrlfuged product is. thezatreated wlth 30 kg. of fuller 8
earth (Terrans) in'a gas-hented agitator, during which time (12 hours)
the temperature is raised t0:240-270°C, The ethylene chloride is
distilled off in the process-and is replaced with kerosene. The produet
is cooled to 100°C. and filtersd. The filter cake i3 twice extracted -
with kerosene. The filtrates are combined snd vacuum-steam distilled

in a pipe still, where kerosene and a paraffin-gontaining spindle oll
are recovered as overhead products. The residue of 650 kz. (65% of
original paraffin) is Paraflow fluid with a viscosity of 50-809E. at
100°C, which is mixed with other oils (motor oils, apindle oils) in a
ratio of 10:90 and sold as Paraﬂow

The E.udwigsha.fen Paraflowm plgn’c has & capacity of about 20 T/Month
Paraflow Fluid ( = 200 T/Mo commerclal Paraflow). The plant is prac-
tically intact and can reach this capaciiw in a few months.

_E. Bunol.

The following information was obtained from Dr.Steinhofer on the
preparation of Bunol, which is a butadiene polymer, claimed to be a
sultable substitute for drying oll, such:as linseed oll.

Butadiene is introduced with stirring into a suapenaion of two
parts of potassium sodium alloy in 400 parts of toluene at 80°C, The
reaction takes place violently, the temperature rising to 170°C. so that
the toluene boils under reflux. After 8 to 10 hours, the reaction sub-
sides. About 8000 parts of oll are fcrmed; half is taken off and fll-
tered. The other half, remaining in the kettle, is mixed amew with

200.parts.-of -toluene.-and.-can -be-used again for the reaction without the
addition of catalyst.

Details could not be furnished since the process was carrled out at

Schkopau, and due to lack of communications, the information was not
available,

F. Buma D,

The folldwing statement concerning Buma D was obtalned from Dr.
Herbeck, .

,___Bm.DAa.a_co-polymen-of_butadiene.andammlp-Dimol.is.attVJLk
dene dimethylvinylcarbonol, and is made by the addition of vi.nyl acety-
lene to acetone.

The product 1is pol&inerized in emulsion by customary methods and
its qualities are about the same -as those of Bupa S,




G Production of Koresin.

 The following brief information was obtained from-PriChrist on
Koresin preparations o -

i
3

Koresin ig prepared by treating a mixture of p-tert butylphenol
(alstilled product) snd 8% zinc naphthenate ("Solingenzink") in a
stirred autoclave with a mixture of acetylene and nitrogen wntil 1.3

40 1.5 mols of acétylene have reacted with 1 mol of the butylphenol.
Operating conditions are 200-240°C, 20 atm. total pressure, 3 atm,
partial pregsure of nitrogen. The reaction product is foreed by ‘
pressure to snother agitator at 200°C., and from this vessel is emptied
at 160-200°C. into wooden barrels or paper bags. It sets to a brittle
brown resin of 120-130°C. melting point, corresponding to a dripping
point of 130-1409C. ty the method of Kramer and Sarnow.

Report Ho. 241, De.Hocht, May 25, 1940, "Koresin® is available
through CIOS, VAFT III.

Vi. C TION PR .

The following informstion wes obteined from Dr.Leutner:

The chlorinetion of propsne to dichlorides is carried out by mix-
ing liquid propsne end liquid chlorine in equimolar amowmts in the
presence of propylchloride, ten times the equivalent of the chlorine.
This mixture is precooled and exposed to a mercury-erc lamp, in several
stages. Intermediate cooling tekes place between the stages so that
the- temperature-does-not -exceed-70%C...-The pressure.has.to be sufficient
to maintein the liquid phase and insure solution of the hydrogen
chloride formed. -The process may be carried out batchwise or continu~
ously by recycling the products through the coolers and exposure stages,
rezoving product equivalent to the fresh feed.

The products are separated, by distillatlon, into hydrogen chloride,
propane, propyl chloride, propyl dichloride (5G% of 1,3 dichloropro-
pane) and a seall residue of higher chlorinated products, The propane
18 mixed with fresh propane and returns to ths process wikh the propyl
chloride. The yield of propane dichloride is about 99% of theory.

—Butane-dichloride-can-be-produced-in-a-siuilar-manner,In-this ..
process, the temperature must mot exceed 40-50°C, A pressure of 15 atm.
is required. A yleld of almost 100% is realised, including some
trichlorobutane.

-
B B - SRR ~. T ’ e

" Thlg daformation on the wodistion of butediene from butylene ves.
obtained from Dr.Leutner: o R



The chlorination of butylene is carried out in a high-speed
centrifugal pump by introducing gaseous chlorine into a mixture of
Mquld butylene end en excess of dichlorobutene. In order to obtain
" an immediate reaction withthe butylene, the chlorine 1s introduced

axially into the pump through a nozzle. At & pressure of 4~6 atm.

the circulsting mixture is mainteined in the liquid phase at '40-80%C.

In crder to be certein that the chlorine -enters in the vapor phase,

the supply line is steam jacketed. The liquid is circulated through

a cooler and produet corresponding to the feed is removed continmuously.

Distillation ylelds the dichlorotutane, the wnreacted butylene being

returned to the system. _ o

The production of butadieme by splitting off of hydrogen_ chloride

is carried out in empty tubes heated to 600-610°C. The best results
are obtained with a 131 mixture of dichlorobutane to monochlorobutane,
the monochlorobutane being obtained by splitting hydrogen chloride
from dichlorobutane., The mixture 1s vaporized and passes into the
reaction tubes; almest quantitive ylelds of butadiene are obtained.

— The menochlorobutene apd wmrsacted diéhlordbntane are recycled
to the deccmposer.

In principle, the chlorlnation of propylene can be carried out
in the same mermer, Wat dus to the higher boiling point, lower

temperatures and higher pressures are required to maintain the liquid
state.

Ths following information on the vapor-phase chiosfuatlovu of
butans was obtained from Dr.Waldmann.

With reference to Figure VII, butane and chloerlae are mlxed .
atmospheric pressure in the proportion of 1 to 1 and brought to a
temperature of 300-350°C., The reaction takes place very rapldly ia
the absence of a catalyst and produces more heat than is necessary ..
maintain the temperature. The products are cooled to condense the
chlorldes and are washed with dilute hydrochloric acid to wash out
the HC1. The chlorinated butanes are caustic washed and distilled teo
geparate the higher chlorides {iPoly”). The monochloride and dich-
lorides are decomposed without a catalyst at 550-600°C., and the
products -are-worked-up in -the same system and together with the
chlorinaticn-product "

The gasous product, Butene, butylene and butadiene, passes to
an absorber where it is contacted with a copper solution. The butane-
butyleno stream is comducted back to the chlorinator. The butadiene
is liberated from the rich absorber solution by decomposition with
heat-and.the.lean.copper-solution.recyeled........

-20-
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' The concentrated hydrochloric acid is electrolyzed, ylelding
chlorine, which g recyeled, and hydrogen.:  The chlorine is recov~
ored to the dxtent of about 90%; the remaining 10f being present in
the polychlorobutane. produced.’ .

From 1000 kg. of butane and 120 kg. of chlorine, the following
yields are obtained: ‘ -

c@nﬁ T 650 kgc

gzh hio hn{-.an | 4&5)' ‘{é |
_ chloro! a o
Siad (25-30% €1)

The process ms tims far been carried out only on a small scale
(10 kg. per hour), It is believed it can be successfully applied to
the production of butylene or to butylene and butadlene, as well as
for the production of propylene frem propane. o

VII. MISCELANEOUS PROGESSES AND PRODICTS,
A. \3,,.,,~ ‘ n_of adl e n ]

The following information on the investigation of catalysts
for the hydrogenation of butadiene to butylene was obtained from
Dr.Conrad. '

In the catalytic dehydrogenation of normal butane, a certain
percentage of the butylene is delydrogenated to butadiene. A small
porcentage of butadieme is detrimental in the alkylation of butylene
to iso-octane, since the concempticn of sulfuric acid is greatly
increaeed-:«ww»-w—w~«»m a4 e e et 3 s L b e e e )

In the experimental plant, Op.339, in which normal butane is
dehydrogenated on a semlcommercial scale by a mulilstage process,
experiments wers made to hydrogemate the butadiene with the hydrogen
contained in the gas. A hydrogemating catalyst was tried which had
boen developed for the removal of small quantities of acetyleno in
the gas -stream of an ethane cracking plant. ‘1t was possible to
reduce the butadlene content from about 1-1,5% to 0,15 without chang-
ing the total olefin content of the gas. " Since the dehydrogenation
of butane as well as alkylation was interrupted by changed require~

ments, the investigation could not be pursued further.on.a commercial

-scale;-sspecially-the-deternination-of-the-silfuric-acid.coneumption.

in the alkylation step. Further laboratory expériments,however,

were made with a series of catalysts, the preliminary results of
which follows

The method of experimentation was as follows. The gas produced

~in-a-butane- delydrogenatica.plant.was.collected.in.a_ges.holder.and
‘the butadiene contant brovght to 1-26 ty the additien of butadtene,



The mied gas Bad, on ‘the ave_z_'aéé, the "fo_li_quyq,i;ng-.‘__cOmpo'eiﬁén-li-

Olefine - 20-25%

Butediene o 1-2%- ,
Hydrogen 23-28%

Butene ‘remainder

. The gts was drawn from the gas holder &t the rate of 25 Hiters
‘per hour through & gas meter end a drying section, ,then into the
catalyst chamber, which was a vertical tube of 30 mm. dismeter, heated
electrically. The different space velocities were obteined by ,
altering the quantity of catelyst. The freedom of the gas from buta-
diene was determined by the fellure of a portion of the stresm to -~
discolor 87% sulfuric acid, “The butylene content was determined in
the usual way by absorption in 874 sulfuric acid. -The following
observations were made in the series of experiments. '

If the temperature of the catalyst ig raised at a glven space
velocity_of the cherge gas, hydrogenation of tutadiene to butyleme begins
.. at a definite minimum temperature, and with further increase of
temperature, all the butadiene disappears without eny hydrogenation
of tutylene, that is, the olefins remain unchanged. This result holds
over & definite limited téemperature range which is different for
each catalyst. Further increase of temperature generally -causes a
decreese in the olefin content of the gas, since butylené is then —
hydrogenated te butene. The temperature range of selective hydro-
genation is different for each catalyst snd can change for a given
catelyst in the course of continued use, en effect which can, of course,
be ascribed to a change of catalyst activity. All catalysts investi-
gated showed this behavior, with the exception of copper chromite on
eilica gel, With this catalyst only, selective lydrogenation was
observed over a wide temperature renge. Further increase of temperature
resulted only in the reappearance of butadiene and no butylene was
hydrogenated. A further investigation of this catalyst and other
chromite catalysts is planned, :
‘ In the course-of the .experiments it was found necegsary to remove
from the" a‘s'-"'str'eam‘f»‘the""polymeri’?atim""products“which‘tare-“always' e
present in such dehydrogenated gages as vapor or ertrained as mist. The
removel is necessary to protect the-cetalyst from fouling. The re-
movel wrs easily effected by a 'mist filter and dn activated carbon
filter. The. lack of such purification was the reason.that the butediene
_con:e‘nt was not complately reduced to zero in the commerciel experi-

The principal results sre sumerized in the following table.

The secondcolum shows the space velocity enpleyed,stated in
iters .per hour gei' nter qf“catalyst. _The"thlrd',_cdlﬁnm,‘giveé”the -

R



;tampef;iéturé ‘range ‘within-which the c@t&latat;" hydrogenates. selective-

Catalyst =~ ; épb.ce Velocity | 'Temper%ture range
or 04410 (Dr,Hiuber) 11000 851309
e _ ' 2000 80-138°
8376/High Pressure expts 280 110-260°
Sulfide catalyst,clay 1000 130-2407 .
support - 4000 160-270
Cu0 Crg0; on silica gel 1000 140-320° .
2000 220° and higher
4000 260° and higher
1Cu 1800 105-150°
On clay 4500 130-200°
N4 on clay 500 225-300°
N B

These experiments show that the selective hydrogenation of
bubtadiene in the presence of butyleme is possible with each catalyst
tried, and it is only necessary to find by experiment the particular
conditions that a given catalyst requires. '

In order to determine accurately the hydrogenation product, pwo
butadieno was hydrogepated over copper supported on clay. In this
experiment, ‘the-catalyst was fully active at 76%0. - The products were
removed as solids by carbon dioxide. The Raman enalysis gave the
following resultss™ = - : A

Trans-butene - 2 eo0%
Cignbutene-2 - 15%
Buteno-1— —

Ho butane and no ‘buéadi.ern‘e wézge‘p’reseht. ,These' resnlts show
that the addition of hydrogem is principally 1,4-addition.
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B. Kybol.
The following information concerning the manufacture of

Kybol was obtained from Dr.Waldmen. :

. Fybol (dethyl benzene) is manufactured frém benzene by alky-
1stion with ethylene, using aluminum ghloride as catalyst. Ethy- -
lene and benzene (mol ratlo 211) are reacted in a tower contain-
ing al{imlnun chloride at the boiling point of benzene at atmospher-
jic pressure, vaporization removing the exothermic heat ‘of reaction.
The ethylene is mnearly completely abgorbad in one pass. The product
is waphed and distilled.’ ' ' o

The first fraction containing benzene, as well as the third
fraction containing triethyl benzene, 1s recycled to the alkylation
towers. The mlddle fraction (about 30% of the mixture) represents
‘the final product, "Kybol". There is also a residue of the higher
allylated benzenes. . ' o

From 1000 kg. of benzene and 720 kg. of ethylene, 1450 kg." of
Kybol are produced with a consumption of 5-7% of aluminum chloride
" (based on the benzene). : L

‘Kybol was chiefly obtained a8 a by-product of- the manufac
of ethyl benzene for styrene. ‘ ' :

. In the same mamner, isopropyl benzeme can be preparéd from
benzene and propylene. ‘

€, Tannol.

‘The. following brief statement on Tennol was obtained from
Dr Kulm. L wap onhenaeT Al

‘Diisobutylene and trilsobutylene from polymerization are
hydro-genated in the }iquid phase at 200 atm. pressure and. 250°C,
. over a tungsten~sulfide catalyst. A space velocity of 3 1litersiof
liquid charge per liter of catalyst per hour was employed. Yield
is practically 1006 of Tannol “(1sooctane and-iscdodecane),: which -
is used for a gasoline blending agent. ‘ _

At first, nickel on a cerrler such as pumice oxz‘k:l.;éélgnh h r%
wag. used,but was later replaced by tungsten-sulfide pellets.

DovVapol 8.

, 'rhefollowing deseription of the pre:‘)arati‘.onk otf'?ianoll was
obtained from Dr.Lorenz. o '

A mixture of 1 mol of formaldehyde and 2 mpls of methanol
with 2% ByS04 as-catalyst 1s introduced “into d al@tillation




diatillation 1, methanol in dietﬂlatim II,ﬁand aboth are-recycled.
After e,(dding ‘pufficient water to form the 82% water azeotrope of
veitol acetal (1,1,2 trimethoxyethane), the mixture is-distilled off
at 929C, and lydrolised in the presence of Hp.at 300 atm. and 250°C.
The products,. aethanol, water, and mthyl g]ycol are charged to dip-
tillati.on 1T, \

The main product, metlwl glycol (2 methoxyethanol? is obtained
by distillation IV, and finally in a vacuum distillation, Vanol HS
is recovered, leaving & viscous residus., The vanol HS is'a mixture
of polyoxy compounds, pertly ethers, containing acetal groups whi.ch
can be lvdrolyzed by hydrogenation over nickel, = -

The technical experimental plant for this mveat.igetion wao
working only partly. It was built for 50 tons per month of ‘mothyl
‘glycol in continuous operation. The methyl glycol was to. be. hydro-
lized to glycol but this stage had not been- aatisﬂaetoﬂly developed.

~ From 100 pa.rte of reector product, the. followtng‘ mterials-are
obtaineds - !

Dimethyl other 5 parts
Yothylal . 45
Methane 14
Vanol agetal 12
Mothyl glyeod 18
Vanol HS = - .9

Residus ., ' 2

The following brief i.nformtion o tlm pmparation of 1eopwene
was Obtmed Lroa: Dr.mm- o

Tha paration-of dioléﬁns is ca.n'ied out by firat reasting
ths .olefin’ w‘.l.th fom&ldelvde 10 ‘the Jiquid phase at ordinary tempora-
~ture in the. preeence of lwd.rogen clgm'ide, to form a 1,3 dloxane,

_The.dionne..i -ae od to the- diolefin by scontacting with
‘phosphoric deid catalyst’ at abont zeo"b
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This 16 41lustrated in tho folloving Feastimt

cna. : cnz-o- cho——--? — 6“3" CH
E ’_n.ai_?o.‘_/ " Bg
wG=CH : CHy + acgo_a- Hzor

-, When trimetiyl etiylano is used, besides dimetiyl butadiene,
. pdnacolin ig obtained. : ‘ \ o

Further details may bo obtained in DRP, IG. No,663/43 end DRP.

F. P \ i Al °

The following _inf'omé.t:l.on on the preparation of a]Jyl alcohol
from allyl chloride was obtained from Dr.Klein. -

' Soda wolutica (1,25 m*/h. of 2.5 normal) is preheated to 130-140°
C. end mixed with 250 liters per hour of allyl chloride. The allyl
chloride containg 3-4% of isomers of lower molecular weight.

The mixture passes into a steam-jacketed reactor (see Fig.(IX)
where it is maintained at 150°C, afterwards.flowing into a secondary
reactor. As it is wnkmom in which stage of the regctor the major
portion of "ths 0, is liberated, the contact’ time" cannot-be-caleulated-
exactly, but it 18 estimated to be 20-30 minutes. Pressure in the
reactor is maintained at 10-11 atm. '

" Tne reaction mixture s expanded to 8 atm. into a spray tower,
in which the 1iquid phase separates from the COp. The gases pass through .
8 ""&oole‘;j‘"to"a;aepamtor andare then vented. ~ \ S
A :

- :The Jiquid phase from the spray tomer is charged to a distillatlon
_colunn hested by direct injection of steam where an azeutrope (250
dfers per hoir) containing 206 water and 706 allyl-alcohol 1s teken
overhead, The ailyl alcohol frequently conteins small quantities

~(0,5-1,5%) of ‘diallyl ether. The salt solution Yeaving the column
: should have a slightly alkaline reaction and contain no tracea of allyl
‘alcohol (by bromine test). SR : *

- The -following - information:.on -the. pfeparaﬁon “of “methacryl nitrile”
“vias obtalned from Dr.Lovenz, < |
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‘a-percury vapor lsmp; -the.chlorine being added in: such amounte .
that the chlorination does not exceed 40%. The product is distilled,
“and: the.first-fraction cantaining -unconverted isobutyronitrile and

~go=called alpha~chloroiectutyrenitrile” (EP 119%) is recycled to
‘the chlorinator. ‘A second fraction (160-170°0\, containing the
go~called "beta-chloroisobutyronitrile® and an unknown: “dichlor-
oisobutyronitrile”, is treated with 105 KOH. Approximately 5§ of
‘an unsaponifiable, highly chlorinated product is obtalned as'a
residus, - E D

By the KOH hydrolyeis, the bota—chloroisobutyrenitrile splits
off 0L yielding methacrylnitrile I which is.separated by distille-
tion. The dichloride residue is passed over Tilp at 420%C., yleld-
ing methacrylnitrile II, which is less pure. The yleld of meth-
acrylnitrile 1s about 76% based on the butyric acld.

This investigetion hed not proceeded beyond the éx.p_gi mental

stage, and the preparation for pilot~plent coanbtructiom.
VIII. -SPECTROGRAPHIC STUPIES. -

A,Q gegearcg .
The following informatlon was obteined from Dr.Fromhers. As

other investigators were covering tiie subjegt thoroughly, caly a
brief summary _otf the conclusions was obtained.

Experiments were performed by Dr.Fromhexs together with Dr.
Luft (of Oppan Manufacturing Control Dept.) od‘the use of the infra-
red spectrun of hydrocarbons for qualitative and quantitative
analysis. of hydrocarbon mixtures, and to prove. the advantsges and
disadvanteges of infrared anslysis as compered with Raman snalysis.
The-studies led to the following.conclusionss .. .. .. ... . ... . .

1, Ths infrared fundamentel oscillations between 3 mu and.
12 m1 arse very characteristic for ths individual hydrocarvons; they
give sufficiently intensive absorption bands and permit a good qualite~
analysis of mixtures with not more than three coiponents, and a ¥

d 4

2. A comparieon of infreved analyais with the Ramsn enslysis
shows that the Raman enalysis is in general preferable for qualitative
investigations, because the characteristic Raman lines of differemt

B
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Therefors, the individual hyc
more easily 'ty ‘the:Raman spect:
components can’be qualitat: vgl_y

“analyzed satisfactorily. -

3. For quantitative snalysis; the infrared method 18 generglly
better, because; the intensity of absorbed light .can be measured
_easily With great accuracy. In quantitative Ramen anslysis, it is
necessary to measure photometrically the.blackness of photographic
places, which is-difficult, not too accurate and ‘subject. to:many
errors, If special precautions-are not taken, the accuracy may not
oxceed 58. Further, the results are not expressed in absolute
concentration, but only in relative ratios, , Lo

" 4. The latter fact leads to a further adventage of infrared
analysis.: If, in Reman analysis, one component is missed because
of 1ts very weéak Ramsn line, the remaining components (by ratios)
will §till add up to give a total of 100 per cent for. the analysis.
If the samp mixture is analyzed by infrared rays, it can be deter-
nined if the sum is actually 100 per cent, or if 1t is less than
100 per cent (beyond the limits of erro’i'SS‘; If the latter .condi-
tion is found, some component has escaped Rapan analysis, and
the infrared analysis will give the queantity of this component by
difference from 100%, and possibly from some disegreement in the ‘
infrared spectra, a clue to the identity of the missing component
may be gained. ‘ ,

B. MM‘ i
Theiuformtiongim Hb“glow was obtalned from Dr.Luft.

In Oppg'i;;,_wtwp' infrared. spectrographs were developed; one
registers the course of the energy, the other gives directly the

spectral course of the absorption rélation (ratio ?) of the sub-

stance ‘being examined. - The spectral range-of the first apparatus

extends from 1 to 8; that of the second from 1 to 14.  Both instru-
“ments-have-rock-salt prisms.:-In-the-last-few .years, these appara-

" tue have been used to investigate the infrared absorption of a

_ number-of - substances. (including paraffinic end aromatic hydro-

Both.of these apparatus were desciibed in the "Zedtacrirt far

technizche Physik", -in-additlon, & Tecording apparatus g~ T
developed fof plant analysis using. a suming up.(integrating) method
‘of ‘infrared absorption. 'This spparatus’serves to record contimially
the analysi# of CO; ‘methane, etc:  (Infrared absorption recorder).

[ ——




Both spectrographs are in the Lenard Institute at Heldelberg.
Spectra, calibrating curves, etc. are partly in the Lenard Institute
and partly in the salt mine at Hellbronn. ' Both places are under
control of the American authorities. o -

The standard samples had mostly remained in Oppau, Building
Op. 567, where they were partly destroyed in the air raid in December,
1944, - The others were stored in the basement of building Op.567. &
fen samples were stored in the Lenerd Institute in Heldelberg. <
Infrared absorption recorders are in place in’ various parts of the
Oppau and Ludwigshafen plants. '

Y.
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