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1"r'imé 1. . ! ‘?
Ny . - SECTION I
' Motallgesellschaft Lurgi, Frenkfurt
ITEE 1: - - : . Frame-Nea.

~ Report from. Lurgi qﬁ a gqsifioqtion test with Concordia I1l
lean cosl for the Lurgi‘pressure gesification process, opernting
- at 20‘atm, pressure. v o : : o

The éoallsize was 5=10 mm end had properties 4s follows:

H,0 . 2.,66%

Ash o 4,05% ~
‘.Grnsshheéfing value 8042 Cal/Kg
.Net ‘heating value : 7774 Cu1/Kg

The gasification was cnnducted with 5d§’contﬁihihg.84%.
oxygens The purified ges conteined COz 1.5/, CO 21%, Hy 56%, CHy
18.6%. o ‘

Report of test on Wiesche lean coal regerding suitebility I3
" for us® in the Lurgi pressure gasificntion process. e '
b} o

Coal analysis

_Size. D 3210 mm
Fixed © . - - 8l.24%
Volatile matter 7,165 -
" ash I . 5.04%

-

Yoisture T 6456%
The gasification was conducted with ges containing 84 ,7%
oxygen. 4nalysis is givemr for the gas produced at 10, 15 end 21
atm. and extrapolated valuns for 30 atm. COp romains practically’
¢onstant at sbout 27%; CO increases with Increese in pressure from
17,5 to 22.2%; Hy decreases -from 43,8 tn 33.3; CH, incrcases Irom
9:15%.to 13.9% and the ratio Hp/CO decregses frem 2.49 to. 1.5

- _ The. test was successful;- the ash was fine=graired and not
‘gintered; the yield f gas wes favorable: 1690 Nm® purified gas per
ton of coal with an’ oxygen consumption of 198 Nqa.‘ Stesm consumptirn
wes 1.4 Kg per-Nm> of purified gas. These figures ar3d higher than
with brown coal, prrbably due pqrtlj tn the lrw volatile content and
“the somewhet low reactivity of the cosl. .



‘ v Grapﬁs-‘ré‘givén fnf-téhperature,.%“CO and. Ha in the crack.
gas ond purified gns, ahd net henting value. : :

ITEN 3:  Repert of test on Upper sileSiQHQODQi (bituminous coel) to I 11
detormine whether the coal is suitable for the Lurgi pressure gasi-
fication process and whether a synthesis gas of a CO/Hp ratio of 1:2

can be mede directly.

anolysis of coal:

3«10 ‘mni

Size
ash S 644%.....
Fixed €\ 54,1

" Meisture . Te2%
Volatile matter ~ - 52,35

_ The generator was nperated ot a pressure of 5 atm. with a
mixture of oxygen and steam. The ornsumption of 83.2% oxygen wag
0.186 Lm® and 465° C. steam consurption was 0.975 Kg. per Nm? of
purified gns. ‘ . -

Datn on purified gas: . »:‘i,

0, : 1.0
co e 30.3%
He S G0
CHy - . o 5u5E

Gross heating value - 3370 K Cnl/iin®
‘Efficiency (gos and tor) 8% ‘

 The figures show thet thé gosl is very useable for the
praduction of-synthesis gns ond that a ratin of CO/Hg of 1:2 can be
obteined. The economic aspects are gnnd, becsuse the mining orsts
for Upper Silesian cral are low end o high grade, 1low temperoture
tar “is obteined as by-produst. e v

Hendwritten sheet in English: Tho bituminrus coal described

onntained 32.3% volatile matter. It wes used to produce synthesis
ges, ond an oxygen pressure of ~nly § atme wes used in c¢nnsequence.
It might be possible to use the process, fluxing the ash fron bitumi-
“ “nous coals by intreducing the stesm for the methane process above the
introduetinn of the oxygon, which would be supplied with only part of .
the stesm. Steam/Op retio in the §-atms process is much higher then
in nermal operatisn, the methene centent being reduced to 5%
approximately. . : ' : ' o

mEmes s | -
assembly-of preséure generater, twr drnwingé; : I17

S e2-



- SECTTON II -
" BAG 14814

Thyssen Galoosy Slagging Gss Producer

' . " Report by ThyssenschewGas'&~WhSSer Werke describing the - 111
process (in English): . . L ' BN

<Thémﬁbplidﬁtiﬁn of ‘an-oxygen instead of an air-blast for
the gasification of snlid fuel has become ecrnomicnlly interesting
since the Linde-Frankl prrcess has made possible chesp oxygen product-
ich wheti Iarge quantities are required. Lignite has already been
.gasified on a large scala with oxygen in Winkler gas prnducers.
.Technicsal difficulties,‘especially»insuffioient'durability.of re=
fractory materials at the high temperetures attdained, have prevented
until. now similer large plants for non=ceking bituminous conl.

The Te=Ge proceséun4ércbmes this difficulty by conducting
. the combustion with oxygen in two steps, either of which can be
easily contrnlled.  Im the first step 2 mixture of oxygen and stean
_is blewn intn an entrince-chamber of the preducer where s quantity -
of any combustible matter is ignited se that the resulting gos
‘mixture i5-heated up tn the temperature at which steam and ‘carbon .
dirxide sre able to resct rapidly with hot carbon. In the second
“step this hot mixture is admitted o the sclid fuel in the shaft nf
‘the producer with such @ comtent of superflucus oxygen, that the
heat preduced by the cimbustirn of carbon tn carbon monoxide exactly
supplies the demsnd of hest for the decompesition of steam and oarbon
dicxide, the smelting of slack, and, if desired, the reduction of nres
" Any excess of temperature, which cculd destroy the refractory shaft
lining, is however navoided. . A

The 'industrial producer is similar to a blast-furnace.. The
lrwer port has several burnors, each having-an entrance-chamber for
tho) abnve-mentioned primery combustion. Preferably auxilisry-gas is
ignited Therein. If no cheap gas or other combustible materinl is

- ayailable for this purpnse, a part o the prrduced gas is used. By~
such means no surplus .of fuel is cehsured because the products of .
crmbustion are reduced in the sccond step to carbon-monoxide ond

"hydrngen, consuming thereby exactly the hest gained by tho crmbustion
in the first step. - . ’

L - After having studied the prncess for seversl yesrs in 2
semi-industrial prrducer; -corsuming 2 tons of bitumincus eral deily,
a producer of industriel scele with crmplete testing facilities was
erected during the wor. This plant used surplus oxygen from-a syn-
thetic eammonia plant and preduced gas for hydrrcarbon synthesis., an.
existing shaft-furnsce, 12 m. high, 28m®, vnlume ond with .en internal. .
" diameter of 1.35 m. 9t the burners, was sdapted tn test the system.



With the meximum svailable-quantity-of- 29,800 Nm®, of 85.5% oxygen
or 20,300 Nn®, of .pure qxygen » dsy, the producer consumed 47 tns.

_of metallurgieal coke, thus preducing 105,400 Nm3. of ges nf 2,600
keal heating value, that is, 274 x 10° keal/day. A three dey test

at the above oonsumption, using only 4 of the 5 instelled burnefs,
dpmnnstrqted thet the meximum output wes not reached with the svail-
‘able quantity of nxygen. The producer was in setisfectory operstien
for several meonths in spite of mny war-time interruptions. The
producer itsélf hds never been demaged and can start operatirn if the’
synthetic ammonin plant is-able tEWSuppgg"nxygen. '

v

Tochnicnl advantages.
Continuous working, simple érnstructien, no cheange of valves
during the run, no mechanical device or operation except charging fuel
‘and topping of slag (end iren, if desired). applicetion of approved
‘procedure and methods of gas-preducers and blast-furddces greatly ins
cressed output in comparison with ¢xisting plonts, highest ‘thermal
efficiency ~mn accrunt of :low nitrogen content, totsl gesifidetirn withe
out =ny loss of combustible in the slag. Recovery of by-products of
the low-tempersture-distillatirn type. Immediate adnptability of the

* output to the consumption. .Frem-celd start te full run in 12 hours.

/

Eoonomical advantages..

Utilizatirn of neerly ﬁil‘qvqulee and chesper combustibles -
. frr tntal gesificntion instead of classified cnke or prrducer-ceals
Thus, onal with n high ash content or not ‘suitable for cnke-production
may be used. -If required, ashes may be mixed with the cnel teo prevent
enking in the sheft. Cheaper gns Por industriel heating end synthetic
prncesses. Preductirn of lerge qunntitigs'pf‘low&tempernture tar as

" by-product. o e o

spplications

Production of larze quantities of gas, from 100,000 to

1,000,000 Nn®/day in 4 single unit, with a 1w content of carbon
dinxide and nitrngen, snd consequently of high crmbustirn tempernture .
with a calerific vhlue of 2,700 to 3,100 koal/Nm® depending on the
- gombustible gnsified. Especially suitable.for 1, Heating-gns for.
industrial plants. 2. Gas for synthesis. of hydrocarbons, securing
‘mearly the therretical amount of liquid prrducts,. - since the waste -
gas of the synthesis is paer in nitrrgen, it cen be returned almest ;
. totolly as suxiliary gas. tn the burners. Methene and nther” undesireble-
hydraocarbons thereby becornc regenerated tr zas for the synthesis.-

3. Gas for hydrogenatinn processes, the conversion of cerbon monoxide
with steam to hydrogen and cerbon dirxide being perfrrmed in the upper
part of the shaft. 4. Gas for the supply of trwns dnd industries,
¢ither indirectly by hesting coke-ovens, setting froe sn equivalent —
quantity of distillation gns, or directly by &nrnverting psrt of the
produced gas te methane for enriching the ealorific value. 5. In
blast=furnaces. for the reduction of ircn ore. The process decrenses
the costs of plant and nporation. air heaters are nnt necded, since
_preheating takes place. in the entrenbe-chambers -of the burners; smalldr
furnaces .and blowers sre required en sccount of léw nitrogen contont. -

L3

- 4r—~



ITEM 2:. ,
' Operating report of thevThyssep-Gqucs& Pfgducér ‘ 1156

. Enur'fﬁns were made but the results are not very signifi-
- cant because every run was interrupted either by attack from allied
planes or bocause of a shutdewn 'in'a plgnt‘supplying oxygen, eto.

P The results showed, however, that the arrangement of the
burners shruld be changed and that the termperature of the slag shruld-
be kept higher than in blast-furnace operntirne Tuyeres were arrenged
in » mamer similar to @ blast furnace, and the tomperatures cnuld be
kept ornstent nt the tuyeres, between 1400 and 2000°C. as desired..

_The slag ran off snnothly. up

Sene results:s

Oxygas: 00 2.8%  Net hoating velue 2735 Kool/im®
. CO 70.4% .  Steam decrmpnsitirn ' 90%
_ lip -23.1% Total Gas Cal-rific Value ’
A Fuel Calerific Value = 089+2

CH 0425

Oxygen used was 90% purity.

_Consumption per 1 N Oxygass

Oxygen (100% purity).  +29 N
Stean ) 21 Kg
Coke (6865 K Cal/kg)  +46 Xg

_ Plan of\site‘of Generétor -4 prints. Plans of generntbr‘ 118
with arrangement of burners and ¢orling boxes. oo

: ' . 3 / . ,
Estimtion of cost for } gemerntor of 12060 n®/hour gas 1T 12
__output, including buildings but excluding railvey siding, pipe lines
outside, zasrmeter and ennling tover, giving « total of €75,000 RM.

»

SECTION III

BsG 19284

— e

Materig}_gggprp. $nchssg's Office

—— - - e e v

_mkgdwigsthen-Oppau

Index te Section III R ¥ b

Production of synthesis gns and acetylene bylpqrtial
combustion of methene rnd other prncegses.

s



Ira 1.
\ ' Report in which Dr. Sechsse criticizes an offer of Linde ~ III 3
for a two-chamber generstor process for synthesis gas. Linde's data

are considered to be an optimistic estimate and to be inaccurate.

_I_I.’EQT?_ Calculbtions for the Ferhgas (gos obtained from adistant III 8
place) splitting plant N Oppaw .~ - o

: Hest calculations for cooling and heesting with flow sheet,
indicating the temperatures of 2 cooling=-evaporating system N31565-16
and # flow sheet N3156-16 stating volumes and percentages of 7000 n®/h
of gos for Saar, gas splitting plant N Oppau 631 through the CHy end CO
converters to the high pressure apparatus. '

TEM 3:  Deta ilgémg_q_st estimate ,for new Oppau pl'ant - ‘ 111 18

, Pequest for appropristion of 1,900,000 RM. to énlarge‘a ‘
plant for the productirn of synthesis gas and mcetylene from nethane
and oxygen. 8 sheets give itemized cost estimatess :

DELS 4 & 5: Request of Saar Ferngss Co, for price incresse . IIT 27
' Detailed eriticism with cost 6alculation for converting oo

14,000 m® Ferigas to 26,580 ma‘ split gas (54% Hp, 20% CO, 1.9% COp)
to converter gas (60 Hgp, 3.5% CO, 16% €0z ) equivalent to 19,400
md:Hy + CO using oxygen, steem ard catalyst. Total 7.27 RH/lOOO

s : p.oxygen, St . ,

m" Hg + COs . : o

IR 6:  Supplememt Bo 4 T - | IIT 34
ITEM T7: _F_‘_i’._f';s_t:__pfpggqf_';gn \qf new Oppau plant , O IIT35

 The value of the synthesis off gas (CO 24.6%, Hp 45.7%) ‘
is taken equal to the value of the waste gas from the butyl plent
(CO 39425, Hp 35.2%) with which it is mixed. -

ITEM 8 Calculation for enlarging_ni;he.coke oven ‘ga‘sv splitting I‘II_SGI‘
plant in Linz (N plant) . - L .

Caloulntions of hest of resctinn, hest balances end cooling
“of gas in hent exchangers. Graph for heat beslance of water in =
" cooling-moistening cycle. Flow sheet for converting 7000 m® coke -
oven gas + 3770 m® air + 441 w® 0y in CH, end CO converters to 16,200
m® split gas containing 10350 m® CO -+ Hp (with gns analyses). '

I8 9t Caloulations for o coks oven gas splitting plant K Oppsu  III 85
- » Calculation of operating expenseé_ for a plant for converting. . "
7000 ma/h coke coven gas in one units No figures, for "labor sre

inolwdeds T 0o
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ITEN 10: Report on Hygas 8?1%@f}?ﬁ_ﬁ}:&?;§9§}E§}2§:§?§£§E‘ ; . 111 U5 -

o Discussion of Brabsg with I G. concerning acquisition of
the pas splitting plent Schlesien Benzin which was started but will
not be finished. I. G. gives date on cost and possible use of the
plant for Brabag, where 8000-10000 n®/h of Hy waste gas of the’
following composition is available: : -

e, - : 314

Clis . 19

o T 2%

Callg 2.5

CHyo 0.25%

CeHaz 0.,08%

Hy - 385

Nzk < . 5% Lz
Net heating valus '§§§4 KLCQI/hp

Organic sulfur (as COS) 50 mg/m®

H,S X None
P N R s
Gss at 5 atmi pressure \

O ITEE 11: Comparisén of ;gﬁposition'nnd cost of gases from various III 69
sources. ‘ o ‘

Shown in table form. ‘ L ' o o o

ITEN 12: : Comparison of Koppérs-and I.G..RBhrenbfenﬁ(tube oven). pro- IIIJ7O
. E.G.SS h:ﬁy, 194‘1, (D.R.P. 5700?6) .

P e e e e C——— e o ———" s o ————

- Letter of I.G. to Drabag siving - ompafaﬁiﬁé figures for
_cost and operation of a Hy-gas split gas ant, in which it is shown .

that the I.G. process is by far better and cheaper than the Koppers

process. R ' o

ITEK 13: Calculstions for coke oven g48 splitting plant N‘Héydqﬁrfgg IIT 79 .

o ,Calculations seme as in Item 8.

4

ITEY 14: Supplementqri_ﬂaterié} to Ttem 12, September 1941 - ‘ : III;SO

Lo The Koppers Company has reduced the cost for the plant
which is now prectically the same as Tor the 1.G. RBhrenprocess. In
‘addition the Koppers Company offers to pusrantee every item in their
proposal and to make »ll repairs for 25% of the cost of the plent (es

-. estimated in their offer) for ten years. I.G. assumes Koppers makés

these favorable conditions to get the business and' to collect data

and experience on their process in operation. ' ,



Efgy'lgs .Supplementary Material to Itﬁﬁ.lg IIT 92

A SN -
_ » Letter I.G. to Brabag of October, 1941, indicating that
the 5% cost for repairs in the offer includes everything, but I.G.
refuses to give guarantees. : ' '

ITEM 16:_'Supplementnry Material to Item 12, October, 1941 . “UUIIT 93
- » ; S 2 R S e AR ,

L Calculatiqn of cost of operation for the T.G. process.
Labor given as 5 man hours for proqessingwlooo m? gas.

EEN_}_‘_?_ _._Slzppleme.r_lfgry Material to Item 7 - : ' III 95

o ‘”Data‘are»giveh for the.value of-the butyl weste ges used
in the Oppau plant from September, 1940 to September, 1941, an .
average of 12 million m’/quarter wes processed. , .

16: ‘Heat balence of 1.6, EBhrenofen process II1 97

 Caleulated from operations on two different days in PBlitz.
Comparison is made between the~efficiency of splitting of 79.7j with
the'gasification efficiency of a watergas generstor with steam S
production of meximum &7/ efficlency. o D :

ITEY, 19:° Calculation of hest halances for the methane splitfing plant III 103
7T in K plent - Heydelreok e |

. Heat balance calculations for converter, heat exchanger snd
cooler are given.\=ﬁandwritﬁén'ﬁate,inﬁﬁngliéh: Salculation relsting
‘%o producticn of CO and Hp according to 2CH4 + Og ——30 200 + 4Hg in the .
_presence of steam ineluding calculated hest belances for two systems. o
The calculstions suggest that the CO + Hg0 reaction takes place to ,
. some-extent as the celculated product is 00, 7%, CO 23.83%, Hp €975, CHgO0.2%.
N » - ,
I74Y 20: Comperison of n¥hreonofen and Partisl Combustion Frocess for

"7 Productinn of hydrogen from netural gas. ‘ 111 114

Compqriéon of the I.G. R3hren process (Schiller) with the
Sachsse process for conversion of RBentheim natural gas st Huels.
available sre 150,000 to 200,000 Nm3/dey natural gas of the following
composition: T ’ :

v

0y - <08 CH, AT

4
,C0 .28 Cofe . 0.%55
Hy | 4463 0o, * figS 200 mg/lin®  (77)

1. Rohrenprocess (schiller)

' ne methane is freed from HpS end orgqnio suifur, pres
heated 'in a récuperstor and led into the so-called RBhrenofen
in which the conversion CL, + Hp0 -— CO + ZHp takes place.
The-ootitict (catalyst) of the oven is marked BZZ04ls It



consists of ‘20% nickel on alumins cenent and is in NCT,
tubes, which are heated from outsides During operation
the temperoture of . the catalyst is 750°C, the temperwture
of the walls of the tubes is 900°, The split gases
lesving the oven have approximately the following composition:

COp K7 T
co LA A
CHp o TER AT h

- -~ The gases are led through 2 reouperstor in which they
prehest the gases going to the oven and then are led to the
€O conversion. IThe flue geses from the RBhren oven go to 2
waste heat boider in which steam of 20 atm. is produced. The
waste heat from the CO converter mey be used to preheat the
Rihren oven fuel gos. The hydrogen coming from the CO
converter has the.following composition: :

cuy L N 0 2
o g (mina L) . Ha, 9%

One RBhren oven contains 66 1CTa tubes and. has- an out=""
put of 15000 m’/h split ges. Calculated for natursl gas,
the  incresse in volume during methane conversion-is 3.7 times .
. tho -entering gas or c=lculsted for-methane 3.9 times. Each
unit may be operated, therefore, with 4000 m?/h ‘methane. The
requirement on fuel gas for heating the ovens is 1050 heat .
units/m® CO_+.ip and 4.5 tons/h of 20 atm. steam are produced
-in the waste heat boiler. For the methane conversion there
"is used 1.72 Kg stesm/m’ methane. :

It is poséiblé tg;pfodugel;n_thenghren oven a:CO-Hz
mixture suiteble for methanol synthesis, by adding some COp
to the gases entering the oven. T
The investment for 3 Rhren ovens, fuel gas pfoduction
~and CO conversion amounts to 4.8 mill. R.I. . :

" Instend of NCT. tubes, CHT tubes may be uéed.‘
2. Sachso Process | \
‘Methane is converted to & CO + Ly mixture by partial

_combustion with oxygens - Tha lergest type of oven, operated

with coke oven gas, has a cepacity of 15000 m® CO + Iy
‘mixture per hour. The volume incresses threefold, and the

unit may be operated with 5000 n®/h methane. & meximum of

1 mg(?) sulfur/m® of entering gases is permissible. There=

fore the gns after passing the alkacid purification must be
; : :



Ve

purlfled further. Two + one units ere necessery, end the
gas leaving the ovens. has the following com9031tlon.

€04 Cs%
w2

co 26,0

He . 8808 ’
CHy . 0.2 ~.3%

-The hlghest tempernture in the partlnl combustion
.zone! is 1200°C, after. the combustlon zéne, a catalyst
(magnesite) is contacted to obtain practically total con-
version of methane. In order to activate the oatqust, 1
ng. nlclfel/ma is added to the gas entering the oven. The --
temperature of the gas leaving the oven is 700°C.

Methane and oxygen are preheﬁted‘separately in heat -
exchangers with Sichromal tubes through which pass the exit
geses from the oven. The preheatoed gases pass through the
combustion oven and the contect and are then freed from soot -
in the so-called Sachsse filter. The gqoes then pass to a
CO converter. In s pilot plant 2000 m® methene/h have been
converted by this process. The investment for three.ovens
with ° CO conversion unit and "Linde" plant for maklng
5000 m® 0p/h would be 4.2 million R.M.

A table is shown comparing both processes regarding
-amounts of raw materlals, fuel gas, stean and 1nvestment :
costs, .

E?E} 21: Patent on partisl combustion process for,qmmoniq synthesis' III 119
£as. - ~ -

0.Z. 14396 September: .18, +1948 , I.:G. Farbeninausﬁfie

— Process for the production ;} a gas for the ammonias symtlesis *
by splitting the off-gas from the Fischer-Tropsch process with steam =
nnd /or .oxygen or oxygen containing gases, qnd und er certeln circum-
stqnces garbon dioxide. - - v .

ITE 22: Patent on acetylene production by partial combustion 111 128

0.2, 12010 February 12, 1940 ‘ I;G. I'arbenindustrie

4 device for prouu01nb acetylene by partial cnrbu tion of
"hydrocerbons with oxygen in 2 fleme reaction, characterized Ly using
a practically empty reaction chenber in which the dimension ‘in the-
" direction of flow does not-exceed 200 ym., this being the largest
dimension. A parallel ‘tube distributor precedes the reqctlon chamber
and a water quench is used at the -exit.

- 10 -



I?EL.2§- Cost estimate for Droductlon of 705 acetylene and synthesis IIT 134
gas by partlal combustlon

‘ This cost estimate is based on convertlng hydrocarbons to .
ncetylene (9.37) by the oxygen process, followed by concentration of
the acetylene by washing with weter under prescure. There ‘is obteined
" gcetylene of 70% concentration, the remainder being carbon d10x1de.

1. Calculstion Por processing 3070 m?/h CzHe and produclng
1000 mJ split gas oontelnlng 943% acetylene (low pressure)

" Fuel gas 4.5 mlllloﬂ heat units
PWH 120

= Labor ‘5 men -
Tater ‘ 160 md -

2. Calculation for concentrsting acetylene including com-’
pression to. SOﬁgt. Incomlnr gas 10000 m® split gas. -

T E T ees0
Wa};er 300 m? *
Labor = © % men
ITEY 24: Eow to operate the scotyleno burmer 1 B < 1

%

1, Detniled instructions on how to operate the acetylene
burner-v (October 1, 1042)

. 2. Detalled instructions on how to operate the acetone
oven. (October 1, 1942)

3. DrQW1ngs
a. Burning chew)er of spllttnng oven.

be ncetjlene burnel.'
¢. Determinstion of {lame veloclty by the Bunsen
method. . ',

s de arrangement i'or determ1natlon of flame velocities
© of motor fuels:

—— the flame front.;

P :
£+ Fleme velocities of’ propane-oxygei mixtures at
different temperatures.. -

ge Tlame velocity of methane with 37% oxygen ot
- varisble temperntures.

he Lrleme velocity with change of air number.

i. Flame veloclty with chenge ofvtemperoture of flame.



“ko Velocity ol extinguishing as » function of
diameter of burner tube, e

1, Dlstance of base of flame from burner tube.
" Methane and ethene. :

m, Same for propane.

. Veloclty oi" extlngulshlng for aYrerent forms
~of nozzles.

o. Schematic representqtlon of the concentratlon

".and velocity at the outlet of the 598 Jet.

- P Distance of base .of flame from-the tlp of thé“f”'
burner as a function of throughput.

ITEN 25: Eiper on Burning Vé}ppity'fgﬁgy:;§gggfﬁg h III1 196

A. Processes in which the Flane Velocity is Important

1. The Opbau-oxygen Process fbr'broducing synthesis gas.

This process-concerns thg conversion of hydro-
carbon containing gases, suph as coke oven gas, with.
oxygen to a mixture of C and H, according to the
.equation: \“”Hm = '

S

CH4 + 1/2 02 = CO + 2}12

This equﬁtlon is only = generql equatlon for the
total conversion. #actually, two steps ere involved.
The coke oven gas, pre-heated to €00°C, is rescted
with oxygen or air-oxygen mixtures. Part ‘of  the
hydrocarbons is. converted, and the temperature of the
gas mixturd increases to 1300°C. These gases are led
over a nickel-magnesia cstalyst on which the- remaining
hydrocarbons are converted to CO end Hy with con= .

. sumption of heat. The tempereoture falls to about
'950°C, The latest oven has a burning chamber attached
to the side and =a tengentlal ~inlet for gas. This ,///
oven is used in seversl installations, snd®at the //?%7”
. present time 13 units with o total ges prodqu;on “of —
more than 200,000 cubic meters per hour are~in operation
in Vialdenburg, Llnz, bydebreck, and Uppau. :

The Oxygen is introduced centrally to the burn‘nr
chamber in the saeme dlrectlon as the gas, but floWln“
with a greater velocity. The object is to have as
uniform and. complete a.corburtiort as possible in the
‘burning chamber. In order to improve mixing, the

. oxygen stresm-is-given s vigorous spin by 1nsert1ng
guiding plates into the nozzles. In this way mixing
is obtained after {raveling 1- -1/2 diameters of the
outer burning tube. This smounts to 100 centimeters.

- This mixing, however, can te corried too far in which -

case the flnme pulls off and extlnbulshes becsuse 8

3
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2.

great deflclency of oxyzen 1is emploved. Only a
small part of the gases should bte burned and,
therefore, the flame veloclty is less’ tban in
complete combustion. If mixing is too extensive

the regions of high oxygen content, and thereby

high fleame velocities, are. ellmlnnted.' Such
conditions are always present when u$ing an air
number which is much different from lambda=l.-

"This is, for instance, the, case with rotary furnaces
‘ whlch hnve an excess of air or flué gas.

or-» buruer tube of 700 mm, dlameter, 9 throuuh-
put of approximstely 23,000 cubic. meters per hour -is
used ot o velocity of 85 meters pér second. furnace
engineers predicted such an oven would. be unatle to
withstand this load but up to the present.no diffi-
‘culties have Leen experienced probably" because the
gases are clean and free of. dust. - hnd

The Acetylene Prgggig

In the proéess described above the. flame velocity
was important, tut in the acetylene process the {lame

o -v91001ty is of decisive influence; in face, so d601s1ve,

thnt 1t is one of the claims of the patent.

The energy consumption is of great importence in
acetylene production snd, therefore, attempts were
made to conduct the reaction in such a wey that the
heat produced by burning pert of the methene converted"
the remaining methane to acetylene. The following
equations describe the resction: e

| 1. ZCH4 = CgHp + 3Hp - 0l K cal
.2. Ch4 + 1/2 02 = (‘0 e on + 112 + (‘5 K. Cﬂl

The time iz oo the order of .Ol of q second, and

‘the temperatures lie between 1400 and 1600°C. &t
« lower temperstures no scetylene is formed, and et

higher temperaiures it decomposes very rapidly.into

_hydrogen and csarbon black. Nethene and oxygdn are

pre-heated separately to the ignition temperature -
which lies between 400G and €00°C and then-led into
the mixing chamber. here the gases are mixed-to: ohtain

" & mixture of, for instance, €3j."methane and 377%

oxygen at 500°C. This mixture is within~ ‘the  ignition
limits and could remct, but it does not react because
it .does not stey in the mixing chember long enough and
there is no motive for 1gn1t10n.. This gas mixture
flows through eanals into the burning chamber and burns
stationsry after ignition. The .mixture hes 2 certain
flame velocity, corresponding to its composition and
temperature. The dimensions. of the oven are such.that .

- 13 -



the gas velocltv in the feeding onnqls is greater
“then the fleme velocity, and the gas velocity in
the burning chamber is smiller then the flame
velocity. At the spot at which the gas lesves the
feeding canals and the flame burns, it elways pro-
gresses against the gas stream but connot enter the

, feeding”canals ‘because .the gas velocity is too great.i
'The gas is .cooled suddenly when leaving the: buraing
chamber by spraying with water. It is- thereby possible
" torkebp very exact-reaction conditions with suitable
dimensions and loads of the burners, and the yield
of acetylene from methane is almost quantitative. The.
part of methane which is converted into carbon monoxide
and hydrogen according to reaction 2, amounts to’
approximstely one-third of the total methane. The
process, therefore, is @ combined procedure for the
similteneous production of acetylene snd synthesis
gas. The production of synthesis gas from methane
is ipteresting.as such ond, therefore, it is possible
to produce acetylene especially advantageously where.
synthgsis gas is required. The process is technically
carried out in Oppau. One burner processes 1000 m®
per Lour,-and  plent for large output is under con=-
struction in Eydebreck. = :

B. Genersl Investlgntlons of i'lame Veloc1tles

1. Flame Velocltj in: llxtures

rlame velocltles as a function of reaction
velocity of combustion, trensfer of energy to the
fresh gas, and final temperature of the flame are
discussed,

2, blames of not Pre-mlxed Gases

) Flame velocltles when gas mixing end combustlon
’ occur together sre dlScuSSed.

JITEM 252 Calculetions on production of acetylene and acetone. . I1I 205

(a) Caloulqtlon for conversion of 4140 m’ /h methane to
670 kg acetone.

- (b) CaICulqtlon of heat balence of acetylene burner, in
acetone oven and for catalyst regenerations.
kxtensive calculatlons of heat bqlnnces are glven.

TTEK 26: Sho;t Nemp on Productlon of - Acetvlene ‘and Acetone. _ III 216

Tﬁe Inoomplete Combustlon of Methane with Oxygen. '

Nethane aﬁ oxygen are; pre-heated separately, mixed. qnd sub=-
jected to a fl ame reactior. In the flame, which has s tenpereture of
1300-1400°, part of the methene burns according to CH, + Qp = CO “+Hy +
H0 + 65 koal Whlle another pért is converted by enaothermlc reaction to

-14-., g



/ acetylene.
20H4 = Czhe + 31’[2 - 91 Kcal

From 100 m’CH4 and 57 m’Oz, about 1“0 m® of gas is produced
containing 8-95 Cplip, 3-4% COp, 24-25% CO, 55-58{ Hp and 4T/ CHy. .
The time of contact with the flame is of the megnitude of .0l second.
after passing the flame, water is sprayed into the ges stresm to
suppress further decomposition of acetylene. Split gas of the above~
. mentioned snalysis leaves the burner saturated with steam at approxlmately
85°C, — :

1

'Acetone from Acetylene

Split gas, while still hot, is freed from carbon black and
after passing & heat exchenger, is converted to ncetone at 400° with
e zin¢ oxide catalyst.

2CoH, + 3Hg0 = CH.COCH, +’c05 + ZHy + 80 Keal.

For chemical reasons the reection needs a very-large excess of stean.
(CoHy b0 H0 = 1:10) ond it is conducted on a dilute gas in order to
“better control the. heat of.re ection. The Spllt gas retains 0.2- .4
-ncetjlene.

The gas cotitaining the acetone is washed with~&qter; to
obtain a 2; acetone solutlon Nhlc} oAn be concentrated by distillation
to pure acetone. -

In the r¢s1dual .as, the 4-T5 res1duel metiiane is converted
by conbustlon, :

GE, + 1/2 0p = CC + 2Hy

to yieldlq synthesis gas which is 'fres of nitrogen snd sulfur.

N

Brocedure f'or Concentrated Fure hcetylene

S~

Experiments to oltein uoncentrate pure acetylene by quhlng

of the split ;ases w1th an organic solvent (outvrolactone) have heen
mede.

ITEN 27: Report on Production of acetone - .;.; o IIT 217

A survey concerning the various methods of acetone production.

(n) Uood.distillation; (b) rermentstion; (c) Propylene
hydration snd dehydrogenation; (d) acetylene hydration
followed by oxidation to.agetic acid.and then conversion
to scetone. Discussion of the use of Zn0 in a single stage,
process. - - =
}F@JL&E- Short Yemo on Development of Dlacetylene Chemistry at huels, 111 227
Aprll 29, 1943.an‘hi‘ i L
In the productioﬁfof acetyléne Ly thé,ﬂrc process in Blils,
considersble amounts of dincetylene, vin-lacetvlene, methyl and

.
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phenylacetylene accumulqteAas by=-products. The separation and use of
these higher acetylenes are discussed. : ' ,

ITEN 29: Memo on Addition of alcohol to Dimcetylemnes - IIT 229
" Yethanol containing alkali (1%) was diluted with about
twice the amount of dioxane and reacted with diacetylene or the mixture
of discetylene and methanol aF,Tsfc. Methoxy vinylacetylene, b.p.
, (760) 11¢-120° C was formed. U -
‘ ~ If the concentration of alkeli and the tembernﬁﬁ¥e are r;ised,
2 moles of sloohol can be added, The addition takes place in 1-4¢
position and gives butynacetals of the type formuls CHaC = C = CH(OR)z.

These butynals add a further nmolecule. of alcohol to the triple
bond and give alcoxycrotpnaldehydenqetels, in which. the alcoxy group .
is in B position: ORI S
Clig - C = CLCH(OR )y e

OR
_ ITEM 30: Patent application op Solvents for Acetylene. | I1I 231
0.Z. 14333 . July 22, 1943 <", I.G. Farbenindustrie

Tt was found thet lactones, especially y=-butyrolactoney
have good solvent action for acetylens. .The lactones are superior to
‘acetope because they have a high boiling point (e.g. butyrolactone
boils et 204° and solidifies st ~40°) and ‘much purer acetylene can be
obtained from solutions bacsuse only small amounts of solvent escapes
with the acetylene. o '

- Due to their high“boiling point and g ood §plvent_powerLJ
—lactones may be used for washing out acetylene from ges mixtures,
such ss gases from*treatment of snturapéd“hydrocerbons in the electric
Arc. C R - ' : g

ITEN 31: gpy faéﬁgfffpg'the_fgptylene and gngqq~mopg;idgﬁchemist;y. IIT 234
 Legture Dr, Repre, Juno, 1942

L Dr}”Reppe.gave 2 review on his. extensive research work on

resctions with scet$lene or carbon monoxzide, which he carried out in

Ludwigshafen during the last years, showing meny formulas and samples. .-

(a) . hcetylene chemistry

Starting point of the work wﬁs the problem of introduction
of -the vinyl group in suitable orgenic compounds, €ege, the -
synthesis of vinyl ethers-according to o &

' ROH + CH = CH -—» ROCL = CHp = -—
, L . . '
The reaction between acetyléne»and,anmonia dges not give the
vinylamine as. expected, but 2 methyl § ethylpyridine. Dy -
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suitable oxidation, this can be converted to nicotinic

‘acidy. which mey be used for synthesis in the nicotinic

soid series. The second groun of resctions comprises

the introduction of the CH:D group into orgenic compounds.

It is’ applicsble to many classes ‘of crmpounds with reactive
hydrogen end opened the way-for the synthesis of éountless

new compounds. Farthest adveanoed technically is the sction
of acetylene on aldehydes and ketones (alkynol synthesis).

It is used on a large sonle for the btutadiene synthesis by.
way of butyndiol, The alkynol synthesis permits the synthesis
of compllcnted compounds_ with several double or triple bonds,
e.g. v1nv1 acetylene by way of butyn 2-0l,

Ch,,ChOﬁwCH £ CH =—2 Ch,CHOHC = CH
‘ - - Butyn 2-01

—~¢) CHp ="CH - C = CH + Hg0

vinylacetylene
The thlrd group of ecetrlene ‘reactions concerns cyclo-octatetrqene.
This eight-membered ring with 4 double bonds. con be synthesized

catalytically by polymerization of qcetylene, and up to now it
was known only as a lsboretory curiosity. The study of cyclo-

- octatetraene. and its resctions has shown that its behavior is

not uniform and thet it cen resct sccording to svveral structural
formulae. ¢ '

(b) Carbon monoxide chemistry.

A systematic study of the re-ction of cerbon monoxide with

_unsaturated allphqtlc conpounds showed that probsbly cyclic

intermedintes sre formed and these sre split by weter, hydrogen,
aledhols, acids sand other compounds =nd are conv erted to the
respective scids, aldehydes, esters or anhydrides. The conditien
for the addition of carbon mrnoxide to acetylenes and ethylenes—is
the nresence of cerbonvls, e.g. nickel earbonyl. A special case
of this genqui reaction is the oxosynthesis of Kuhrthenie in
which aldehydbs are forred by the reacticn of Barbon. monoxide and
hvdrogen with olefins, and these s Idehydes sre then either re- '
deced with hydrngen to aliphatic alcohnls or OXIdlued w1th oxygen
to Qllphﬂtlc acids, . v

-~ ’—‘"—‘T" :

acrylic acid or nchIlc esters ey v be ,nrmed from acetylene

and the corresponding saturated compounds for ethylene. With

higher olefins and water, aliphatic ecids with one carbon more
are forred. The reactlons of c¢arbon ‘monoxide may be-epnlied-as

“well to derlvntlvns of furen. Intreduction of 2 moles carbon

nmonoxide and water cives adipic-acid in good yleld.

In connectlon with the catalysis of corbton monoxide reqct;onu,‘

-experiments were carried out with ¢srbonyl hydrojens, e.,.,lron

carbonyl hydrogen and-cobslt earbonyl hydrogen.

- 17 -



ITEMS 32-43: Op. 648 Drawings As Follows: II1 239

_hcetylene_prepsration
" hcetone synthesis :
.Acetone scrubber flow scheie”
 Acetone recovery flow scheme
#cetone scrubbers qnd recovery system
‘General flow:sheet : L o
Layout of -combustion stage (Nachbrenrer ) for synthesis

gas preparation S
Surrounding plants = building layout on site
‘Heat exchsnger - o . .
Photographs -. s e T

~ Linz Plant - #low sheet of NH syntheéis gas production
* Heydebreck plent- - Heat exchanger o

ITE 44: Material for-Butyl end ethanol Synthesis | III 256

_ . Comprehensive tests on:attack of 505 each Ii; and CO and 72%

Hy, + 28% CO on various steels at 200° snd 400-450°C. The attack is -
probably due, at least.in pert,.to carbonyl formation. ThHis could be
avoided by powder galvenizing of .the steesls. TUalvanizing wes ¢arried out
in the following way with a mixture of 1Gj zinc dust and 84% alumina.
Within 48 hours the temperature was raised to 200° and then kept at

this temperature for 10 hours. The tesperature wes then reised within
102 hours to 730° and kept there for 20 hours, cooling within'2-3 days.

: The temperature stsbility of the galvanized steel is good. The
outermost -layer consists of mixed crystals containing 92.75% Zn and
having » melting point of 730°C (melting pnint of pure zinc 426°C). The
next layer still has 83% zinc and apn even higher rmelting point of 7¢5°C.
5teel 15 was attacked by the gas, bué“bowder galvanized steel
 has given very setisfactory results-up to this times - A-tahle is included - ‘
showing results of the tests with N5, NS powder galvenized snd V2Ak. 'To ’
avoid corrosion, it:is recommended that oxygen be.reroved from the fresh
" gos or, better still, that pure methanol be-used. ¥ateriasls sheuld be  —
tested first as to whether they are 'stable to methanol, and only when
this test is good should mixtures be tested as te stability to CO + kg,

ITEY 45: Behavior of Vnriopﬁ-yﬁﬁggii}s Exposed to Synthesis Gas. 11T 267

& comprehensive report on hehavior of various steels, es-
pecially Sichromsl 854, V2Ak, KalMs, NCT5, Chronfer, N5a "inkromiert",:
¥8a "inkromiert", N9s "inkromiert", FF3OP, V17F, N10, N9, N8, N8h, end.N8V.
Nany metallographic tests and illustrations of microscopic sections are
given. o ' ”

Summary: No ettack wné found with VoAk, Sichromsl 854, HCT5
and I'F30. ' : " ’ -

VITF steel (175 Cr) sus’

B B 'slight CO attack and is said to
become .brittles S g : 4 ,
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, On'Nfsteels.q 1qyer_riéher in Cr is formed, buﬁ no dnnmge_to
lower layers resulted. ' : : R
’ P .

‘Perfect vapor gQIVanizing of N steels was successful in tests.

ITEE 46: Damage to Heat Exchengers - . III 275

e,

" “an-extensive survey (22 pages) on damage to air or gas -

hent exchangers made from seapless and welded tubes.

It is recommended: | L

v

1. Welding for connections should bé;évbiae&f“' -
2. Seanless tubes are to be pibierred.

3. Care should be taken in meking weld crnnections
to the headers. -heat treatment after welding -
should be corried out very carefully. ~

4. Yo objection is to be made against material of
increased scale resistence provided that the
sensitivity of the alloy used is not unduly in-
cressed. The use of steels with increased scale
resistance is not justified by experiments.

/

ITEY 47: Production of Kischkybel — hpril 14, 1944 ¢ IIT 301

Misckkybol is & mixture of 705 Y1702, 15 Diethylbenzene
and 15% isopropylbenzene. This mixture shows better supercherging
poerformence then C3II gasoline. Similar fevnrable rasults were
obtained with a mixture of 30% isopropylhenzere and 700 VI702.

The report discusses the amount to be produced from-éthylene
or.propylene and the location of the future plant. ; :

ITEN 48: Report on Ignition of Gss Kixtures by Grinding iheel Spqus. uiII 304

o an arrangement of en apparatus, which wes used to determine
_the explosibility of several gas mixtures by sperks, is discussed and
illustrated.

It was found that the gas mixtures have to be tested through-
out the explosive limits, for instance, with ethylene snd-chrbon
monoxide, ignition occurs st a rstio of gas to air which is below ‘the
ratio with the highest flame velocity. '

A sunmmfy of test with grinding wheel Spqus‘and electric qurks
is included. : ’ B s . .
' SECTION IV

_ DAG 1677h TARCET 30/4.10
: N . /\1 N . . . . . R B 9 . ~
ITkE 1: Coal Hydrogenation Plant, desseling w\\\ o Ivl
Operating Report ... s ’ .

‘any parts of thié report sre. dire tly trenslated in T.a.C. Keport
7G6C-2 (TO}=17). lany interesting illustretions end flow sheets are missing.
The following tables, which are not included in theé T.A.C. report show the

-steels used in this plent. .
\ . _19_




" 8608 .- 2°1 . - g°1T - 0°1 2° ¢ peaoaduy OWaD CrTowu. | oog
. 08 5 .2 s - . 1 - M . §*= 3° )4 G2
ge=08 . |O0%°=0g* }j09°-0s° - 1 9°=¢°T1| O¥%°-sg° 08°#09° | g2°=02° |  u TTO @ Je3BL}  AOMDT 4 82
'06-08 - - - o= 9*T-1°t | 9°T-1°1 |oOop°-g¢° - peaoadur TSWi - | SHPY L2
og-0L | s2° - - At Lt 2* posoaduy £5) ADEY 92
~ - 08=0; 1 = -joe~¥1* te - 12*T-0°T | og*-0%° 0,L°-08* | 0g*=-g2* |peaoadut o3BM OJIxD el 6z
Lo9=68 1 - - TG - 9" g*1-2°1 | 8z°-¢e* poso.xdur Clgm b omed  |.we
0.L=09 ~ T - = l1°1-6° 0g°-02° 08°-09* | 82°-g2° s IT® ® 1T0|~ D vy £z
0L=09 - = Jtt-e* | ov® xsu | o6°=09* |s82°-g2° | w 178 ¥ 110 ORID 2 | 22
8~04 - - - 1 2*'t | sg° poaoadwl . ©ISUR | SHIX 12
ggs0L |- 1 - 0°T ~ - - e peaocadwy ' {7 I0 - AOTH ! .02
.. 08-04 = L= - g*T=0°T | 08°~0g* | 0g°1-00°T | ¢g°~g2* |poacadut Je3ui aH | e
'g8-0./66-08 |06°-08° | g2°-g2* |0g°=02° | 0°¢rg e | gg’-ge’ 0% -02° |9z°=61° | w 1%t0 % ITV| Aojmdy| VOIN™ |' 81
"g8-04/96-08 " |88°-0L° | §¥°=Ge" | §¥°-Ge? | 0°¢=g°g | ¢Sg°-s2” o0%*~-0s* ! | 92°~6T1" w T¥0 R JTV|  AOWNID oN | L1
06=5.4/96-08 [8S°=5%* | 0£°-02° - g*g-0°¢ | $2°-82* | 09°-0%° | 92°-61° w 110 % JTV AORID 6N | 91
: 86=08 08°=-0%° | 09°-0%° - 0*g-g°*2 | ge°-ge° 09°-cv* | ¢z -81® w 110 % aTv AoTD | ASN g1
'38~04 gg°~gz* - - 0°e~5°z | sg*~d2* | o08°-09° |gz°-0z® | Pesoadut 110 LA D VeN - | ¥1
08-39 g1°~g0° | 09°~0%* | 09°-0%* | 0°¢~5°2 | Se°-g92° o¥°-0¢°* | 02°=g1° | peaoxdut 110 AOJUIAD 8N |—eI
§4~09 0z2*-01* } S¥°~gg’ - - g*g umw | gg*=-GZ* 0g*~og*® {o02°=g1* | pescadut ITY . ASHID o |.21g
g9-gg/09-08 |02°~0T°} . .~ - 0*¢-g*2 | sg°-g2* og*-og* |02°-g1* | peaocxdur Iy C A I oSN | TTw
09-08 - T 0°g-g°2 | §g°-se° 0g*-0g* |21 ¥ew | peosoxdwt a1y [ .. ID €8N
09~0§ __ }023°~0T". - - ‘0%¢~g*z | sg*-gz® | 09°-0%* | 21° xww | pesodur JTY A D VSN
09-0S - ‘0g*=02° - 0°g=g°2 | oOv°*-03° 05°-0g°* | 21*4¥eu | pesoadutr JTY ORID SN ..
LLmS8 - |ser-o0z° - 0°g-g"g | sg°-ge° 09°-0%" |0g°-0g° | Ppoaoxdut 1TO0 L ORID i
0908 - - - - - 0g* ¥em | G6°-g@° |82°-€2° | . w 0 S y
09-08 T - -  liog*-0g°® | og* xsu | -G6°-58° |82°~23° u Am_uOg h5(%4 m
ogros. - | = .| - - - cp*=02°® | 0$°1-01°1 | g2°-8T° - w 0 Ags )
09703 - - - . log-og* | og*® xew | gg*-g8° |S2°-02° |- u a9 -} es
8%-0% | - - - = | sgr-o2® 4 09°-6¥° |Se°-9T’ u [ 2s
09=0S - -~ = - | =] sew-oz* | og*-09" logr-sgr | = TEWION .0 s
wm /3y ] A o | M ) IS up 0
2. ! -~ : quoupseal , | Suthollv |£3TTend
‘ya3dueays i . . © sysAisuy R _ ' B

S2TI3TI8NG *9 °I .nowwwsmwox@hm_wﬂ posf 12938



{p.3uo0)d) mo,ﬁvﬁws@ ‘DI

.noﬂ¢nmmo.~.w(nm ut pasp sTe93S

;

089-095} a1® 0 T10| 020T=0001] 02L=00L ogg=030T - og| o¥ 91 9-8 - -{ -1 o9 0¢
089-009 110 .086 02.-004 | 068~080T -| -1 - 1 9 - -{sv | 09 62
089~0ggKe3Bm 10 TTQ | GOOT-086 | 0$L~00L | 006=00TT} = e | g% 91 8& . |08 gslog | g9 | 82
© 029 - 170 088" 02.~089 | 088-001Y - = o1} st At 9 ¢ |ov -{sv | 09 | 42
)89-009 110 056 0g4-00L | 058-0S0T = 02 | 0% L1 8 - =1 |=1 osc| 92
089=0%9! ze3vy | 0G6=0¢6 | 02.-00L {0se-001Y - | = | = ~| ~ 91 8¢ - - | -1 o0s¢| s2
059=009 110 026, | 02L=00L {088-00TY - =} -} = ~ © 81 odps up - -1 -1 o%<¢} 32
089-009] 4T® 0 TTO0 026 024-004 togs=00tl ~{ -} ~| -{| - g1 a3pe uQ - -1 =182 | ¢2
089-009} - 418 J0 TTO0 oz6 .| ogs-ooi |ogs-oot1yt - = | = -| - g1 adpe w0 - -1 =182 ] 22
089-009 110 086 ogLs-o00L |soss=csoy = | - | -} - - 9T b9 - -1 -1 os 12
059=00 . 110 086 ogl=-00L | ogs=-ogot}. = |+~ J8 et} 22 L1 ; 8 0g veleg | o8 02
- 099-02 -a838L 088-0¢8 ozs-00. |ogg=ogot] =~ | - | - | -] ~|nbetZrotwbg B¢} -~ -] -] 05 | 61
0S4-069] 1T0 40 TV [0S0T~0201 | O¥Z-004 |006-00TT) TT |91 jO2 {82} = 1 3*8-9°01 - - | - |og-ss| 8T
082-059] TTo 0 ITY [0GOT~0ZOT | O%L=00L | 006=00TTH 1T |91 02 jS2| = 1 G°8~9°01 - - | = fos=gs} 21
089-099] TT0 0 JTY [0OT-000T | 024=004 j0S8-0S0T} ~ | = |41 =} - 91 G°8-9°01 - - | - log-gg} o1
. _ : _ . A 09
* 089-099 110 020T-000T { 022=00. | 0gs=-0g0T{g*4{2T {41} - | - 9T . . {8°8-9°01 - - | = |trogs} s1
00L=089 11C 086~0S6 | 024-004 |006=00TTf = | = | ~ | —|¢es 91 nb g/18< | - - =408 1
02.4=08 110 0L6*0G6 | 02.-004 |006-001T} = | = |OT |02 |2e¢ 81 18 ¢ ge -} =-1s% Vet
052-089] .- 4TIV 046=056 0SL. |ogg=00ty = | = - -] - 81 a%pe ug- | e¢ -4 -1 s¢e 2T
ogs=-004f T1¥0/ATV | 000T-086 084 ogg=oott| - { -} ~-| -] - |81~21-0C - 9=g ¢ - {22-02} - lse-og¢} 1T -
024=004 110/a1Y 086=026 oss {css=ogot| = | - | = ~| - 31 22 s3pe uo - -1 - - o1
0£.4=004 110/IT¥ | 0001~086 0S.L ogg-o0tt} = | -}~ -t - 3L 22 ot ¢ - -1 -1{(s2) | 6 -
0S4=004 ATV 086-006 | _ 0S4 ogg=ogot] - | -} -} -] -1 38ree |eFpe wo - -1 -]oc |=8
004089 1Y 0g6~-006 | ogs~00L {058=001T} =} -~ { -1 | - et 74 - - ise | Ss¥ L
089-009 a1y “ose . | ooi-0g9 loog-dsorf - | - | =} - %2 9< - -1 - os 9
089-009 Ty oss8 | oos-ogo {oog-osttf - | - { -~ | -} - 92 9¢ - -{-10¢ g
1089-009 1TV 088 ooL~0g9 -jogg-00t1t| ~ | =}~ -} - $2 9¢ - -]l -1o0¢ v
1-089-009} ITY 0388 069 osg-00Tt} = f -} -1 -| - $3 8¢ - -} ~1o¢ g
0s9-009} < 4TV 006 . o069 |osg-cotif - - -| - - 92 01 < - -1~ - 1z
- a1y 0.8 004 ogg=o0sot} - | ~ | ~-{ -} - 22 9 < - -V -1 22 1-
) W Tpou Do Jo Do | 009} 08G f005105¢] 00¥] & P-S-1 W0 /3Y W o0p | 06100l 02 o
zadmel} Suttoosn - | Suruspaed |Suryvouuy|3utdaod « Jo 38 ul - uotavduoy AfTovusy Jo 2%® mEE\wM cofy
SRR : £3T1T983S U, Yo30N qTuiy ofasels | |,
quamyBel], 38K Juryss UK B eutw fqutod @am& .



B : i . i
. | : oo
ATX oy ot 0T ~oIN 015-08%
981 e ASH ADEY - . 002-99 015-08% !
SATH gx ex ABH ASH \ ASN .
8l gs ADgH ADSH Ch 8l 8 S%=9 0318UsTY
o ox W III
. W ‘ -0T1G=-00%
SN ey e 6l 6N 6N 002-9 o1g-00% | 9°0T8700
. - : mou
es | : W
¥gN A08Y AOSN ; 11l
, (9.08%-002)
oY ADSH 8yl 134 ail 002-9 08%-002 0338Y3TY
gM €S w = S
% & o i
STy ) . - o
o
ADTH ST '
WG es AT WeH | R vgil 002-9 00%=002 | (2.00%=u02)
: - : SO ‘Mou
HV“ H.\P ,. ~ HH
STl ST ¥ .
ar T
ST ooz |
T 62°GS 33 | - 002-0 I
2s ¢s 15 2s 28 . w M “
SUPE Y _ '091-91 | i
g5’ 32°97 3S 91-9
sasueT sqny SMOJIOg uwnaﬁh a3usT g edtg omﬁm. Uaptii .oome®B - deag
FER G uutd oqeTdwo] twutwoy | Surjesado aangjsaeduta],

how T&Td038)Y 21GEISN
-~ *LV §2¢ FHMNGSMuEd YIIH

t




ASH

i
i L018-02%

0,018-02%

J0J TwTJ93%)] 27q69S(

N

i

M i

1

«I¥ 004 FUNSSAUd HOTHA

1 BUTUOY | wmﬂpanumo eanjuaedusy

1
ADTH ASY b ; 091~9 03J9Y3TY,
_ . I wots b IIT
vaN oM oy sy ot 0TN 61 | 09T~-89 ‘! : ‘
8N | SATX L L3 o . oo | _
AOTH asmw | neN AsH ! 0tg-00y | 000187007
: ATY ASY ASH = T OTH gb-%2 | : Mou
vSN ey - gy )4 65 - 111
es ADEM ADSH C [ 91-9 . :
e | A9%X AOEN o _ , _ 0,02%=002
ox CoeN 8il 8N 8N | 091-9 02¥~002 0339Y3TY
2 : II
v8N AT | ~ .
ATH - e AOEY aet w
Bl , i .
8N es S%d o) . _ 0,00%-002
' ATH o't 8N Y8R V8N get 00%-002 Y #mou
- : qdeoxs
¥goN €S SN ST 091-85 _|
Sty | SATY : 5 S 11
ATY | m !
N+ 5 g%=9 | _ \
SHPH SAPA - . 1
ADTH ‘ : "
ATY ox STy SHTA Lo ! w
™ SRYA ™ 18 , e ST | ¥
g8 £s . g8 , i 08g-0 i I
AOTH geT i :
: : d _ jdeoxe. !
s ™ SN S5 | w2 | o09T-%E “
- S _ L m — + m
2s gs 1S i g8 i oT~9 i m
sesuo] . SIN{ smoaog | 93uelg a3uetd i adtg © edtd w Y3aIpTA; leg,cdueg, T dagg
g . M908 querqg | @3sydueg

- 93 -



%L°T T

gy IR 6N 6l OTH | 09T-8% - ; . -
VSN gt ADSH - ADEX 6N 611 oTH ! Sv-%2 015-00% ¢ ITT o -
%mz% gs | " ADSY AOSY 6N 6N Bl Lo9T-9- . | S 004
T 1 , * ] -
i YN mw ; SATY SHPN wveR . tmz I8N i 09T-9 00%-002 ! II
_ . ¢gs gs | sy AP LIHY gs Azd  .09T-¥2 w
, ] . o 002-0 i I
. 28 gs es 1s es es HgR . 1 9T-9 - j _
¥SN ¢s AOeM | ADSY 6K 6N 6N w 00z-9 | 018-00% 111
- 1
T : T ” ! A :
“ven | ces |} svd | savd veN |, veN VEN 002-9 § 00%-002 11
- : - - - i gze
. 1
“ 328 es ST 18 2 2s 6z°g¢ 3s ! 002 | Y |
. 28 54 €9 1s 28 . 2s 62°6¢ 23S 091~91 i 002=0 i I ,
28 gs es s 2s . 2s 62°S% 3s| OT-9. | , L
‘ : : ,. PR ! , T T
sosueT | syny | smoIdg | o3uery | oJuslg adtg edtd yapm  {°D, “dweg, doqg i saussouag
o L M 199 quwslg ogwrdusy T eUTWON Jurjexedg * e.mijugeduiag i 3urgeaedo
eTdTIaY : ‘ . : :

“IV 00, NV S2% FUNSSAEd 49Id J0d STVIFALY

W 40 XAAANNS



ITEE-2: Process of recoverlng nil from shale qt Schoemberg, Vuerttemberg.

The oil shale contsins approximstely 5% oil. It is up to
9 meters thick in places and covered only by a thin layer of clay.
Provcessing: is.done in ciroular plles, the arrangement of which is
describede On the bottom of each pile is a system of pipes which
are conmected to 9 ma\in, The main leads to an electric precipitator
and a blower. ‘ o -

The pile is covered w1th a 10 om thlck layer of peat and
wood shavings (approximately 10 Kg/m®), and this layer is ignited.
The blewer .is sterted, snd as soon as the 0, content falls below 8p -
the gas is put into the main. At the start the temperature of the
gAs is 20°C, and increases to 200°C at the run conclusion. The
combustion zone hes a temperature of 1000-1100°C. From each pile
12,500 m®/h gas sre collected, the oil is sepsrated in electro-
fllters, and the gases from the fllter have the following compositlon.

0.5 = 1.2% - HpS
1-9 g/m® - S0g
7% - CO
1.273 - Hz
’ 106;; - CH4
-1967'&; - C H
0s02 =~ .1 g/m= WHs
. l - 8;6 - 02
Remainder - Np
. The gas has only 600 heat units aﬁd, as gases below 1000
heat units do noti{burn-with air, % new oven constructlon had to be
used. A burning chamber is heated w1th 0il to 1200°C. and the gas,

_preheated to 600°C. is then burned in this hot chamber. Drawing of
the oven and flow shest are ﬂlven.

The oil from the filter is led into concrete tanks in which
the water is separsted. If an emulsion forms, it 1s broken by adding

IV 232

"Dismulgan" to the oil in separatory tanks of 80 m®, . The water conteins

0+5 - 5 g phenol.

The oil is useqble for tractors, as diesel oil, qnd is very

sultable for hydrogenation,.

- SECTION V-
BAG 3028 _TARGET 30/0PFCRTUMITY
KLBWNE, DORTMUND.

o o —— —

Fine Purificetion Plant with Drawings ' 4

———

Specification of fine purification plant.

Drowing 3834 - Gas heater.

- 25 -
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70156 - CSp purifiostion plent. Plan.
71614 - Assembly of fine purifier.
71668 - Oxide Trdy.
525283 - Carrier for purifier.
525136 - Section of purifiers”
711236 - Cover.of purifier
711261 ~ Arrangement of fine purificetion plant.
711274 - Purifier shell. S
711279 - Assembly of fine purifier.
721445 - Upper and lower trays for /;;urifier.' ‘
722615 - Carrier for fine'purifiércFTE ~~~~ :
732424 - Gas¥¥ign€\packing§ for ‘trays.
_ SECTION VI
BAG' 1928 ThRGET 30/4.03
- 1,G. FARBENINDUSTRIE, LUDWIGSEAFEN.

ITEM 1: File on Estonian-shale o0il - March-October, 1943. = VIl

(a) Preliminary H&érogenation Results with Concentrates
of Esténian Shale. ' VI 2

Hydrogénstion wes carried out at 300 and ¢00 atm.
The concentrate used had 795 Kerogen (organic substance),
17.5% ash_and 4=6% water, § :

~ Results are shown in a tables Apparently the con-
- version of ‘Kerogen decreases as-the temperature iné?éa§es
at 300 atm. Working at €00 atm, gives better reduction”
of asphalt. o

: Comparison of hydrogenation of shale with lignite
from Sudetenlend shows that with lignite, asphalt, and’
‘gesification is twice as high and conversion is much
lower. Sudeten lignite had 13% ash, 87% orgenic matter
(74.9%.C, 6% Hp, 17.1% 05, 1.1% 8, and 19.3% tar by
retorting )

(v) Preparation of ash-free bitumen from Estenian shale
- concentrate. ' ) R

Optinum conditions were 8-10 hours at temperatures.
of 20.,5~21 MV and a dilution of 1:1 with arematic coal
‘tar middle oil.. However, the yield of pure bitumen was
not very satisfactory. :

, Conversion of shale calculated on rew concentrate
. is 84.4% of Kerogen. / o

-"26 -



(0) alkylation of gasoline inm Estogian'shele and of" some VI 9
. unsaturated gasolines of other origin. S

On carbonization of Estonisn shale 20-25% oil is
.. obtained, conteining about 20-22% boiling within the
‘gasoline ranges This gasoline is 80-85% olefinie
(Iodine number 225) and has G5-1% S as mercaptans. The
smell is, therefore, exceedingly unpleassant and makes
the gasoline unusesble. Sweetening with sodium plumbite
and with HS0, ceuses losses of 22% on a lsboratory scale.
“On a largevscale, losses are stated to be 10-12%. The’
odor is-improved- but not -satisfactory because the purified
‘product still contains 0.2% S. Experiments were attempted
to improve the smell and octene number by HzS0, alkylation
with excess isobutene. : : '

The yield of alkylate was rather unsatisfactory,
expecinlly compsred with other gesolines of high olefin
content (e.ge Michael gasoline), . It seems ss if the poor
yield wes dae to high losses in purificdtion, only to a
small part to polymerization and ester formation. - S

4 table is included for alkylstion of Rumanian gaso-
line and "Staub kt" (flwid catalyst) dehydrogenated
gasolines, - - . T -

(d) Concentrate from Estonian shale. ‘ T VI 13

A mixture of "Flotol" and petroleum 1:1 was used as.
flotation agent for wet ground shale (706%{60M)s Flotol d
consists of aloohols of the terpene series. Tar and shale
0ils were not selective. \ :

. 'Extraction has no advantage over carbonizetion,
- Exper iments showed that the seme is true for hydro-
genation of flotated or csrbonized shale(

Refining of gesoline from-Estonian shele with Hp
at 3 at., eatalyst 81,05 + o005 gave good results.
$0,08%, odor good, lowering of iodine number, octene
number poor. at 18 MV, but good (77) st higher temperetures.

~ Without Hg, catalyst al,0n+ Fe + Cu, stmospheric -
pressure, the S content is higher (.3 - .5%); octane
number is good but still better at higher .temperature.
In both cases the gum test is Ligh and inhibitors should

ITEM 2=n3 Polycyclic Arbmatiés'frbm Hydrogenation Products 4» - VI 40 -

‘The paper desls with polycyclic aromatic compounds
from coal hydrogensatiom;—especially from oils produced in carbon-
ization of the hydrogenation slurry or from high temperature-
hydrogenntion oils. ‘ ' '
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The compounds were separsted by vacuum fractionation. . Cuts
of 2° range were obtained, from which crystallized separately carbazole
pyrene, methyl and dimethyl pyrene. Dihydropyrene was separated from.
the pyrene which accompanies it by sepnrating the pyrene as the plcr%te
~in oarbon tetrachloride. :

Benzperylene and coronene distill at 4mm ot about 340°C. and
are contamlnated by resin, which can be removed by weshing with acetone.
or benzene. They ere sepsrated by fractional crystallization from

xylene or dichlorobenzene.
[

Other compounds such as fluorene, snthracens, snd chrysene sre
present only in very smsll smounts beceuse these compounds ere not stable
under hydrogenstion conditions and are decomposed to methylated benzenes .
and naphthalenes. The resson is thet these compounds have four adgacent
CH groups while compounds such as perylene or coronene have three or less

adJacent CH groups.

The heats of oombustlon were uetermlned in the I.G ‘laboratories
and the heats of formstion celculated, as shown in the followingﬂtebleS'

'

Heat of Combustion,

e : P

Heat of Combustion

- . Molec. {g_at const. {G_at const. | & at éonst;
Compound Formula | Weight volume Vvolume pressure
. ) cal/gr Kealfliol | Koal/Mol
¥ . — .
Pyrene - ¢ B | 202.1 9204 | 1878.3 1879.8
. 10 | .
1,2 Dihydropyrene C H | 204.1 9466 1932,0° 1933,8
16 12 o
Sym. Hexahydropyrene c H 208,1 9771 2033.3 203547
' 18 16 .

Perhydropyrene C H 21842 10553 - 23027 2306.6

‘ . 16 26 : . : .

1,12 Benzperylene C H 276.1 9124 2519.1 2520.9
O 22 12 s o ,

Coronene C H 300,1 - 8957 2688.0 26898

24 12 '
- Perhydrocoronene C-H | 32443 | 10359 335944 | 3364.8
. 24 36 ’ -
Perhydrocoronene(isomers) C H 324,3 10374 336443 336947
i 24 36 T




Heot of Formatiori o

‘ ! . Heat of formation
- : Keal
L~ Compound i %Crystel form| per lol : per/gram
. i .
: T/ N ) H .- ] ' iR !L
Benzene (s01id) CeHg ! /. T * __rhombic =113 e e 145 -
- \ : : ‘
‘ma'phthﬂene ¢ H / \"/QS‘l monoclinic =16,0 f -e125
i 0 8 s plates ‘ i
— t
ncenaphthene CjoH HeC - C%iz " rhombic ~19.9 i -.129
P 12f10 e~ a1 : : ,
N needles .
~ ‘ :
CHQ i ‘:‘
Fluorene Cqialio NN ", leaflets | =-19.3 -.116°
f i ' i
> : :
Phensnthrene Cq4Hio TN ! monoclinic -23.1 -.13
. (T T2 i plates - ]
o ' .
- = i i |
~tanthracens C,4H 0 NN i monoclinic ;.. =27.6 , -.1565
! ! 1410 YY) } ! |
l . LLUA | plates ‘ !
1 y I R PR :;\_‘
Pyrene Tqglizo " /-—“5_> monriczinic ! -29.8 . =.148
! & s ' - plates - ]
R lenflets :
) |
" B o i . E !'
Chrysens Cqglliz’ Y | ~-rhomble ‘ 34,6 | -.152
NN ! _pletes L -
e oW I ! l
: P : ‘
"./\_ N ! -
|Perylene Caollyz A | leaflets -3944 ' =-.156
Lo i i
S . :
N N : H
— —I ! !
Benzperylene Cpplis '"T'J\""I‘ ' plates =37.1 | =.134
s K B
N
pV NS i )
; ! ;
! ! L
: o
Coronene Coglizz | // Y ) long, thin | < =17.4 | =.058
' j ) ! needles! ' o
4 N N puichitiichadututind :
i N ’Q.,"[ !
| ' |
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‘ Hents of hydrogenation sre briefly discussed. -The aversage
‘heat of hydrogepation of 511 doutle bonds in coronene is exceptionslly-
low: 12 Keal/Mol. - : ‘

ITEN 2-b: Coronene - . - o - VI 58
T Coronene crystallizes as yellowish, very fine long, needles,

meps (oorr.) 432°C. bep. 5256°C. at 760 mm, distilling without, de- -

ocomposition. Very slightly soluble in orgenic solvents such as toluene,

xylene, etc. (about 0.1%). Fluorescence is very strong: in ultra-violet

light yellowish green, in solution blue. ' N e e

Coronene may be sulfonated and halogenated; oxidizing compounds
give quinonoid products. Dyestuffs made from Coronene show very good .
. fastness. . [ by R

. Hydrogenstion easily lends to. perhydrocoronene, probably because
of several resonating structures. :

Perhydrocoronéne crystallizes from benzene in long, fine white
needles, m.p. 370°C, b.pe 430°C; heating with selenium at 360°C. gives
coronene. lMany isomers of perhydrocoronene are possible; an isomer, with
Meps '203°C, dull white needles,. much more soluble in benzene than the
higher melting compound, wes isolated. : o

Portial hydrogenation is not possible with nickel or tungsten

sulfide; with a mixed sulfidic catalyst it was possible to obtain dodeca-
hydrocoronene, orystallizing in small, yellow, sguare plates, m.p. (corr.)
353° C., It forms no picrate and shows blood red fluorescence in hot HpS0,
(coronene-green ). "
. Perhydrocoronene and coronene form A very stable moleculsr
complex in the ratio 1:1. This complex crystellizes from xylene in
coarseneedles, Mep. (uncorr.) 406-408°C. This .complex is so stable
that coronene cennot be separated from it by pieric acide

Perhydrocoronene, containing 2% coronene, shows strong phos-
,_phoresoénce. After irrsdiation of the crystals with ultra-violet,
ordinary or srtificial light, an orange phosphorescence is observed.
Irradietion with light of short weve lengths gives tlue fluorescence and
orange phosphorescences On hesting the crystals to 74°C, a change of
modification takes place snd the color phnngesgreversibly to blue for
1-2 minutes, i CoT

Hydrogen bridging between the inner ring of perhydrocoronene and
coronene may be responsible for the phosphorescence.

- 30 =



- SECTION VII
BAG 3041 TaRGET 30/4.02

. Ll FARBENINDUSTRIE, LEUNA

i

ITEM ls.- Determination of Yethanol in Aqueoﬁs solutions of Fatty COVII
" Alcohol Sulfates. ) , ' PR ‘

Two determinations of methanol are -described extensivelf.
‘The best.is the nitrite method, in which the :CH,0H is converted to
methylnitrite, sn insoluble ges bepe =12°C. . The gas is decomposed
in a receiver with HC1 and Kl and the iodine determined in the ususl
way., The fetty alcohol sulfete solutions foam very much; for this
reason the sulfates are precipitated first with barium acetate. An
improved apparstus is used, an 11lustration snd description of which
“are given. The nitrite method is based on W. Y, Fischer and A. Schmidt,
“Berichte 57, €94 (1924) and Ender, Z. eng. Ch. 1934, 227. .

The second method consists of oxidizing the methanol with
KO, in alkaline solution and titreting with oxalic acid. A blenk
must be run. The method -is ot quite as good as the first one but ;
is used to seve iodine. _ - L ' A

ITEM 2:¢ On the Reaction Products of the Oxo Process ©OVII 15

) To obtain 2.more exact knowledge of the courée of the Oxo
Process, studios were undertaken to investigate the reaction with
some individual olefinss -

Theoretically, the following reactions are possible:

(a) Primary Reaction Products - Aldehydes and Ketones.....

R - CHp = CHp & CHO. 1
R -CH ='CH2 + CO + Hz\ "
Lo R-CIH;- ¢HO . IT
CH, '
R - CHp - CHp - CO - CHp - CHp -R III-
2R - CH = CHp + CO * ZHip _ ¢y, - cH, - €O - CH - R v
- : }
S , 'R-C'H,.-CO.-Ciﬁ-R oy
CH, ' CHga

(b) Secondary Keaction Products
, The aldehydes can be converted further into acids,
mlcohols and esters (Cannizzarq“gearrqngement). In addition,

polymerization and condensation products are possibles
' /
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The products derived from isohéxylene, dodecylene and
cyclohexene-9re. described, anslyzed ond: gcheracterized by derivatives.
Aldehydes and ketones could be ascerteined as primsry compounds, and
as secondary compounds acids, alcohols, ‘esters, qnd»polymgrizetion ’
and oondensetion products of aldehydes. The experiments were ex=-
tended to technicel olefins (cracked olefins and KiSy olefins) and the
products converted to sloohols. Resction with chlorosulfonic acid

“goave sulfuric esters, the detergent properties of which were. compared
with other sulfonstes. o : : "

ITEM 3: Production of Mersol and”Mersolaté onvthe Basis of Petroleum VII 33
" 'Products, ’ ' L S : : :

, For‘eAlong time it was the object of experiments st Leuna to
produce capillery-active compounds from products of tar and coal hydro-

genation. Since 1936, the sction of sulfur diexide exd chlorine on.fydrocarbons

has been investigated. Systemetic exper iments showed that aliphatio
saturated hydrocerbons were best suited for the reaction and, therefore,
“the product of .the Fischer synthesis, Kognsine II was investigated o8
charge stock in place of the gas phase B hydrogenation product.  In.the.
dark, chlorine and S0, did not resct at all with hydrocarbons, and. only
by irradiation with light of wave length 3000-4500/ were hydrocerbon
sulbchlorides produced. Eased on this knowledge, -the preducts Mersol
and-Mersolate were developed sterting from Kogasine II. These products,
together with the fatty =acids from paraffin oxidation, are the main
source of washing agents for Germany and other European countries. The
_demand was so tremendous thet the available Kogasine was insufficient and
it was therefore necessery to fimd other raw materials for sulfe=-
chlorination. Kogesine being = syathesis produot, costs,.SlM/kg. and,
therefore, the chesper Rumenien and Hungesrian mineral oils were investigated.

The resctions which teke place when chlorine and S0, react with
hydrocarbons sre discussed, _As an example, on aliphatic hydrocarbon, Cip.
was assumed which corresponds to the aversge carhon number of ‘
Mepasine (hydrogeneted Kogesine II froection). The idesl resction gives
the desired alkyl monosulfochloride. & consecutive reaction which takes
place when the concentration of the monosulfochloride hes resched
certain amount yields the disulfochloride. This remction is not desired
and can be-suppressed: if the conversion of the hydrocarbon mixture is low.
Chlorine substitution re=ctions in which the chlorine is bound directly
to carbon also take plsce. These resctions ‘are undesirable because they
consume unnecessary chlorine. Only the chlorine bound to sulfur is de-
sired because only the sulfochloride group converts the hydroesrbon after
-saponification into s weter soluble product. The chlorosubstitution takes
place at higher temperatures, for instance, above 100°C. substitution is
the main resction and sulfochlorinstion is negligible. Sulfochlorination
is, therefore, usually carried out ot temperatures between 20 and 30°C,
but chlorination of the chain cennot be completely avoided. With Mepasine
it amounts to approximately*10f. ’
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éulfoohlorihetion of 03l Fractions

According to recent results, it seems that frections .

boiling betweén® 230-340°C. are best suited. The oil must first be
hydrogenated to a mixture of saturated hydrocerbonss In contrast %o
Kogasine, which is hydrogenated at 320°C. ond 200 ats over a sulfidic
cntalyst, the oil must be hydrogenated st about 350°C. Furthermore, the
hourly space velocity with oil is only about one wheress the space
velocity with Kogasine may be up to eight. The consumption of hydrogen

is several times more with oil then with.Kogesine. For this resson, the
extraction of the oil with selective solvents before hydrogenation.to
- remove the compounds ocontaining oxygen, sulfur snd nitrogen and hydro-

- carbons deficient in hydrogen was attempted. This pre-extraction wes
carried out to remove 50% of the original hydrocarbon mixture end thereby:
paraffinic oils were obtained. These refined products may be hydrogenated
with ease, similar to Kogesine. The products are water-white 0oils having
a specific gravity of 0.81 when using paraffin base oils and a specifioc
gravity of 04835 when using naphthenic oils, compared with Kogesine which
has a specific gravity of 0.766 after hydrngenation.

Sulfochlorination of Hydrogenated Oils

- In order to get o conversion of 40% with Mepasine, 10 hours
are necessary; with hydrogenated oil, 17 hours; and with an extensively
refined.and hydrogensted ecil, 13 hours.:< This decrease in reaction velocity
is not considered serious. The reaction velocity cempsred with Kogasine
decreases very appreciably if one attempts to obtain sulfochlorination
of more than 50%, in addition, much substitution by chlorine takes place.
Conditions sre somewhat more favorable if the oil is extensively refined
by extrsction, but still the chlorine substitution may reach 25% with
“hydrogeneted o0il compared with about 10¢ with Kogdsine. The reason for. -
the difference lies in the higher amount of cyclic hydrocarbons in hydro-
genated oils, This detrimental influence of cyclic hydrocarbons is
perceptible even in high dilution. C

The procedure is to sulfochlorinate the hydrocarbon mixture

only to 50 or 33%. The reaction product is seponified with 10 sodium
hydroXide and’the urichanged hydrocerbons, after separating frem the -
sulfonate solution, are used again for sulfochlorination. These recycle
oils. could be sulfochlorinated without difficulty-in.the case of Mepasine,
however with oil, the recycle obtained after the first 50% sulfochlorination
is dark colored end does not undergo sulfochlorination. The failure with
recycle oil is'due:te: the -presence of :amwl] amownts of compounds »
which stop the reaction initiated by light. The hature of these suostances
is yet unknown, but-it is possible to remove them in a very simple way by
‘hydrogenating the oils under similer—conditions of pressure and temperature
- as initially used. The recycle oils were dechlorinated before hydrogenation
by passing the vepors over lumpy bauxite at 360°C.

“ Converting 0il Sulfochlorides to Nersolate

The oil sulfochlorides sre worked up te sulfonates in the seme
way as the Mesapine, i.e. saponification with 10% sodium hydroxide,
separating the neutral oils and then drying the solution on drum driers.
* The dry sulfonetes ere plastic masses vhich mey bYe worked up on f'laker

to give-flakes. : ‘ '
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ITEM 4: Flow diagram of DHD process, Leuna

ITEN &

Production of Fischer gdsﬁline from natural gas

VII 44

Vi1 45

E Produotion of Fischergnsoivine from nqtural 'éas.
"'in "R8hrenoven" with stesm and COg.
catalyst (see flow sheet). A& very br

attached table compares several processes.

‘Cracking

Synthesis at 20 at. over iron
ief cost estimate is shown. .The —

Natural Gas 97% CHq, 3% Np

17000 Nm*/h —
L 10000 NP /h COp
Compression steam ‘2,0 atm.
[ 1W0to/h o i
z
4103C ,
Lo S J "R8hrenoven” | Waste , =
5200 ECal/h’|27500 1360°C. 7 gehiller i 935°C| heat TTS000 Btack
other uses | Nm®/h 755°C 'boiler| Nm?/h .
(1500 Nu/h T
- Steam {18 atm - ’ N
s & o 378 t./hb . ;
H ) - T Z. @ gt
0.2‘ &tm ' / 70000 5810 tt/hc
. Nm3/h -
_ ! 30°C,| 0.5 atm '
] ' { .
Expansion N
turbine 5800 KW J| Compression | Stesm 4200 KW Other)
two stage to 20 atm. | 2700KW { Turbine Usds
i _ low pressure
. . : . 3 atm. 23 t./h.
18 iatm 600°C N 62000 Nm°/h :CQ + Hp , o / :
2900 Nm?/h.- of this 605 cduverted ‘
- \J — :
NE Fischer Synthesis . | :
at 20 atm. over Ie waste heat -
- entalyst in 3 stages | steem 18 atm. 2042 t./he.
' . 220°
13 t./n. -
Steam 3 atm. \
v
| [ Condensetion |  4.35 t./h. sbout 35000 t/year . .
’ ) ——_""“'—r""‘" ' 1iquid primary prcduct .
A4 . .
| Ca/Cq ndsorption | g 954 4 0. +C,
_._.‘l . . 3 . 5.3 4 \
| with activ. oqrboxj about 11000 t/yenr 7
: "gasol" :
. |
. 39000 Nrf>/h
waste gBs »
- 1 ing
| C0p Washing | 10000 Nm®/h COp 1

Z
Y

18 atm.

Waste gas 29000 Mm®/h
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ITEM 6: Guestionnaire of November 13, 1944, concerning important VII 48
foreign motor fuel processes-for use in prisoner of war
interrogutions (?) . ‘ ‘ :

Questions on design end operations, especially for:

" (a) adiabatic cracking (new Houdry process) .

(b) Thermofor oracking process (TCC process) developed by
Socony Vacuum 0il Company. !

(c) Fluid catalyst (F,C.) process of Standard-Shell-Texas
(d) Hydrofluoric acid slkylation. _
(o) Processes for new specisal-motor-fuels. “Triptene, Dynsfuel.

ITEM 7 iPatent”on Condensation Products of 0il Fractions by Trestment - VII 59
with Metsl Halides '

Patent disclosure deted Leuns, December 30, 1944, Process for
Preparing Technically Valuable Materisls by condensation of gasoIine,
middle oil, Diesel oil and heavy oIl fractions containing aliphatic end
oyelic compounds (especinlly arometic) in the presence of metallic helides
and other condensing agents or polybasic mineral acids and their.
derivatives, at concentrations ot which predominentely condensstion and
only to = very small degree substitution takes place. -

Exﬁmplq' lb g

& frection of oil (185-225°C.) from low temperature carbonization
of Central Germsn lignite wss tremted first with sulfuric acid (10 per
‘cent )-to remove orgenic bases; then with sodium hydroxide solution (10
per cent) to remove acidic components (phenols, cresols). The refined
product obtained showed the following boiling reange: :

o 185 - 200°C. 40 per cent

200 - 210°C. . 43 per cent

__— 210 - 220°C. 10 per cent

N 220 - 225°C. .+ T per cent
Residue 3 per cent -

Five hundred pounds by weight of this material were run into
boron fluoride-phosphoric acid, which was prepared by passing 106 parts
by weight boron fluoride into 134 lb. by weight of phosphoric acid (85
per cent). The temperature wes kept at 10-20° by cooling. After additien
the mixture was kept at 50-60° for fiVQ;hours. The_boron. fluoride-
phosphoric acid was then seperated and the 0il was washed free of acid
with a salt solution, There were obtained 380-psrts by weight of & rew
condensation product, the boiling ranges of which were determined .by
vacuum distillation. ' ' ‘

Forerun to 185°C. 3.7 per cent
185°C. - 2256°C. 62.61 per cent
225°C - 240°C. °~ - 6432 per cent

High boiling residue ' 26,00 per cent
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The 26 pef dent high boiling residue (20 per cent yield caloulated
on the starting material) is light brown oil of high viscosity which

ls very suitable for lubricating purposes and which may be decolorized
if desired. : : o

‘

ITEM 8:— Patent on removal of non-slcohols from mixtures with alcohols VIL 63
T ~ of ‘more then 8 C atoms by azeotropic distillation. .

Patent displosure dated‘Leuna, January 26, 1945

Mixtures of higher alcohols. snd hydrocarbons, boiling above
200°C. are separated by azeotropic distilletion with polyhydric alcohels.
These form azeotropes with the hydrooarbons which boil lower than the
azeotropes of the alcohols. The following polyhydric alcohols form
azeotropes with hydrocerbons, but not with the alcohols, and are therefore
especinlly suitable: butenediol 1,3, hexanediol 1,6, and pinscone.
Separation is stated to be better in vacuum distillation. .

Enrichment of the alcohol may be effected by extracting with
agqueous methanol, snd theken;iched mixture then separsted by azeotropic

distillation.. o

ITEE 9% ‘Kecelpe for K.K. oatelyst. VII 71

A].zo;': Si02 = 1 s % ) ) N

- Yellowish rouﬂg molded body of bulk weight 0.7, resistence to
compression 10 to 30 Kg and high elasticity. .. o '

(a) Preparation of alumina:

Sodium aluminate solution : commercisl alumina is dissolved
in hot 25% NaOH, using 1,5 mol Nag0 per mol Alz05. The aluminate
solution contains 200 g Al,0, per liter. Nitric scid (45 per
cent) at ph 6 (antimony electrode) is added to a precipitation
temperature not higher then about 50°C. Weter in an amount of
one-third of the final volume is added to the precipitation °
chamber before the two solutions sare run together. The filter
cake is pressed and washed with water either on the- filter or by
decenting until the weshwater shows no No, reaction, and dried =t
120°C. until the residue on ignition is approximately 70 per cent.

(b) Preparation of the silica gel

Sodium silicete solution (spec. grav. 1.333, 27 per cent $i0,)
and 2 n sulfuric scid sre run together at.a ph of =4 and a -
temperature of 10-16°C. The clear solution is cosgulated by
heating to 70-80°C, broken into pieces nf. 3=5 cm =and washed by
decantation until the wssh water shows no $0, resction. Distilled
or purified condensation water may be used for washing. One
hundred kg. of Si0y require about 40 m> of wash water. The washed
silics get is dried at 120°C. to @ residue on ignition of 70 per

" cent and ground ("vibretom") until 90 per cent passes 200-300

.mesh.
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(c) Preparation of catalyst from the gels.

. The alumine is converted in kne;ding machine with

_water into @ plastic mass (odntaining 50-60 per cent solid
meterinl) and peptized by #ddition of 45 per cent nitric
acid, Ten per cent of the theoretical amount, caloulated.
for 41 (NO,)a, is used; the alumine swells oonsiderablys”
Then the silice gel (with edditional water to meke it a
plastic mass ) is edded with constant knesding in-a<ratio
8150 3 Si0p = 1 : 9. The mass is then’ further kneeded for
6 - 10 hours. P '

Another way of prepsring the cetalyst is mixing the dry

gels and knesding with addition of water in a kneading machine
for only 1 ='3 hours (no nitric scid fiecessaryl ). .

The kneaded mass is Pressed in an extruder and then made
into balls in a machine ("Frankema"), used in meking candy.
The balls aere dried at 120° and then calcined at 450°C. for
4 hours. : ‘

X-ray spectrograms of the catalyst show few faint lines
of aluminum oxide; the cetalyst is theFefore amorphous. If
the certalyst is hested-over 550°C. for some time, the X-ray
spectrogram shows sharp but hot well defined lines (recrystal-
‘lization). ' '

ITEN 10: Propane peroxide. Putch report on pilot plant and late I.G. VII 72
researchs ) '

(a) Report on Dutch patents 5262 (1941) and. 155,11¢ (1943)
frgm;}eborqtory of N. V. De Bataafsche Petroleum Maatschappy,
Professor Zerbe, April 21, 1944. ; .

Description of .patents snd semi-commercisl plant. “Propane—-
ond insufficient oxygen are rehcted at 465°C. in » sphericsl
chamber, in order to get meximum volume with minimum wall
surface. The chember is lined with V2a steel and the walls are
air coolede The reaction is started. by ignition, and the neces-
gary tempersture maintsined by ad justing the amount of oxygen.

~ The exit gas is ccoled to 0°C. The cnndensnte'contginsw
orgenic peroxides which are "selectively converted into.formic

acid and hydrogen".

Yield is steted to be 5.2.Kg of 30} hydrogen peroxide and
2.5 Kg. formic acid from 100 m® propane.

“{v)Novetifi preparation of Hy0p by oxidetion of orgenic compounds.
Experiments on propene oxidetion under pressure were conducted, The
product contained only about 3-4% Hy0, ond 35-500% aldehydes. ) -

(o) Report Eckoldt, april 8, 1945.

1. Preparstion 6f'éceto-parécid by'oxidntion‘ofhnoetnldehyde

_a. Experiments with flowing oxygen. The oxygen used s
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an oxidizing agent was taken {rom = oylinder and dried

by passing it through concentrated sulfuric acids It

then passed a. flow meter (contsining concentrated sulfurio
acid), next a tower with soda-lime, ond then led into the
eylindrical resction vessel through a porous plate which
insured fine dispersion. The effluent gas passed a reflux.
condenser (held at ~10°C.), then a cooling vessel (-60°C4),
a wash bottle with water, and finally s flow meter. The
results wore not uniform, however, about 64% of the oxygen
used was present in the product ss peroxide.

b. Experiments with Stagnant Oxygen. The reaction was
carried out in e shaking cylinder (about 3/4 1.), cooled:
with ice. The.vessel was connected through a tower filled
with phosphorus pentoxide to A graduated vessel con-
. taining oxygen with water 4s senling Tiquid. From acetaldehyde
68% of the oxygen consumed was obtnined as peroxidee
2. -~Hydrolysis of acetoperacid to hydrogen peroxide and scetic
aoid. A _ o

Only préliminéry experiments vere made with scetoperacid
“made from 10¢%. hydrogen peroxide and acetic enhydride. The
hydrolysis was slow and accompsnied by o loss of active oxygen.

SECTION VIII

BAG 3413

“Deutsche Gold & Silberscheidesnstalt

ITEM 1: Methenol Synthesis with Ternsry Zn Mn Cr cotalyst (¥m2) VIII 1

Preparation of catalyst: 392 g zinc acetate, 62.5 g Cr0s
and 143 g manganous nitrete are dissolved, precipitated with
armonid, weshed, dried, end formed. (60.6% Zn0, 21.9% MmO,
164,2% Cr0s ). ‘ :

The sactivity surpssses the binery Zn-Or catalyst "Stal" which -
gives at a 8.V.of 10000 and 375°C. about 720 g. of CHaOH/h/liter, while
2 gives 850 g/h/liter (ectimated). -

_ The h{éh yield of isobutyl alcokiol (3.2%) with a non=-alkalized
catalyst, which wes precipitated with NHs, is considered remarkable.
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CHENMISCHE WERKE HUELS

ITEM 2 Péncil sketch of process by Dire Baumant « VIII 4
X }

Natural gas (CHg)

. J o
arc Conversion
' ' ~

CoHp
acetylene

acetaldehyde
CHaCHO

[

Acetaldol |

‘<.
CHa CHOH CHp CHO Z(////,/ ~> hxcess Hp -

: X ,
1,3 Butyleneglycol
Cﬂa CH - CHQ - CHQ -
] !

N — CHz'CHa

‘7””Ethylﬁenzéne

OH OH
‘ l Styrene
Lo ~. .
Butsdiens |
CHp = CH - CH = Cl ;
N .
Copolymer Buni S, SS, SR
ITEM 3: Discetylene absorption curve (infra-red) , COVIII S
ITEN 4: Miscellaneous analytical processes S e VIID T

(+) analysis of a gas mixture with the Leuna column -

Mixtures of close boiling hydrocarbons csn be separated by
fracticnation in the Leuna column which appears to consist of
sections of spiral msde from 1.8 m of glass tubiﬁg, inner
diameter 2-3 mm. DBetween the sections reflux dropping bips -
show both whether the reflux is setisfectory and whether the
column is working properly. - -

. _bbout 1000 cc of gas are sufficient for the qnélysis. Opers-

" tion is as folTows: The pressure throughout the distillation is
kept cornstant by means of a regulator (30 mm, to 100 mm)e The-- -
oondensing head is cooled to a low temperature, and the tomperature
of the stillpot is raised slowly until the reflux is wniform (1
drop in-2-5 seconds ). Then the head temperature is allowed to rise
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until the prescribed vapor pressure in the column is reacheds
During distillation the temperature of the bath liguid. around
the stillpot is raised slowly, and. the temperature of the con=-
denser is kept constent to * 1°C.-for each cute The end of the
cut is reached when no further gas is pumped off. Then the
tempereturd‘of_thp condenser is reaised until the next fraction
distills. - oo :

(b) Doterminetion of hydrocerbon mixtures with fractional
condensation (Stock) 7 - -

The determination of hydrocarbon mixtures of 1 to 5C
atomSJip/E;}ried out by the oondensation method according to
Stock. For separation of hydrocarbon mixtures, five different
cooling baths are used. ' '

I. liquid nitrogen (~193°C.) ,
'II. pentane + liguid nitrogen (~150° C.)
' 1I1. alochol-sther + liquid nitrogen (-125°C.)
1V: alcohol=ether + liquid nitrogen (-105°C.)
V., ncetone *+ solid COp (~80°C. )

Under the conditions of the experiment, i.e. high vacuum,
the C, and Cg hydrocarbons condense in receiver V and IV; Cp
hydroecarbons condense mostly in receivers III and II, and in II
the Cp hydrocerbons. The CH, escspes with inert gases, is
‘pumped off with a "Poepler" pump, measured, and analyzed.

The individusl frections are wermed and memasured gasvolumetri-
cally. For determination of small amounts-of lower or higher
hydrocerbons present, & molecular weight determination is carried
out. The content of olefin can be determined by bromination.

With this method it is possible to separate a mixture of low
boiling peraffins and olefins with inert gases into individual
comprnents. B

(¢) Determination of higher acetylenes with silver nitrate method.

The gas to be analyzed is drewn- into a "Bunte" burette with
mercury. About 10 cc of.acetone is drawn in snd the burette
rotated to dissolve the gas in the agetone. Then'a méasured
volume of 0.1 n AgNOs + 2% NH, (25%) is draewn in (avoid air) and
the burette shaken for about 10 minutes. The contents of the
burette areg rinsed into 2 250 ecc volumetric flask, filtered |

“through—a-dry filter into @ dry vessel, and the excess of ag

titrated with NH,CHS. )
Cdlculation: & = -2G = 2.24 V
. o B= G~-4
A= vol % RC % CH
B=vol 4HC =C -R-C=CH
G = vol% Total acetylene (Eg(CN)z)
..... Ve

ca_ Oel n AgNOa/iOO cc EASe
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(a) Determlnation of butadiene in the presenoe of paraffins and
olefins.

" 1. The butadiene determination is carried oufﬁaQCOrding to
the maleic anhydride method, desoribed in literdtgre.

A 100 co gas mixture is passed several times through
molten maleic snhydride at 100°C. The decresse in volume
corresponds to the comtent of butediene, Paraffins and
olefins with 1 to 4 C atoms are not dlssoived to any
'apprec1ab1e amount, : . , .

2. If butqdiene should be determined in the presence of
-paraffine and olefins, a combined method may be used
advqntqgeously. About 90 cc of the gas mixture is drewn

into a "Bunte" burette and 40 cc n/, bromide-bromste solution
added to the mixture, acidified- w1tg a-mixture of Ko50, +
H,80,4. The burette is shaken to constsnt volume snd the
decrease in volume-determinéd. Then sbout 10 co of rn KI
solution are added, sheken, ond after a short time the
contents discharged into a flask and the excess iodlne back

“titrated with n/'l0 NagS503e

Assuming idenl gases, the content of butadiene and olefiﬁ,
1s csloulated by the formule:

coLo g
Y=185~-X"
X = cc butadiene in 100 cc gas used (760 mm, ©°C)
Y = c¢¢ olefins in 100 cc gas used \
B = ce 0.1 n bromide solutloq/loo cc gas used
s = cc cpntractlon (bromine )/100 cc ges used
SECTION IX ”
BAG 5. TARGET 30/4.13
Table on Catalyst Comp031t10n CIX 1
Hydrogenation QQ§ phase : ' ’
5058 : c 1100 % WS,
7846 w250 (substit‘ute for 5068) ' 10 % wo.-, + 3% Ni0 + sct. alumina
6aza 0 | 10§ WS 5—+—terrana, -
wHydrogenqtion;Dehydrogenution . B
7360 (1. Raff. cotslyst) 6% M0, + alunina
6108 (2. Raff. oatalyst). - Terrana

- 42 -



Hydrogenation CV2b (sromatization)

7019 , ‘ . 15% Cr0s + 5% V20s + act. carbon
Hydrogenation 752 - Kala v . |
3016 . ' 2 mols. NiS + 1 mol WSy,
Hydrogenation, liquid phese (tar) ot -
1102 Me = Lu 5475 - 2% MOs - lignite coke (Grude)
| 6612 ' 1  10% FeS0,
10927 e 106 FeS0, + 5% NaOH
Hydrbgenetion, liquid phase (coal) v
 iron sulphate o J f "FeS0, * THL0
’; "sulfigram" S NayS '
Bayer mass dried-not formed 746% 8105, 747% Ti0p, 46% Fon0a,
(used gas purificetion mass) : 12,7%-A1505, 645% Nag0, 17.6% Ca0,
“ ' T 0.7% Mg0, 0.9% SO, ‘
T 52 plant | o
5063 (Dehydrogenation) ' “‘“Aizoa + Crgo0y
4821 (Polymerization) HzPO4 on ?
Spligting ‘ |
. 2041 BZ ocatalyst . Hy gas splitting<containing Ni
"Braunoxyd" - catalyst (cdnvérsion)
Zine oxide o Organic sulfur purificstion
"Bayer" mass (in pills) . Organic sulfur purification
"Lux"mass , : tower purification

In its place is used "Lauta" mass with about 45% water, 53.7% Fey04
(+ Ti), 10.1% send snd clay, 14% hydrate mass, 22.2j alkali, —

TG Claus contact (2 kinds: soft and hard) Cleus plant

SECTION X

BAG 1477 TARGET 30/5.01

Ruhrchemie, A.G,

ITEM 1: Trestment of foreign workers X1

Instructions, etc.
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