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industrie, a,G, plant at Ludrigsharen/oppzu were further interro-
gated in July 1945,

shafen,

Both wethods exployed an iron catalyet which wag stated to have
the following advantages over the cobalt catalyst:

a. The gésoline is better,
b. A highep concentration of olefins s formed,
c. The process ig cheaper, '

Dr. Michael hag also investigated the use of iron catalysts in
a tubular reactor at reduged temperatureg,

Special precautions are Tequired with the iron catalyset, which
Bore than the cobalt catalyst, ig subject to ‘run-away® reaction apnd
the formstion of carbon on the catalyst., The methods investigateq
were designed to prevent the conditiong which lesd to carbon forma.
ti



carried out at 3 pressure 20 atmospheres. At lower pressures the
resction velocliy is too smell. The gas recycle ratio 18 100 vol-
umes of recycle to one volume of fresh gas. Contect time in the
cetelyst bed i approximately one nalf to one second per pass,

with a gas velocity of sbout 1 m. per second. The flow sketch
(Fig. 1 jllustrates the process. An importent 1imd tation is that
the gas must flow through the catalyst bed without turbulence,
otherwise static gones form snd lead to a dangerous temperature el
rise resulting in the formation of methene and carbom. This nec— T
essary flow condition has been obtained in gmall-scale experiments T
(28 shown in Fig I), using 2 § 1iter catalyst bed which were con- N
ducted successfully for as long &s 10 months. Experiments of short-
er duration have been guccessful in the same type of system with a
400 liter catelyst bed. DT. Micheel believes this gingle-bed design
could be built to still greater giemeter; channeling is the limita-— g
tion. ﬁ:(‘ :

With larger scale experiments (4-cubic meter catalyst bed),
space restriction required the bed construction ahown in Fig. 2.
The operation of thie wmit was unsuccessful, because the gas under-

oes a change of direction gimulteneously yith a veloclty change -
%oﬁing to change in giemeter), which results in turbulent flow and
stegnant spots develope in the catalyst bed. This mit was shut
down after 2 months of operation because of the formation of carbon
pockets. A further large-scale experiment utilizing cylindrical
construction was proposed but the equipment was not built, due to L
the war. This wit wag to have alternating sections of cetalyst : co
and condensers, in one container, as shown in Fig. 3.

Reagtibn Data -

Gas cO: H, about 1l:l or 435
Pressure 20 atm.
Gas purity Sulpbur — under 2 mg. per cu.m. 002 free.
Gas recirculsation 100 times. '
Temperature change

of gas 100 C.
Working temperature 200-325"C. (meinly 525°C.)
Catalyst Sintered iron catelyst. Pellets about

1 cm. )

CO» in exit gas 40-45% ’
Output per cu.m. of catalyst:s TCO-800 kg./day- _

The best gasoiine is obtained with iron catelysts when the
sypthesis is conducted sbove %000C. Therefore it 18 necessary that
the catalyst be insensitive to such temperatures and & gocd cenducter

—2-



reduction with hydrogen. " an example of the catalyst Preparation
is ag follows: Fipe iron powder Prepared by thermml decomposition
of irom carbonyl 1ig pasted with g concentrated solution of borax

cooled in g hydrogen atmosphere, which 1g replaced by carbop dioxide
before charging to the Teactor, In place of iron powder, Fe203 may
be tsed in the preparation but it yields a catalyst which 1g very
porous and of relatively low stability, )

3} Cooling to minus 40°C 4o condense 1light gagoline and part
of the liguefiable hydrocarbon gases, ' _
the gas mist be intensively dried with calciuy chloride ar
silica ge1,

Smalier gecong systen, whereby an overall cenversion of 92 to 95% is
obtained, The products from thig Becond system are separated in 5
manner simlar to that described abova,

40-§a
25

gﬁq 5-18
co 15-20%

The so-eelleq Yugefulr products are ng follows:
-3




Cop - Cy (excluding ethane) 30%

Ethylene 8%

Propylene o%

Propane R .g;

B .

,ﬁi:ii:ne . o4 %3/4 of iro-structure
Gasoline (to 200°C.) 48% ( 7% =lcohol content)
Gas il ' : 144 (4% - " " )
Paraffin

1%
Alcohol (in. aqueous jayer) Th (meinly Co)

Only straight-chain and slpba methyl primary glcoholse are produced.
For every 100 kg. of these useful products, 25 kg. of methane and
ethene are formed. From the liquefied hydrocarbon gases, additional
gesoline can be prepared by polymerization and alkylation.

The crude gasoline product has an octape number of €8 to 70
(reseerch pethod). By passing this crude product over alumina at
400-450°C, for the removel of oxygen and then refining over fuller's
earch &t 180-200°C, the ociene pumber is increased to g4 (reseerch
method) and to 75-78 by motor method. The refining loss is about 5%.
The gescline, which hag an olefin content of about 7%, mst be
jnhibited for storage. The gas oil has a cetane number of 45 to 50.

(bzggga&gﬂ Producte in the Water.
Acetaldehyde 5%
Acetone 108
Ethenol o 55%
Propanol 20%
Butsnol end over 108

B. The Foap Procesg.

If the object of the operation is not to produce & gasoline, but
rather chemical producte, clefins of greater chein length, such €8
cccur in the gas-oll fraction, are the more desirable compounds. To
inerease the gas—-oll yield, the operating temperaiure must be lowered
(250° or below)e rherefore, to obtain a reaction, & more ective sata~
lyst than the sintered catalyst jg required. The following process
wae developed to work with the highly active catalyst in =2 1liguid
phase in which the reaction gases &re only slightly asoluble and In
which the cetalyst is guspended in & finely divided state. Fig. 4
showe the flowe.

Apparetus.

The gas aistribution is besi effected by cersmic plates (0.15 mm.
pore size). The finely divided catelyst is kept in suspension in the

-4
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oll in the reactor by the ascending gas stream. The high- :

part of the reactlon product serves as the puspending medium (250-
300 kg. of irem per cu.m. of oil), The gae passes out overhead
through a separator. The liguid is slowly carried upward and flows
overhead into the separator. The spent gas and the admixed vaporised
product pass te the condensers. From the seperator, only the excess
liquld is removed. The recycle suspension passes into a cooler, and
thence to 2 pump, which returns it to the reactor. At a circulation

. temperature of 250°C, the suspension temperature increases 10°C over

the period of 3 minutes in the reacter.

After the separation of the product as deseribed in section A,
further conversion of the gas is possible by recirculation (after
removal of COs}. Several stages are preferred, since in a second
stage 85% conversion is reached and in a third, 90f.

Baactlon Data,
Gas - CO:Hp about 1:1 or 4:5
Pressure - 20 ata,
Temperature - " about 2500¢
Reaction duration - about 3§ minutes/cycle
Temperatwre rise - 10°C,
Convsrsion - 7
COs in exit gas - 40-45% . _
Yiela - 1 cu.m.reaction volume

yields 350-450 kg./day.

Latalvet,

- In comtrast to the sintered catalyst, the reduction of the
catalyst for the "Foem® process 1s effected at lowsr teuperature
(350-450°C) with a ~ery high hydrogen throughpnt. Iren oxide is
obteined 1n the finely divided state either by precipitation or by
the decompesition of iron carbomyl. The oxtde is stirred into a
paste with Alkall sclutien (K5COz or potassium borate) and formed
into small granules which are dried, reduced and gromnd fine in a
ball =i11 in adwixture with gas oil,

The iron carbonyl can alse be decomposed in the suspension oil,
in which cage, a smeller amount of irom suffices.

Eroduct -
Idguefiable gas (Czand Cy) 10F
Gaeoline<g000C 40-5F with 70F olefins.
Cas of1<850°C, 3% with 40-5(% olefins.
Peraffin, 20-25%, of which 2/3 boil over

450°C,



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

Dtiiization of Product.

The olefins are readily polymerised to Iubricating oil or con-
verted to sulphonates (detergents) with sulpmuric acid. By reactiom
with 00-32, the olefins may be comverted into higher alcohols,
aldehydes or acids.

Large-Scale Experiment,

The largest unlt, tried out was a 1% cu.m. system (including
the separator). It prodamod 450-500 kg. of product per day. After
two mmths a catalyst deposit was observed in the upper portion of the
reactor. A stirrer was added to prevent this occurrence, but so much
deposit formed around the stirrer and then fell off that the foam-
plate was covered.

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

Dr. Mchael also gave the :l’ollowing informstion on irem Flacher-
Trupsch catalystsa.

Synthesis iron catalysts produced by precipttation in the same
manner ag the cobalt catalyst, is wmsatisfactory because a "run
reaction developes: 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 sclld catalyst with good
heat conductivity and high activity. In this method the sintering was
carrled out before the reduction and the reduction itself performed at
as low a temperature as posaible while maintaining a high hydrogen
“lociw.

In order to attain high activity, 5-25% of alkali-earth metal in
the form of axide or carbmate, (Mg0 or MgCOz preferably) is incorpor-
ated into the catalyst. The iron oxide or hydroxide is mixed with the
alkall earth and 1-2% of K,CO5 or K,B,0,, pressed into pellets, heated
to 850°C, and then reduced with hydTrog *after cooling to 350-450°C,
The catalyst has a very high activity at 240°C and lower temperatures,
and excellent therm al stability in the tube reactar. Ths catalyst was
used in a 20-1iter tube reactor for several months under the following
condltions:

Pressure, atm. 20

Texparature, °C 230-250
Charge—gas composition COsHpw 415 to 514
Conversion 70-8(K



Uncer the above conditions the yield was 0.35 - Q.45 kg. per
liter of catalyst per day of the following products:

Liquefiable gas (Cgz, Cq) 108 with 7% olefins
gasoline (200°C:) 35506 DL £+ S

gas oil (<3509C:) 25-35% P o40-50% ®
Parsffin wax: 15-25%, (60% boiling sbove 450%C,)

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

The methane yield was ebout 10 kg. per 100 kg. of the above products.
- The oxygen—-conteining products are mainly alcohols, with

aldehydes, ketones and esters, es well a8 & small quentity of
free zclds, 28 the other compounds.

Do L Catalys the F. B ol

The foltowing Informetion was gliven by Ir.Duftschmid on the fixed-
bed, odl-circuletion process which he had developed for iron catalysts..

The object of this development was to remove the heat of reactiom
by circulzting product-oil of fixed boiling range over the catalyst.
The heat is removed by ralsing the temperature of the oll as well =as
by partizl evaporstion. This procedure eliminztes local cverheating e
znd prevents the farmetion of excess meth=me and carbm.,

Dr. Duftschmid believes that the capacity of a reactor would be

Hmited cnly by the economice of comstruction. The process has been . }rf {,
tested for 2 lang tiwe in a pilot wmit of 8-L0 toms per momth : A
capacity.

The process operates at a pressure of 20-25 atm. z2nd at temper-
aturee of 260-300°C in the first stage and 280-830°C, in the second
stage. Oynthesis gee with 2 high ratio of CO to Hp is recuired, for
example, CO:Ho = 55:45, The throughput is cemtrolled to yleld
20-25 gme. of total product per liter of catalyst per hour. The
catalyst employed 18 the game =2s thzt used by Dr.Michael in Hhis fixed-
bed process.

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

16% Cz plus Cz hydrocerbons, 85% unsaturated
4% gasoline f<2 ) s SOF "
20K gas oll » 25% .

20F paraffin wax.
4§ alcohols. (largely methanol and ethanol)}

-7



The gasoline contains about 1% of oxygen and the gas oil, about
0.5%. .

The erude gasoline bas a resesrch-octone number of €2-€5, and
must be further refined. The gas oil has = cetane number above 70.

Further details of this process may be found in English Patents
Noe 468,434 and 465,668

III. IOLUENE PRODUCTION

‘Nearly 211 the toluene produced in Germeny was a by-product of
the ecoke ovens. At the beginning of the war, produciion amounted to
about 7,000 tons per month: and during the course of the war, the
quantity wes increzsed to about 12,000 tons per menth by the bullding
of precislon-fractionation plants. In 1944 the synthetic plant st
Weldenburg came into production, adding 4,000 tons per momth. (This
synthesie of toluene from benszere and methanol by meens of a phosph-
oric-acld catalyst is described in the Leuns report.)

Two other processes were considered for the production of toluene
but neither had been carried out commerclally. '

4. Double DHD Proce

One of most important research projects at Ludwigshafen was the
development of the double DHD process. This process consists in
treating heavy naphtha by the DHD proces » frectionating the product
Yo remove 2 toluene concentrate (100-115°C Bolling remge), and re-
treating thle fraction in the DHD wnit., Close fractionztion of this
product ylelds nitration-grade toluene (99t%) without further treet—
ments The flow scheme for this process is shown in Figure I.

This process gives a good yield of toluene, and a2t the same
time, aviation gasoline of excellent quality.

In 1943 an expansion of the DHD plant at Iucwigshafen was begun
for the production of 10,000 tems per Yyear of toluene by this process.
Also, projects were discussed for wnits et Lewna and Brfix, as well as
at a Brabasg plant.

E. S 0, i e DED Napt

In 1939 & project was worked up for P8litz for the production of
about 15,000 tons per year of toluene by extraction of DHD naphtha
with SO2 - propane. A gimiler preject was also discussed for Scholven.
Neither plant was bullt.

-The DHD nephths wae fractionated to Yield an aromstic cut

-8
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(70-120°C) which was extracted at - 76%C,
The quantities used were as follows:

100 volumes of naphtha

100 =~ * propane
100-150 * * anlfur dloxide.

The sromatic extract was then fractionated closely to y:l.eld
nitration~grade tolusne in practically J.(IK yield (based on the toluene
in the naphtha charge). :

The flow ia 11lustrated in Figures Il and ITI., Ths fractions
other than toluene are blended back to produce gasoline, which is of
inferior quality. The process costs are about ths same as for the
: douhlo—DHD proceam

Thil infarmtion was obtained from Dr.Dopath.
Iv. QIDATICH PROCESS.

The following information was obtained from Dr.$hiller and
Kﬂrzlngar.”, ,

‘ The pa.mfﬁn wax used for the production of fatiy acids Wy
oxidation with alr should consist of stralght-chain hydrocarbons as
largely as possible; that is, it should not contain large amounts of
branched chain or cyelic hydrocarbons. The preferred chain length
is betwsen 16 and 30 carbon atoms. Sulfur compounds and phenols
should not be present because they inhibit oxidation. The density of
the paraffin wax should not be appreciably higher than that of the
corresponding pure paraffin hydrocarbon. The specifications for the
paraffin wax are as follows:

1) Sulfur<o,1%
2) Melting point 4o°c Sp.gr./70° 0.765
_ * v /0P 0,770 .
55°c » " /70° 0.775
' 3) Bolling Range @ 15 mm 180-350°C,
760 mn 220°.
4) Melting Point  35-607C,*
Aniline point 100PC,
» 1t tho melting point is above 60°C, the wax ean be eracked mtil it
mests the specificaticun. '

==




DHD Nephtha
100 Parts
Arometics 40%
| Toluene 12%
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Based on 100 pmrits of paraffin. The following quantities are
obtained: ' : '

1. Acids, Cg to Gy, bedling point to 150°C. at 3 mm. 7-15%.

2. Soap acids, C1g-Cyg, boiling point 150°C. to 240°C. et
3 mm, 45-55%.

3. Higher acids, 016-Cps boiling point 240-300°C, at 3 mm,
2"5%.

4., Residue - 5~-20%.

The quantities shown om the drawing (Figure IV) are for a typical
plant rm at Oppau with TTE paraffin. The plant at @ppau has a
capacity of 20,000 tons of paraffin wax per year.

B. Methane-Oxygen Process,

The following information on the methg.ne—oxygen process was
obtained from Dr.Schiller and Dr.Bartholomé. The information on
materials of construction was obtained from Dr.Koch.

The conversion of methane with oxygen according to the equation:

CHg+20, = CO+2Hp+8 Keals,
has been carried out during the last several years for the productiom
of hydrogen for the ammonia and methanol synthesiz. In most cases,
coke-oven gas has been used as the raw material, Plants were operat-
ing at Ling, Waldenburg and Oppau, and a plant was under comstruction
at Auschwite.

The conversion does not take place exactly according to the
squation above, part of the methene remaining unconverted, and part
being oxidized to cerbon dioxide and water. Besides, some carbon
black is formed from methane cracking. Most of the methane and some
of the carbon can be eliminated by converalon with water st eleveted
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 conversion of the hydrocerbons
with steam is carried out over ene of the standard nickel catalysts.

This process was investipated in 1927/30 in experimental plants
at Oppau and Leuna for about 100 a°. of gas per hour, HRaw meterials
were pure methane, coke-oven gas or waste gases from coal hydrogena-
tion containing higher hydrocarbone. The gas was mixed with oxygen
as rapidly as possible in several burners and passed over a lsyer of
active nickel catalyst (20F nickel). It was found suitable to sdd

gy iy




XVA dU NOILVAIYO ¥Od JATHS MOTL AI *I1d

. —TT- e InI0g
. ¥ g%y
. P10V L3394 epnup
: SPIOY A3384 JO UOCTI8TIT38 1 -
. a2og
I8], UOT38PIXQ . : —
S3d3d 2°61 | [ Yos®y » aaq0m
, @03 JOo gisd{odpip
o
: EPIoY 4338y 8ploy 433ug , SPIOY L33y
famoy dsog *IM " TOH MO
s3ded B2 s3I8d b s9I9d ¥
deog se 13 janduy
: IV
LS §87qeljyucdesu) Jo ucijudedsg f
ks . : 3

e | ==~/

. woy4nyog ﬂ 1 ﬂ
% (1-0) ow [$6-2°0) YL@ oM

-

-

momz wnﬁnMnoH B4I8d 001
- o (¥o-T)*101

- UoTIBRIXQ U0136821JTInd Xam
L . . sesap ¥70 <

Y \

SR ] UG134pTxX0 09 s31q8Tjiuadssup. Jo aTokoey




stean and to use a temperature of about 1200°C. in the first stage.
The gas produced was practically free from carbon black and contained
about 1% of methane.

The following examples illustrate the conversion of methane:

1) Conversion with oxygen and steams.

120 x° CH,+62 u° Op+70 kg. Ho0 = 350 m of gas.

CH, 81.8 0.7
Cop 1.0 8.5
By | 1.0 64.1
No | 6.4 5.3
o0 - 21.0
0 . - 0.4

'2) Conversion with air, oxygen and steams

135 #° CHg+50 n° 0p+92 w® alr+70 k. 20 = 437 w® gas,

Cha . Produc
Gagf i Gas

9l.6
| cc% 1.0 6.5
Hz 1.0 51.7
¥, 6.4 22.3
co | - 18.4
Op - 0.2

In the first example, the metbane was prehsated to 200°C, ang
in the second to 300°C,

The reaction vessel contained 400 liters of catalyst in each
experiment.

At first, no techmical spplication resulted from this work,
but the process was taken up again, It was trled to lower the quantity
of oxygen by using less steam and allowing more carbon black to form.
For separating the carbon black, speclal filters were designed,

-12-
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‘consisting of towsrs filled with coke or pumice. These filters were

coanptructed to allow continuous removal of part of the packing for
regeneration.

.) The operation of the commercial plants is as follows (ses Mg,
v - - .

The coke—oven gas and an alr-oxygen mixture are saturated with
water vapor in separate towers and preheated separately in the heat
exchangers., These exchangers are subjected to very high temperatures
and the slightest permeability of the tubes will lead to combustion
and melting of the metals. The actual alloy used for the tubes is

Sicromal 10 (13% Cr, 1% Si, 1% A1), This alloy 18 not the final
answer but was a _war neceesity. Seamless tubes of higher alloying

- metal content would rrobably be more shtisfactory. Due to the high

temperature differences in the exchangers, the alloy smust have a

high tensile atrangth. The gasea are mixed and burm in the upper
portion of the converter, As conalderabls carbon is formed in the
conversion, a small quantity of nickel nitrate solution is injected
into the combustion space to decrease the carbon formation. The gases
then pass through a catalyst bed of 5% nickel on refractory (sush as
¥z0). The throughput of the oven 1s 2000 a° of ga8 Der sg. m. of
reactor cross-gection per hour. . '

The converted gas heats the fresh gas and air and is then eooled
to the dew point by the injection of water. The soot is removed 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 CO0) and hydrogen, and i then cooled to sir temperature in
a spray tower, ‘ ' .

At full production, the Oppau plant charges B300 u° of coke oven
gas with 4100 u% of oxygen to produce 18,300 u° of synthesis gas of
the following composition:

| 18%
o %
80.4
ok, o.%
Np 20,3

For 8300 ° per hour of gas, the followlng utilities are required:-

Electricity,high voltage, 150 KW

: low voltage, 35 KN
River Water ' 70 tons
Steam, low pressure 0.5 ton

The catalyet has a 1ife of more than three years.

15—
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Three men per shift are required toc operate the plant.

The same plant can operete on other gases conteining up to 5B
hydrocarbons, figured as CHy. If the feed gas contains more hydro-
carbong, part of the synthesis gas is recycled as a diluent.

This process has the advantage thet it can be carried out with
" gases conteining suwlfur, since the conversion temperature can be raised
easily so high that the nlckel catalysts sre not poisoned.

The formation of carbonm is troublesome, but this difficulty can
be overcome, vrobebly by chenging the design of the combustion chamber,

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

S 'J..

The following brief description of this proceés wag obtalned
from Dr.Bartholome. . - « T .

Propane 1s prehsated to a temperature of 350 to 450°C. snd ad-
mixed with § to 106 by volume of oxygen. This mixture flows into an
empty reactlon chamber where it remains for about 10 seconds, 90% of
the oxygen reacting in this interval. The reaction gases are cooled
to glve 2n aqueous product conteining 30-37% of peroxides. Approximate-
ly 50F of these peroxides are arganic and the remainder is hydrogen °
- peroxide, which 18 equivalent to a conversion of about 25% of the
oxygen. The dry gas enalyzes about X propane and 1G6 prdpylene.

The reactlion vessel comsists of apparatus glass "Duran® or of
guarts,

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

D.

The following information was obtained from Dr.Sachsse. Addit~
ional details were not obtelned due to the similarity of these experi-
ments to the process of converting mwethane to acetyleme. (See :
Ludwigshafen CIOS Repart of 16 Avgust 1846). -

Ethane and oxygen are preheated separately and mixed, whersby an
incomplete combustion occurs, resulting in a flame. No catalyst is
used. The reaction tzkes place et 1-2 m., of water preesure and a
reaction temperature of 1300-1600°C, The exit gas conteins about
o of acetylene besides carbou oxides, hydrogen and unconverted
hydrocarbon. The yleld of acetylenme is about 0.33 kg. per kg. of
ethane,
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V.. POLYMFRIZATION AND CORDENSATION PROCESSES,
A. Oppanol.B,

The following infbrmation on the preparation and properties of
Oppencl was given by Dr.G#terbock and on applications, by Dr.Schwarz.

Oppanol is polyisobutylene, prepared by polymerizing isobutylene
In the presence of ethylene to control the tempersture =t -1000C,
and of about §,05% of boron fluoride as cetelyst. The isobutylene
and ethylene (liquid ratio 112} with the boren fluoride are charged
in Iiquid phase onto 2 concave endless belt. The ethylene evapor-
etes as the polymerizztion progresses, mainteining the temperature
at -160°C. The belt 15 inclosed in a case {rom which the vaporized
etlylene is recovered for recycling., The boron trifluoride %prepared
from CaFy, B0y ond HyS0,) lesmves the reactor with the ethylene
and 18 removed from it by contecting with CeC. The polymerized pro-
cuct is scraped from the belt into a heated kneader, where the last
traces of ethylene are evaporated, :

The belt is made of V24 steel; the case and other equipment,
of iron, ' .

The ethylene end isobutylene must be of the highest purity
obtzinable (99.5 %). The isobutylene is prepared by the dehydra—
ton of isobutanol at 400°C under atmospheric pressure with an
aluminagel catalyst. :

Products of various molecular weights are obteined ty adding
2 polymerizstion ®poison®™; the best results wers cbtained with
dlisobutylene. The commercial grades were a8 follows:-

B3 3,@ pol. wt.

BEl5 15,000 *®

B50 50,000 "

E100 100,000 *

B200 200,000 "

Properties of B-15 are:

Spegre. 3.9

Tgnition Point Very high

M.P. " Not definite, thermoplestic.

Neutralization No.Neutral,

The applications of these products were as follows:

a) Cppapol B3

Cable 0il, lubricating oil, sefteners for resing and waxes,etc.



'b) Oppepol BLS

. Viscosity improver for iube oil and cable oll, Additive to
bl tumens, waxes, paraffin, etc. Softener for polyethylene,
gutta perche, and similar reeins.

c¢) Oppenol BSO, BlOO snd BROG,

Foils for electrical insulation and protection against
corroeion. Gaskets for chemical comtalners and grooved-can
joints., Combination with polystyrene and polyethylene for
electrical insulation for high-freguency cable casing and pack-
ing. Combination with polyethylene for submarine cable. Adhes-
ive plasters and adhesive tape. Combination with wax,paraffin
ete. for doubled steam-impermeable paper. Covering materiels of
all kinds in liquid form, with speclial stabllity agesinst aging
and chemicals. Blending with bitumens to increase viscosity
and "dripping point". Mixed with natural and synthetic rubber
for special applications.

B. Igotuiglene Dimerigation.
The folloﬁing information was obtained frem Dr.Kulm:

Isobutylene 18 passed in the liguid phase at 2 space veloelty of
3 to 5 Ylters per liter catalyst per hour over phosphoric acid on
activated charcoal as catelyst. Conditions: '180-200°C,, 25 atm. gage ‘
pressure. Ihirty to fifty percent of this isobutylene polymerizes per
pass, the remainer, after distillation, is recycled. Diisobutylene is
the desired product but trilsobutylene camnnot be avolded. One liter
of catelyst can produce one to two cubic meters of product. Isobutylene
as pure as possible is used to aveid losses in (pressure ?) vent-
release in the recycle system. Comstruction materiael is iron. The
yield is practically 100 percent if the equipment 1s gas tight. There
are no byproducts, excepiing 0.1-0.5 percent of tetraisobutyleme which
is separated by dlstilletion. The product is a mixture of diiscobutylene
and triisobutylene, which 1s hydrogenated to ®Tannol". The product is
tested for cclzne number snd distillation range.

C. Lupolen E,

The following information on the preparation of Lupolen was ob-
tained from Dr.Helnrich Hopff, and on the properties, from Dr&lwars,

The procese is carried out at a2 pressure at 1500-2000 atm., usling

0.05-0.10 percent of oxygen as catalyst. The reaction starts at 220°C,
end temperature is controlled between 180 and 220°C. bty cooling. The
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apparatus, as shown in Fig, VI, consists of (a) a first-stage com-
ressor to 300 atm., (b) a high pressure compressor to 1500-2000 atm,,
%c) a pipe coil 24 mm., diameter and 80 m. lomng, 40-50 1. volume, (d) a
separator, and (e) a caustic washer. Heatlng and coolling are done by
water under pressure at 200-220°C. in the first section of the coil,
and 100-120°C. in the second section. The conversion to polymeriza-
tion products is 8 to 10 percent per pass. Monthly production is

S tons. :

| The ethylene feed is 98-99% ethylene, about 1% ethane, about O.5%
nitrogen and & trace of acetyleme.

The viscous Lupolen H 18 drained into & tub and after cooling it
becomes a snow-white mass. The product contains 0.2 to 0.3 percent of
oxygen. Testing 18 done by milling a thin sheet on heated rells and
determining the stress, crease number (Knitterzahl) and dielectric—
loss angle. In addltion, the molecular weight which should be between
15,000 and 25,000 is determined in bodling tetralin by the method of
Staudinger,

Lupolen H 1s a horny, tough material of paraffin-like charater,
tasteless and odorless, waterproof, heat-proof up to sbout 100°C,,
stable against chemlcals, and with good dielectric properties. It is
used alone or with Oppanocl B as electrical insulating material, includ-
ing use in submarine cable, as a low-loss insulation in high-frequency
work, also as a cable-covering meterial.

It is also used alone or with Oppancl B. for acid-proof covers,

packing etc., and for taste- and odor-free wrappings of all Kinds. fwf"

D. Paraflow, 7 ' ;:f\_

The follo!ing information comcerning the rreparation of Paréflow
was obtained from Dr.Fritz Chrlstmann.

Hard paraffin, 1000 kg., 50-52°C M.P., is chlorinated to 12-14
percent chlorine by the addition of gaseous chlorine at a temperature
of 809C. It 1s then dlluted in a stirred vessel with about 1000 kg.
of ethylene chloride. After cooling to 20°C., 150 Xg. of naphthalene,
10 kg. of polystyrene and 35 kg. of zinc oxide are added. Gradually,
over 12 hours, 70 kg. of AICIy is added, with stirring. In this period,
the reaction temperature rises slowly to 30 to 359C, After an addition-
6l 24 hours, the reaction temperature reaches 60°C., after which the
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reaction preduct is centrifuged to remove insoluble salts.

The centrifuged product is then treated with 30 kg. of fuller's
earth (Terrana) in a gas-heated agitator, during which time (12 hours)
the temperature is raised to 240-270°C, The ethylene chloride is
distilled off in the procees and is replaced with kerosene. The product
is cooled to 100°C. and filtered. The filter cake is twice extracted
with kercsene. The filtrates are comhined end vacuum-steam distilled
in a pipe still, where kerosene and a paraffin-containing spindle oil
are recovered as overhead products. The residue of 650 kg. (65% of
original paraffin) is Paraflow fluld with a viscosity of 50-80°F. at
100°C, which is mixed with other oils (motor oils, spindle oils) in a
ratio of 10:90 and sold as Paraflow.

The Ludwigshafen Paraflow plant has a capacity of about 20 T/Month
Paraflow Fluid ( = 200 T/Mo commercial Paraflow). The plant is prac-
tically intact and can resch thie capacity in a few months.

E. ol.

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

Butadiene is introduced with stirring into a suspension of two
parts of potassium sodium alloy in 400 parts of toluene at 90°C, The
reaction takes place violently, the temperature rising to 170°C. so that
the toluene beils under reflux. After 8 to 10 hours » the reaction sub-
sldes. About 8000 parts of oil are fcrmed; half is taken off and fil-
tered. The other half, remalning in the kettle, 18 mixed snew with
200 perts of tolueme and can be used again for the reaction without the
addition of catalyst. :

Detalls could mot be furnished since the process was carried out at
Schkopau, and due to lack of communications, the information was not
available.

F. Bypa D,

The following statement concerning Buna D was obtained from Dr.
Herbeck.

Buna D i85 a co-polymer of butadiene and Dimol. Dimol is ethyli-
dene dimethylvinylcarbonol, and is made by tbe addition of vinyl acety-
lene to acetone,

The product is polymerized in emulsion by customary methods and
its qualities are about the same as those of Buma S.
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G. Production of Koresin.

The followlng brief information wag obtained from Dr.Christ on
Koresin preparation:

Koresin is prepared by tresting a mixture of p-tert butylphencl
(distilled product) and 8% zinc naphthenate ("Solingenzink®) in a
stirred autoclave with a mixture of acetylens and nitrogen wmtil 1.3
to 1.5 mols of acetylene have reacted with 1 mol of the butylphencl.
Operating conditions are 200-240°C, 20 atm. total pressure, 3 atm.
partial pressure of nitrogen. The reaction product is forced by _
pressure to anotber agitator at 200°C., and from this veesel is emptied
at 180-200°C. into wooden berrels or paper bags. It sets to a brittle
brown resin of 120-130°C. melting point, corresponding to a dripping
point of 150-140°C, by the method of Krzmer and Sarnow,

~ Report No. 241, Dr.Hecht, May 25, 1940, "Koresin" is availeble
through CIOS, CAFT III,

VI. CHLORINATION PROCESSES.
A. Prepsxeticm of Alivl Dichloxides.
The following infarmation wes obteined from Dr.Leutner:

The chlorinetion of propsne to dichlorides is carried cut by mix-
ing 1iquid propene and liquid chlorine in equimolar amownts in the
precsence of propylchloride, ten times the equivelemt of the chlorine.
This mixture is precooled and exposed to a mercwry-arc lamp, in several
stages. Intermediate cooling takes place between the stages so that
the temperature does not excesd 70°C. The pressure has to be sufficient
to paintein the liquid phase and insure solution of the hydrogen
chloride formed. The process mey be carried out batchwise or comtinu-
ously by recycling the products through the coolers and exposure stages,
removing product equivalent to the fresh feed.

The products are separated, by distillation, into hydrogen chloride,
propane, propyl chloride, propyl dichloride (SOF of 1,3 dichleropro-
pane) and a small reseidus of higher chlorinated products. Ths propane
- 1s mixed with fresh propane and returne to the process with the propyl
chloride. The yleld of propane dlchloride is about 99% of theory.

Butane dichloride can be produced in a siwmilar menner. In this
process, the temperature must not exceed 40-50°C, A pressure of 15 atm.
is required. A yield of slmost 100F is realiszed, including some
trichlorobutane.

B. FPreparsilon of Butadiene from Butvlene,

This information on the production of butadiene from butylene was
obtained from Dr.Leutner:
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The chlorination of tutylene is carried out in a high-speed
‘centrifugal pump by introducing gaseous chlorine into & mixture of
lquld butylene and an excess of dichlorobutane. In order to obtain
an lmmediate reaction with the butylene, the chlorine is introduced
axislly into the pump through a noszle, At a pressure of 4-6 atm.
the circulating mixture is meintained in the liquid phese at 40-80°C.
In crder to be certain that the chlorine enters in the vapor phase,
the supply line ig steam Jacketed, The liquid is circulated through
& cooler and produet corresponding to the feed iz removed continuously.
Distillation ylelds the dichlorobutane, the unreacted butylene being
returned to the system. '

The production of butadieme Ly splitting off of hydrogen_ chloride
is carried out in empty tubes heated to 600-610°C, The best results
- are obtained with a 1:1 mixture of dichlorobutane to monochlorobutane,
the monochlorobutane being obtained by splitting hydrogem chloride
from dichlorobutane. The mixture 18 vaporized and passes into the
reaction tubss; almost quantitive ylelds of butadiene are obtained.

The manochlorobutene and mreacted dichlorobutane are recycled
to the decomposer. ‘

iIn principle, the chlorination of propylens can be carried out
in the sawe mammer, Wt dus to the higher boiling point, lower
temperatures snd higher pressures are required to maintain the liquid
state, :

c. !‘1:3.3.. -z
The following information on the vapor-phase chlorination of
butane was obtained from Dr.Waldmenn. - -

¥ith refersnte to Figure VII, butane and chlorine are mixed at
atmospheric pressurs in the proportion of 1 to 1 and brought to a
temperature of 300-350°C. The reaction takes place very rapidly in
the absence of a catalyst and produces more heat than is necessary to
maintain the temperature. The producta are cooled to condense the
chlorides and are washed with dilute hydrochleric acid to wash out
the HC1. The chlorinated butanes are caustic washed and distilled to
geparate the higher chlorides @Poly”). The monochloride and dich~
lorides are decomposed without a catalyst at 550-500°C., and the
products are worked up in the same system and together with the
chlorination product.

The gasous product, Putane, butylene and butadiene, passes to
an absorber whers it is contacted with a copper solution. The butane—
btutylene stream is conducted back to the chlorinatar. The butadiene
1s  liberated from the rich absorber solution by decomposition with
heat and the lean copper solutlon recycled.
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The concentrated hydrochloric acid is electrolyzed, ylelding
chiorine, which 1s recycled, and hydrogen. The chlorins is recov-
ered to the éxtent of about 9G%; the remsining 10 being present in
the polychlorobutane produced.

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

Collg 650 kg.

gz 65 kg.
lychlorobutane 400 kg.
oVEEe (25-3c€ C1)

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 butadliene, as well as
for the production of propylene from propana.

VII. MISCELLANEOUS PROCESSES AND PRODUCIS,

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 1s dehydrogenated to butadiene. A small
percentage of butadiene 18 detrimental in the alkylation of butylene
to iso-octane, since the consumption of sulfuric acid is greatly
increased.

iIn the experimental plant, 0p.339, in which normal butane is
delydrogenated an a semlcommercial scale by a multistage process,
experiments were made to hydrogenate the butadiene with the hydrogem
coritained in the gas. A hydrogemating catalyst was tried which had
been developed for the removal of small quantities of acetylene in
the gas stream of an etbane cracking plant. It was possible to
reduce the butadiene content from about 1~1,5% to 0.1% without chang-
ing the total olefin comtent 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, especially the determination of the sulfuric acid consumption
in the alkylation step. Further laboratory experiments,however,
were made with a series of catalysts, the preliminary results of
which follow:

The method of experimentation was as follows. The gas produced

in a butane dehydrogenation plant was collected in a gas holder and
the butadiene content brought to 1-2% Wy the addition of butadiene.
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The pixed gas hed, on the average, the following composition:-

Olefins 20-25%
Butadiene 1-2%
Hydrogen 23-28%
Butane remalnder

The gas was drawn from the gas holder at the rate of 25 liters
per hour threough a gas meter end a drying section, then into.the
catalyst chamber, which was a verticel tube of 30 mm. cdiameter, heated

"electrically. The different space velocities were obtalned by

altering the quantity of catalyst. The freedom of the gas from buta-
diene was determined by the failure of & portion of the stream to
discolor 87% sulfuric acid, The butylene content was determined in
the usual way by absorption in 87% sulfuric acid. The following
observations were made in the series of experiments.

If the temperature of the catalyst is raised at a glven space
velocity of the charge gas, hydrogenation of butadiene to butylene begins
&t a definite minimim temperature, and with further inecrease of
temperature, all the butadliene disappears without eny hydrogenatlion
of btutylene, that is, the olefins remsin unchanged. This result holds
over & definite limited temperature range which is different for
each catalyst. Further increase of temperature generslly causes a
decreese in the olefin content of the gas, since butylene is then
hydrogenated to tutane., The temperature range of selective hydro-
genation is different for each catalyst and can change for a given
catalyst in the course of continued use, an effect which can, of course,
be ascribed to a chenge of catalyst asciivity. All catalysts investi-
gated showed this behavior, with the exception of copper chromite on
gilica gel, With thls catalyst only, selective lhydrogenation was
observed over s wide temperature range. Further increzse of temperature
resulted only 1n the reappearasnce of butadlene and no butylene was
hydrogenated. A further investigation of this catalyst and other
chromlte catalysts is plenned,

In the course of the experiments it was found necessery to remove
from the gas stream the polymerization products which are always
present in such dehydrogenated gases as vapor or entrained as mist. The
removal 18 necessary to protect the catalyst from fouling. The re-
movael w»8 easily effected by a mist filter and an activated carbon
filter. The lack of such purification was the reason that the butadiene

 content was not completely reduced to zero in the commercial experi-

ment., i
The principal results are summeriged in the following table.

The second column shows the ppece velocity employed, stated in
1liters per hour per liter of catalyst. The third colum gives the
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temperaturs range within which the catalyst hydrogenates selective-
1y at the space velocity shown. :

Catalyst Space Velocity Temper%ture range
c
Crp0-#10 (Dr.HEuber) 1000 85-130°
' . 2000 80-138°
8376/High Pressure expts 250 110-260°
Sulfide catalyst,clay 1000 150-240:
support ' , 4000 - 160-270
CuD Orp04 on silica gel 1000 140-320°
. 2000 220° and higher
4000 260° and higher
Cu | 1800 105-150°
On clay 4500 130-200°
Ni on clay 500 225-300°

These experiments show that the selective hydrogenation of
butadiene 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 hWydrogenation product, pure
butadiene was lydrogenated over copper supported on clay, In this
experiment, the catalyst was fully active at 75°C. The products were
removed as s0lids by carbon dioxide. The Raman analyeis gave the
following results:

Trans-butene - 2 80%
Clis-butene-2 15%
Butene-1 5%

Bo butane and no butadlene were present. These results show
that the addition of hydrogen is principally 1,4-additiom.

-R0=



B. Kybel.

The following information concerning the manufacture of
Kybol was obtained from Dr.Wajdman.

Kybol (diethyl benzene) is manufactured from benzene by alky-
lation with ethylene, using aluminum chloride as catalyst. Ethy-
lene and benzene (mol ratio 2:1) are reacted in a tower contain. "
ing aluminum chloride at the boiling point of benzene at atmospher-
lc pressure, vaporization removing the exothermic heat of reaction.
The ethylene 1s nearly completely absorbed in one pass. The product .
1s washed and distilled. RS

The first fraction contalning benzene, as well as the third ‘ S
fraction contalning triethyl benzene, is recycled to the alkylation
towers. The middle fraction (about 3% of the mixture) represents s
the final product, "Kybol", There is also a residue of the higher

allkylated benzenes.

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

Eybol was chiefly obtained as a by-product of the manufacture
of ethyl benzene for styrene.

In the same manner, isopropyl benzene can be prepared from
benzene and propylene.

C, Tapnol.

The folliowing btrief statement an Tannol was obtained from RN
DroKulm- . . ‘ 'v":-,",’

Diisobutylene and triisobutylene 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 liters of
liquid charge per liter of catalyst per hour was employed. Yield
is practically 100% of Tannol (isooctane and isododecane), which
1s used for a gasoline blending agent. :

~ At first, nickel on a carrier such as pumice or kdeselguhr
weg ussd,but was later replaced by tungsten-sulfide pellests. -

D, Vapol H,S.

The following description of the preparation of Vanol was
obtained from Dr.Lorens.

4 mixture of 1 mol of formaldehyde and 2 mols of methanol
with 2% H;S0, as catalyst is introduced into a dlatillatiaen
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colum (wee Fig. VIII). Methylal (dimethoxymethane) in an azeotrope
wlith 88 of methanol is taken overhead. The azeotrope is mixed with
0.1% cobalt acetate (dissolved in methanol) and reacted with CO:

in the ratio of 132 at 170°C. and 300 atm. The product is stabilized
to remove dimethyl ether and methane. Methylal is taken overhead in
distillation I, methanol in distillation II, and both are recycled.
After adding sufficient water to form the 82% water azeotrope of
vanol acetal (1,1,2 trimethoxyethane), the mixture is distilled off o
at 929C, and hydrolized in the presence of Hp at 300 atm. and 250°C, Lo
The products, methanol, water, and methyl glycol are charged to dis- .
tillation II. . Co

The main product, methyl glycol (2 nethoﬁqethanol" is obtained ' :
by distillation IV, and finally in a vacuum distillation, Vanol HS
is recovered, leaving & viscous residue. The vanol is a mixture

of polyoxy compounds, partly ethers, containing acetal groups which
can be hydrolyzed by hydrogemation over nlckel,

The tecimical experimental plant for this investigation was
working oply partly. It was bullt for 50 tons per month of methyl
glycol in continuous operation. The methyl glycol was to be hydro-
lized to glycol but this stage had not been satisfactorlly developed.

From 100 parts of reactor product,. the following miari.als are
obtalned: ] K

Dimethyl ether 5 parts "
- Methylal - 45 : b
- Methane - 14 ' ) _ g
Vanol acetal 12 .
Methyl glycol 13
,  Vanol HS ' 9
Residue 2
E. Diolefins {rom Olafins and Formeldekwde.

The following brief information on the preparation of isoprene
was obtained from Dr.Bueren.

The preparation of dlolefins is carried out by first reatting
the olefin with formaldehyde in the liquid phase at ordinary tempera-
ture in the presence of hydrogen chleride, to form a 1,3 dioxane.

The dioxane is then decomposed to the diolefin by ‘contacting with
phosphoric acid catalyst at about 2207,
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This is i1llustrated in the following reactiom:

. Eﬂs -
CBy~C = CH, + HOH) ——=—3> CHg - C-CH,
J/ 32

H;PO“ _ Hz

caa;xi.‘c"n = CH, + Hcao/f A,0

Mhen trimethyl etlylene is used, besides dimethyl butadiens,
pinacolin is obtained.

Further details may be obtained in DRP, IG. No.563/43 and DRP.
810,371 ) : _

F.P Al L4

The following information on the preparation of allyl alcohol
from allyl chioride was obtained from Dr.Klein.

Soda solution (1.25 m°/h. of 2.5 normal) 1s preheated to 130-140°
C. and mixed with 250 liters per hour of allyl chloride. The allyl
chloride contains 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. 48 it is unknom in which stage of the resctor the msjor
portion of the CO, is liberated, the contact time cannot be caleulated
exactly, but it 1s estimated to be 20-30 minutes. Pressure in the
reactor 1s maintained at 10-11 atm.

The reaction mixture is expanded to B atm. into a spray tower,
in which the 1iquid phase separates from the COp, The gases pass through
a cooler to a separator and are then vented. -

The 1iguid phase from the spray tower is charged to & distillation
column hested by direct injection of steem where an azeutrope (250
liters per hour) containing 2 water and 70% allyl slcohol 1g taken
overhead. The atlyl alcohol frequently contains small quantities
(0.5-1.5%) of diallyl ether. The salt solution leaving the colum
should bave a slightly alkeline reaction and contain no itraces of allyl

alcohol {by bromine test).

G. Methservl Nitrile,

The followlng informetion on the preparation of methacryl nitrile
was obtained from DPr.Lerenz.-
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Isobutyl alcobol is axidized, through the aldehyde, to iszo-
butyric acid. This acid with ammonia is contacted over beawdte
at 5009C, to obtain iscbutyronitrile in 95% yleld. The isobutyron-
itrile is chlorinated at €5-70°C. in a quarz tube by exposure to
a mercury vapor lamp, the chlorine being added in such amounts
that the chlorination does not exceed 408. The product is distilled,
and the first fraction conteainling unconverted lsobutyronitrile and
so-called "alpha-thlorciscbutyrenitrile® (BP 119°C) 18 recycled to
the chlorinator. A second fraction (160-170°C), containing the
so-called *"beta—chloroiscbutyronitrile® and an unknown *dichlor-.
cisobutyronitrile”, is treated with 10K KOH. Approximately 5% of
an wmeaponifisble, highly chlorinated produet is obtained as a
residue, : ‘

By the KOH hydrolysis, the beta—chloroisobutyronitrile splits
off HCI yielding methacrylnitrile I which is separated by distilla-
tion. The dichloride residue is passed over Ti0p at 420°C., yleld-
ing methacrylnitrile II, which is less pure. The yield of meth-
acrylnitrile is about 75% based on the butyric acid.,

This investigation had not proceeded beyond the experiieﬁtal
gtage, and the preparation for pilot-plemt constructiom.

VIII, SPECTROGRAPHIO STUDIES.
7 L. Begearéh.. ) o

The following informstionm was obtained from Dr.Fromherz., 2s

other investigators were covering this subject thoroughly, only a
brief summary of the conclusions was obtsined.

Experiments were performed by Dr.Fromberz together with Dr.
Luft (of Oppsu Manufacturing Control Dept.) on the use of the infra-
red spectrum of hydrocarbons for qualitative and quantitative '
analysie of hydrocarben mixtures, and to prove the advantages and
dieadvantages of infrared anslyeie as compered with Raman enalysis.
The studles led to the following conclusioms:

1. The infrared fundamental oscillatioms between 3 mu and.
12 pu are very characteristic for the individual hydrocarbone; they
glve sufficiently intensive absorption bands and permit a good qualita-
tive analysis of mixtures with not more than three components, and a
quantitative analysis with a precision up to 0.5 per cent.

2. A comparison of infrared ahalyais with the Ramsn analysis
shows that the Raman analysis is in gemersl preferable for qualitative
investigations, because the characteristic Faman lines of different
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hydrocarbons can be observed lying adjacent to each other, while
infrared absorption bands for different hydrocarbons are overlapping.
Therefore, the individual hydrocarbon in a mixture can be identified
more easily by the Raman spectrum, and mixtures of more than three
components can be qualitatively analyzed satisfactorily.

3. TFor quantitative analysis, the infrared method is generally
better, because the intensity of absorbed light can be measured
easily with great accuracy. In quantitative Ramen analysis, it is
necessary to measure photometrically tbe blackness of photographlc
places, which is difficult, not too sccurate and subject to many
errors. If special precautions are not taken, the accuracy mey not
exceed 5§5. Further, the resulte are not expressed in absclute
" concentration, but only in relative ratios.

4. The latter fact leads to a further advantage of infrared
analysis. If, in Raman snalysis, one component is missed because
of its very weak Raman line, the remaining components (by ratios)
will still add up teo give a total of 100 per cent for the analysis.
If the same mixture is analyzed by infrared rays, it can be deter-
mined if the sum is actually 100 per cent, or i1f it ig less than’
100 per cent (beyond the limits of errorsi. If the latter condi-
tion ie found, some component has escaped Raman analysis, and-
the infrared asnalysis will give the quantity of this component by
difference from 100%, and poesibly from some disagreement in the
infrared spectrz, a clue to the identity of the missing component
may be gained.

B. Equipment.

The information given below was obtained from Dr.Luft.
N

In Oppau, two infrared spectrographs were developed; one
registers the course of the energy, the other glves directly the
spectral course of the absorption relation (ratio ?) of the sub-
stance being exsmined. The spectral range of the first apparsatus
extends from 1 to B; that of the second from 1 to 14. Both instru-
ments have rock-salt prisms. In the last few years, these appara-
tues have been used to investigate the infrared ab sorption of a
number of substances {including paraffinic and sromatic hydro-
carbons).

Both of these apparatus were described in the "Zedtserift fir
technieche Physik", In addition, a recording apparatus was
developed for plant anslysis using s summing up (integrating) method
of infrared absorption. This apparstus serves to record continually
the analysis of CO, methane, etc. (Infrared absorption recorder).
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Both spectrographs are in the Lenard Institute at Heidelberg.
Spectra, calibrating curves, etc. are partly in the Lepard Institute
and partly in the salt mine at Hellbronn. Both places are under
control of the Awerican authorities.

The standard samples had mostly remained in Oppan, Building
Op. 567, where they were partly destroyed in the air raid in DPecember,
1844, The others were stored in the basement of building Op.567. A
few samples were stored in the Lenard Institute in Heldelberg.
Infrared absorption recorders are in place in various parts of the
Oppau and Ludwigshafen plants.
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