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I

PAPERS ON 10 TENPERATURR HYDROGEN% Igg
ZT.'L'.Ho Procoss, files of Dr. etores
May 31, 1944

1o WORKING WITE LIGNITE TAR AND FRACTIONS THEREFROM IN D.H.D.PLANIS -

Freme 1-2

a. Working with low temperature diatilled gasolines. Befining experi-
ment® proved that such produsts can be rofined at 30-50 atm, hydrogen preasures
At sbeut 4250 increawed hydrogenation oocurs, at about 5000 dehydrogenation and
formation of eromatic produote takes place.

. The application of sulfur sppeared of advantage, but inactivated the
catalyst for other uses. ! ,

b. Working of medium oils. Such oils from Boehlen tar gave good re~ .
gulte in refining experiments at premsures of 25 and 50 atm. respectively, with
a catalyat 6434, The resulte are aseembled in tables and discussed. :

cs Working of the orude tar. Oracking experiments with the tar at 50
atms hydrogen pressure were made. The results are compared to the resulte ob~
tained in earlier cracking experimente with Boehlen tar and ponsidered satie—

factorye

Fob. 4,1944 Freme 3-4

3. WORKING OF NAVY ERATING OLL o
(File note regarding the disoussion of & project)

Five varieties of bituminous or lignite oils are examined regarding their
suitability tc be worked into Navy Heating cile They can be oracked individually
at ebout 600 atme of hydrogen pressure in the presence of fizxed bed catalyats.
The possible results of this oracking for these five oils are estimated. Plane
are discuesed to take up production at a plent saitable for this type of opera~-

tions,

The elternative of treating theee five oils in a eingle procoes is also’
dinouseed. Hydrogenation in either the gaseous phase up to 326° or at higher
tomperature in liquid phase are considered. This kind of operation, however,
would call for previcus pressure dietillation, and diffioulties might aleo reeult
from the aephalt end paraffin componente contained in the materiale

3. R . ;“‘_‘n ! . * AN I : -
F_FIXED-BED CATAIYSTS. - - e
File note ccncerning the diacuseion of a projeot)
J'y Wdrogenétio‘h process with the catalyats 7846¥ or 5068/7846% :Lh the ;
gaseous phase 18 diecussed with special attention given to local plant oonditiono.. '

Ollu
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Two of the veferess disagres on the activity of these fized-~bed catalysts. Othe.
participants of the conference report on specisl experimente regarding the pro-
cese in questicn from cperations in their respective plante. Various dstails of
plant construction and operational conditions are discueeed including the project
of inatalling a plant for the preasure aistilletion of heavy oilse

March 4,1943 ' Trame 11-12

4, STABILITY OF OATALYSTS IN THE 7, T. B. PROCESS.

T, T. Hey 100, lOW pressure hydrogenation experimenta, inp a 1 liter oven
with tar from Zeits at 330 atm. hydrogen pressure with catalysts 5068 and 8376
ave brigfly described and discumaed. - The vesulte are assembled in a table (Pe12)
and special attention ie given to the dsgree of stability or decomposition ob-
served in the catalysts. ‘

April 9,19 Frame 13~16

6. T.7.H. EXPERIMENTS WITH HEAVY OIL FROM PUERTOLANO

Thie ia a report on the poasibility of producing lubricating oil from
the shele oil in questien. From data referring to the distillation of & eample
(F~15) general figures for a possible full scale production are celculated. The
jndividual fractione fron euch treatment are briefly discussed and euggesetions
are mads to improve their quelitye

‘The yield of lubricating oil for automobilesappears poor, unlees the pro-
ceas can be modified, or the oil obtained be blended with other very viscous aym.

thetic oils.

pril 14, 1939 Frame 16-18

« LUBRICATING OIL FROM VAGUUM FRACTIONS .OF LIGNITE EXTRACTS .

Fractions from the distillation of lignite ®Concordia" were investigated
and vecuum cracked at 30 mm preesure in the premence of catalys! £0S8 end in
other experiments without catalyeta, The fractions obtained and their properties
are listed in 3 tebles. Further hydrogenation of soume of these fractione gives
e emell amount of lubriceting oil (7 to ) end paraffins. Preatment of thewe
fractions at 230 atm. proceeded without difficulties.

Auge 8, 1944 ' Trame 19-23

7. AUTOCLAVE BXPNRIMFNTS ATMED AT TER REMOVAL OF ARSENIC FROM

S T RODUCTS .«

» Antoclave experiments to eliminate arsenio from medium oils, wash oile
and heavy tars by hydrogenation at elevated presaure were suocesafuls At 320 atm.
the arsenic was removed completely and collected in concentration of about 106
in the bensens insoluble residue, which could easily be separated by filtration.
The éxperimental results are 1isted in 3 tables. No catalyste were ueed.
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June 19,1944 : Frame 23

8. IXPERILENTS ON ARSENZC IN BRUEX TAR.

" Some experiments éimed at removing arsenic from tars and medium oils by
' boiling them with absorbents such as activated charcoal, silica gel, etc., are
briefly outlined, The results ere desoribed a8 undatisfactory.

June 6,1944 . " Fram 2426
9, ' PROCESSING OF LIGNITE TAR FROM OENTRAL GERMANY AT 600 ATH.

Analysis data of the tar are given and a table illustrates the results of
hydrogenation experiments at 260 atm. 4n iron catalyst was used. The table con-
tains also estimated figures for full scale operations to be carried out at 600
atm. of pressure. The expectetion is expressed that the material can ba pro-
conaed without difficulty. : i

June 1,1944 : ¥reme 26-28

"7 10s " $I1E_NOTH ON THE TREATMENT ”OE VARIOUS TARS IN THE PRESENCE
OF A FIXED-BED OATALYST (8376)e ‘

Various tars were hydrogenated and cracked at 300 atme The results ob-
tained are listed in & table and briefly discussed, special attention is given
to the ratio of the verious fractions obtained from the individval raw materials,
A fized-bed catalyat 8376 was used. .
Jane 26,1944 : ' Frame 29-30

11, TREATLENT OF TAR FROM BOEELFN AT 200 AT:. IN THE PRESHICE

OF THi CATALYST 8376, ) _

Oracking experiments at 200 atm. of hydrogen preasurse are briefly des-
cribed. The results are asrembled in a teble. - The catalyst 8376 was used,
poesible improvemeat of the Tesult is expected by the use of catalyat 6434 or &
combination of 8376 with 6434,

- fept. 20,1943 i Frame 31
12, SEPARATION OF BENZENE IJ30LUBLE SOLIAS- ON PRESSURE
HEATING OF TAR FHOls BRUEA. » @ )

The ter was heated to about 300° in an autocleve at about 200 atm. of
hydrogen pressure with various catalyste.. The experimentsl results are listed in
& table and briefly reviewed.. Formaticn of bengene insoluble residues took place
meking it advisable to add the catalysts only after complete solution of the
starting materiale

]

iug.17,1944 - Freme 32-36

13. CRACKILG OF TAR FBOM KUIXWITZ AT 200 AT, IN THE PRESENCE

OF CATALYST 8376+

Cracking experiments of this product are briefly described and discussed.
The results are listed in 3 tablee containing various data and characteristice,

- 3-«
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83tk the catalyst 837 oracking prdpéedad without difficulty at 250 atms The

fraction up to 3509 yields a good medium oi1 from which gesoline of sabisfactory
quelity cpuld" be obtained on further treatments
APRIL 14,1943 Frame 37-49

14, WORKING OF LURGI JOW TESPERATURE OARBONIZATION T4R FROM |
OLAND OIL SEALE BY. THE Ty T Eo PROCESSe - oo oooonon

This tar was subjected to the T.' T. He oracking ‘process at 250 atme with
catelyst 5068, The reeults obtained are compared and gesembled together in a
table with results obtained from experiments with a similar product. The Iurgl
ahale oil serving as starting materiel ie described, wome analysis date are given,

Experimentsl deteile concerning pre8aure, temperature, -ovens, yields,
catalyst numbers, etc. are discussed with reference to Bome other tables with
experimental reeults, included in the veporte

Jen, 14, 1943 Frame 50-58

16, SXPERIMENTS ON THE DESTRUCTIVE HYDBEOGENATION' OF BEUFK TAR

250 ATM. IN THE PRESENCE OF A FIXED-BED C YST 8376, -

Filtered Bruex tar containing 1o of asphall was cracked without diffi-
culty in the presence of the alumina tungeten-nickel catalyst 83760 The crack-
ing experiments are described and discusaed in details Beveral tables and a
chart illuatrate the remults which in general are favorable. .Suggestions for
improvement of details are mads. The medium oil fraction obtained up to 350? wae
redietilled and oracked in the presence of catalyst 6434, '

Septs 24,1942 Frame 59-63

16, COMPARATIVE T. 7. H. EXPERIMANTS.

This is a supplementary report on destructive hydrogenation experiments

previously conducted with two different catalysts 5058 and 7846W (8376)s The re-

gults of the present end previous experiments sre listed in btwo taebles end are

briefly discussed. The remults obtained by use of catalyst 7846W are considered

more favorabla. 4 S

Jan. 30, 1943 ) Frame 63-68
17« WORKING OF BRUEX TAR.

Chareoteristice and analyeis data of this tar are given. Destructive
hydrogenation experiments with the tar at 600 and 300 atm, respectively are des-
_cribed. The resulte ere 1isted in & teble end discussed with emphasie on the

ratio and properties of the fractions obtained and suggentions of improvement.
The text relatee also to distillation experiments and a projest of a still con-

atruction at Bruex.
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March 25, 1940 o - Frome 69-76

18, WORKING OF A PHESSURE DISTILLATE PROM EUBEN TAR IN TR

PRESENGE OF A OATALYST 6719 BY THE 7.7 .H.PROCESS.

 These. T.1.E. oracking experimepte are described, the fractions obteined
are Considered satisfactory tut the catalyst 6719 used was not found in satic-
factory candition efter the termination of the experiments. The experimental re-
sultu are 1ieted in tablew and briefly reviewod, .
Pebs 9, 1940 |  Trene 76-85

19, BEPOR? ON TEE WORKING OF JATTAVAARA PRAT TAR.

Anglyeiw data of this tar are givon‘. ?.7,H. cracking and vecuum dis-
tillation experimente with thie tar are desoriveds The resulting fractions in-
cluding properties and enalyeis data are reviewsd. :

Jens 27,1940 , o Frame 86-99
AND AVIATION GASDLINE, ' 3 =

. P.7.H. experiménts with these materials are describved. The fractions ob-
tained are compared to corresponding resulte originating from operations with the
seme materigl in faotories at lagdeburg and Ludwigehafen. The experimental re-
eulte are listed in several tables, The review of these results gives special
attention to the technical factors responsidle for the variations, and to in-
dividual fractions, their properties and analytical data. The catalyst used was
Terrana plus 20% Zn§ © 1% lio Oz and 6434, v

Jan. 23,1940
3l. BXPER

This report relates to s series of T.T.H., experiments with this peat ter
which can be worked into gasoline, Diesel oile and paraffins. Analyticael data
on the tar and the fractions obtained are given (tables) and also other cherac-
teristice of the oracked producte (tables). The individual experiments are
briefly discuseed, Various catalyets and catalyst combinations were used, 5068~
6434, 5935, 6612 plus granular coke from lignite and NoOj or FeS0,.

Nov, 20, 1939 : Frame 116-135
" 23, DEEYDROGENATING REFINING OF BOFHLEN MIDDLE OIL WITH OATALYST

A middle oil from Boehlen lignite tar wae refined at 50 etm. with cetalyat
7360 end 0.5 throughput. Hydrogenation occurred at 450° and deoreased to an al-
most .complete stop at 476°, at 510° dehydrogenation and craciking took place.
After an eight dsy expsriment the catalyst activity had decreased only elightly.
The catalyet could be regenerated to ite ‘original activity for refining, dehydro~
genation and cracking purpoees,

In experimente at 235 atm; the catalyat activity decreased sooner and the
phenol content of the product was 0.4p after 12 hours and & after 3 dave as

-b -
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compared to 0.0l in the experiments at 50 atm.

The report diascusses the properties of the cracked products obtained and
the experimental conditions. The results are listed in & table and comparsd to
enalogous results obtalned with catalyst 6434 listed in enother teble. Some
tables give supplywentary date .on the.fractions obtained in the experimenta.

The catalyst 7360 is judged favorably. .

May 19,1938 : Freme 126-129

23, TOBEING OF SCOTCH SHALE OIL IN THE SUMP PHASE WITH A FIXED-BID
© CATALYST AND SUBSHQUENT CRACKING AT EITVATED PRESSURE.

CATALIST SUBSIR.UENT CRACXING .

This shale oil was subjected to sump phase treatment with a fixed-bed
catalyst 6719 (FeW) at 250 atm. In a sesond step (production of gasoline) the
fractions obtained were subjected to catalytic hydrogenaticn at 600 atm. with &
fixed-bed catelyst 6109 (HF Terrana). The experiments and results are briefly
deacribed and arsembled in a table, and are not considered very favorable,

June 12,1944 - - Freame 130~136

24 TRUCTIVE HYDROGENATION OF IAN PAD INT
PRESHICE OF CATALYST 8376 AT 250 AND 600 ATM.

T
This Rumanian prodﬁct was ocracked at 300 atm. hydrogen preesure with
catalyst 8276, and later at €00 atm. of pressure. The cracked products rzpresent
a good medium oil, suitatle as Diesel oil, which could be hydrogenated to gaso-
line in the presence of catalyst 6434. The eXperimental results are listed in

tables and described.

June 10, 1941 . Frame 136-148
25, WOEKING OF A ORUDE OIL PRESSUEE DISTILLATE IN | THE PRESFNCE
OF A 31 BED C. YST (7878 AUD €434) FOR FNGINE WITH 0,087 -

Crude oil from Zisterdorf waa cracked into gasoline, medium and heavy
oils, the fractions except the gasoline fraction were distilled under pressure.

The pressure dietillate wae divided into a medium oil fraction up to 325°
and a heavy oil fraction above 3259 The Haavy oil fraction was subjected to
destructive hydrogenation at 350 atme in the preeence. of the catelyst 7878 (7846
sulfurated) with a throughput of 0:8 end recycling of the compopents boiling
above 3250, The catalyet 7878 waa very steble. The fraction up to 325° yielded

.17% of zasoline of 150°C. end point. A4 good Diesel 0il was aleo obtained, -

The catalyst 6434 used in the preesure dietillation of the low fraction
(up to 325°) ehowed Aoms decline of activity. :

The experimental -merations are represented in a flow sheet (F.148)
which includes preseure refining of the middle oil of the pressure distillate, al~-
though this refining step was not carried out. & chart illustrates the cracking
result obtained from the heavy oil fraction, The experiments and fraoctions ae
11luetrated in several tebles are discussed in detail, suggestions for future

experimente are mads. , :

0B -~
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uarch 1, 1941 ' Frame 149-162

26. WORKING OF ORUDE PETEOLFUN OILS, PETROLTUM HEAVY OILS AND
BETRQOLEUM E_E_@SURETDISTIMQ IN THE PRESENCE OF A FIXED-
- Bl CATALYST . . )

Verioua German petroleums, petroleum pressure distillaten and heavy oils
were subjected to destructive hydrogenation (T.T.H. procees) at 250 and 600 atwm,
with fixed-bed catalyets, mostly alumina-molybdonum.

Deposits formivg during the treatment of petroleum and petroleum'heavy
oils interfored with these experiments So that they could not be completed, where~
a8 treatment of redistilled end presture distilled fractions présented no diffi-

¢ultiess

Suggeationa for better methods of procéaeing are made, I‘iroviding pressure
distillation end subsequent srasking with a fixed~bed catalyst in analegy of
operations with Bumanien petroleum referred to.in a flow scheme >n frame 161,

Thd use of catalyst 6434 for the medium oils was not considered ae favor-
able. BRafiniag under pressure end weshing with HpS04 is suggested aa a sultable
treatment for the medium fraction. : ‘

Thas nﬁmeroua erporimenta and eracked products aa assembled in tehlee are
dsacoibed and dissussed. Oatsiyste 7776, 7846, 7360, 7806, 5058, 7320, end 6434
wore usedo ;

Oc%o 3, 1940 Frams 163-16C

7. HYDHOGENATION EXPERTAENTS WITH OIL FROL PECHELBRONN.

This filtered g-ruda 0il was oracked at 600 atm. hydrogen pressure at a
temperature of 415-435 U, with a throughput of 0.6 in the presence of thy .
catelyst 7360 {ectivated elunina ¢ :4003).

_ Otner oracking eXperiments ab 600 atme hydrogen preasure wsrTe mséo with
s residue fraction above 350°, a eimilar catalyst as before, but sulfurated,
vad used. :

. The middle oil fraction was vorked to gasoline in the presence of the
catalyst €434 with eatisfaotory resulis, ' .

de tables illuatrate the experimental results which are briefly ye~
viewed.

July 25,1940 ' Frems 167-169
28, I0W TENPERATURE HYDROGENATION OF PETROLEUNS s
(Experimente by Dr. Kronig carried out in 1936)

 Theae low temperature hydrogenation experiments were aimod at obtaining
1ight colored lubricating oil and gas oil products from petroleum in analogy to
eimilar experiments oarried out with distilled lignite tars.

-7 -



The firet experiment carried out at 250 atm. and 356% with a proasure
sulfurized catalyat 3570 plus 2.45% of CSp yielded a low grade refining preduct
of a dark green to brown color. Two other experiments carried out with elight
variations of the experimentel conditions gave ne better results. Only an ex-
periment with & catelyst 3510 wae considered more favorable and produced lesa

asphalte Y

Sept 34,1940 - " N " Freme 170-179
39,‘ : ) J A - A L1 AT

Tmo distillates, & 1ight and & heavy one, were subjected to destructive
bydrogenation at 260 atme in the presence of catalyst 5058. The components
above 3250 were recycled. The catalyst activity did not decline.

 Miztures of these sterting meterials with equal volumes of a tar oll were
wubjected to the same treatment; however, the catalyes activity declined. It
seemed advisable therefore, to- treat the products in ix_xdividual operation®s

The experiments and cracked products obtained and comparative data are
sesembled in various tables and reviewed.

Feb, 2,1940 : Frame 160-187
30, VWORKING OF SUMP PHASH iIDDLE 0IL, FROM ORACKING RESIDUES OF
UINI ORUDE OIL FOR AUTOMOBILE AND AVIATION - I

WITH CATALYSTS 6719 AND 6434

Thewe .cracking residues were aubjected to destructive hydrogengtion at
250 atm. with catalyst 6719, ylelding satisfactory results. The obtained frao-
tions were redistilled under pressure with catalyet 6434, The results ers lieted

in tables and reviewsd.

Nov. 20,1940 , Frame 188-196
51. WOBEI:C OF PATFOLEUM FROL FIEDZ WITH THE CATAIYSTS 5068,
6434 OB 7019_AUD 6434, ' :

A medium ol fraction from this petroleum wae subjected to deatructive
hydrogenation and subfequent redistillation with catelyets 5058, and 6434 or
7019 end 6434 respeotively. The results obteined from a second series of experi-
ments with catelyet 7019 were greatly inferior ae compared to the firat series

with catalyet 50%8.

The experiments and the various fractions from the cracking cperatione
are assembled in comparative tables end reviewed.
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I1.

PHYSICAL, PROPERTIES OF P DROCAR]
FILES OF DRs FET

Frame 197-207

1. JNOCK BEHAVIOUR AND POUR POINTS OF INDIVINUAL HYDROGARBONS

IN DIESEL E'QM.
(A trenslation from "Bulletin & 1tAcademie dea Sciences

de U.5.5,Rey Olass des Sciences Chimiques, 1941 p. 145-155")

1941

The peper gives the characteristice of the igniting properties (readi-
nees to ignite) and the pour points of aliphatic end cyclic hydrocarbons of the
composition Oyp to Opg of various structurel types (See tables)e .

The hydrocarbon components of gasoline, having mostly & Cg to G struc-
ture, have all been investigated with respect to their knmock behaviour a8 char-
~ acterised by their octane numbers. The banic factors determining the relation

between the structure and the knook rating are the followings

1. pereffinic hydrocarbone of normel structure lkmock more easily with
increasing molecular weight. Only the first homologs of the benzene series form
gn exception to this general rulee The more widely brenched their structures are
end he nearer the branches are arranged to the center of the molecules,the less

_do hydrocarbons with an iscstructure tend to kmocke

2, Normal hydrocarbons of the olefinic geries kmock less easily than
the corresponding paraffinic hydrocarbons., 4 branched structure reduces the
tendency to kmock. Diolefins, in particular when they contain conjungeted
double bonds, have a superior knock resistance. '

3. Naphthenic hydrocarbons are more ¥nock resistant than normal para-
ffine or paraffins with 'few branches and the same number of carbon atomse. Cen-
tralization of the molecules. end rearrangement of long side chains into several
short branches improves the knock resimtance and 8o does the transition from
naphthenic to unsaturated nephthenic hydrocarbone.s

4, Aromatic hydrocarbone form a separate type of particularly kmock
resistent compounds. Hydrogenation of the benzene ring diminishes the knock re-
sistante. The knowledge of the octane mumber has been the base for manufacturing
over 100 imdustrial gesolines for automobiles and for the preperation of syn-
thetic high class gasoline to be blended as lmock resistant component: with
' poorer gasclines, ‘ L

The determination of the knoock stability of Diesel fusl im a problem
vhich is 8till not solved. Some Ruseian investigators carried out experiments
to synthesige the peraffinic, aromatic and naphthenic bydrocarbons of a structure

from Gy to. Ogse

IS

-



REEL NO. 168

It could be expeoted that the ignition properties (readiness to ignite),
29 dependent upon the structure of these hydrocarbons, would be of approxi~
nately the reverse order as compered to the hydrocarbon coniponent® contained in
gaaolines Determination end knowledge of the cetane nunbera of the various
clansea ond structures of hydrotarbone appears as an importent end practical
auxiliary for the eveluation of the lmock etability. ‘

For the choice of their experimente on synthenis the Russian investige-
tors therefore gave attention not only to the igniting qualities, bui also %o
the pour points of the synthetic hydrocarbons. In this latter respect the litera~
ture contains only en incomplete list of references.

About 30 eynthetic hydrocarbons were prepared, many of them for the first
time. Tho method of preparation will be dealt with in another paper to be pub-
lished laters

The characteristics of theme synthetic hydrocerbone are briefly des-
¢ribed with reference to & series of tables. (Fremes 203-207). The text of
Frame 201-202 is 8o poorly legible that tie content could not be abstracted.

1941 , , _ Yrame 208-227
2. AN ABSTRACT FROM "QCTAUE NUMBER RELATIONS OF ALIPEATIC,
ALICYCLIC, WOTOCYCLIC, ARD/ATIC EYDROCARSOLS, ALCOHOLS ,
FIHERS AND KETONBOF (FROM 4 PAPFR BY EGIOFF _AND ABRDELL .
IN J. 188T. PETROL. TECEH. 27, 122 (1941) ,

A brief historical sketch of the development of octene rating of motor
fuels is presented. Freme 209 illustrates methods of determining the octane
rating of hydrocarbons in the boiling range of gasoline with a CRF engines
Several rules are derived concerning the relations between the octane number and
the structure of the respective hydrocarbons. They are in essence:

1. The longer the carbon chein of the orgemic molecule, the lower the
octane number.

2, Brenched aliphatic compounde have a higher octane number than the
corresponding normal hydrocarbons, 8o monomethyl iromers, and rtill more &0
dimethyl ieo?a‘a have a higher octane rating. The isomere conteining the methyl
group in a oéntrel position have & higher octane number as compared to isomers in
which the methyl group is ellosated at the end of the chain,

3. A quaternary carbon atom increases the ootane number when'it i's lo~-
cated at the end of the chaine

4, Methyl substitution in cyolic compounde with e definite number of
carbon atoms lowors the octane number, wherees the introduction of methyl group®
into thaine with a definite number of C atoms inoreases the octane number,
p-butene is an exception, the octene pumber of 2-methyl butane being lowers

-10 -
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5¢ In hydrécarvons of the cyclohexane group substitution in o-m-or p-
poni tion lovers the octene number, the more o the farther the substituents are
removed from each other; whereas for the benzens weries this rule applies in
reverse. : o -

, 6. With the exception of ethyl alcohol the inmcrease of the length of
the oarbon chain lowers the octane number of alcohols. Up to butyl alcohol in-
clusive the OH group eppears to lower the octane number as compared to normal
hydrocarbons. Tie octane mumber of amyl elcohol, however, is higher than that
of n-pentens. It has not yet been adusrtained vhether the reverso of thia rule
applied also to the next higher membere in tho boiling range of gasoline. The
rule estabiished for hydrocarbons, atating that branching of the chain increases
the octene number, epplies aleo $o alcohole. . S

-7« The thermal stability of pure normsl paraffins is inversely propor-
tionsl to the length of the oarbon chain. : ‘

8. The higher the carbon content of the paraffin, the lower is the
initial combustion temperature. .

'9s The criticel compression ratio of pure normal paraffine is inversely
proportional to the chain length, i.0. the lovest members of the chain have the
highest criticel compression ratio, ' b

Those rules ars discuswed with reference to the experimental material
conisinsd in the tables. Some pertinent literature references are quoted.

July 1,1940 ' Frems 228
3. PHYSIGAL DATA OF SOME HYDROCARBONS

Thie is an isolated table with phyeical date on hydrocarbons.

March 16,1944 : Frams 229-237
‘ 4, THZ MOST IMPORTANT DATA AND METHODS FOR THE PREPARATION OF
SOME_ISOPARAFFINS WITH PARTICULAR REGARD 10 THEIR USE A5
MOTOR FUEL

These data are presented in several tablee which contain eleo a &cheme of
the method of preperation, for example, chlorination, hydrogenation, etc. No
other details are given in the text. -

Sept. 1983 Frame 238-244

6o VAPOR PRESSUKZS OF S0 HYDROCARBONS A8 4 FUNCTION OF

TELPERATURE, ,

. This in a series of charte and tables illustrating these relations with-
out any other text than that contained in the _tables.



June 1,1941 : - Freme 245
6. SUPZR-CHARGE KNOCK RESISTANCE OF VARIOUS AROMATICS
This is & 1ist of data asdenbled from experimente in the DebteWe 133
1 cylinder test engines The expérimentel conditiond.are very briefly discussed.

Feb. 1,1941 ' _ " } " Frame 246-249
7. THE DEPENDENCE OF THE MIXED OCTANE NUiBER OF THE BASIC GASOLINE.

~ Since the octane pumber of gasoline mixtures can not be represented as
& lineer function the concept of the "mixed octane pumbert was established which

18 variable according to the cqncentrationa.

Starting from the hypothesis that two basic gasolines with the sams oc—
tene number give a gasoline mixture vhich have the same octene number, it has
been experimentally proved that the octane number of a gamoline mixture depends
on the concentration end the octane number of the basic gasolines which con—
stitute the mixture. By calculation of the octane number for the constituting
‘componente it is possible to calculate the octane number for mixtures of 3 and
more gasolines, Some charts {1lustrate such octane number relations of various
mixtures and are briefly discussed. : ‘

i

Jaa. 6,1941 Frame 250

8. THB TELPRRATURE DEPEUBENCE OF FADATHENES

This relation is illustrated by a table without additional text.

Deo. 7, 1940 ’ Freme 251

9. KNOCK BEHAVIOUR OF FUEL MIXTURES

The influence of mixing pure hydrocarbons on the octane rating of the
mixture hae not yet been studied extensively. . It can be said that the kmock
resistance ie not an additive funciion of the two knock resistances of the
components of a binary mixture, it cennot be derived from the mixing rule.

For example mixtures of pure bengene, which in itself is very knock resistant,
are less lknock resistent then corresponding mixtures with iso-octane or dicyclo-
pentadiens unless the percentage of benzene veed ie more than 80%e

: 20% of cyclopentadiene added to iso-octane result in a knock rating equi-
valent to thet of pure dicyclopentadiene.

paraffine behave differently in pure ntate as-compared to their state
in eolutions. 2,2,3-and 2,2,4~-trimethylpentanes in spite of their very eimilar
etruoture have a different octame mumber inm pure etate, but have the same octane
pumber in molar solution. )

The saturated naphthenes can be compared to the paraffins. The un~
saturated pure naphthenes have a low octane number which increases by 3 to 4
times in mixtures. The mixing properties of hydrocarbons derived from benzene
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are not as characteristic as those of paraffine and naphthenes.

Decs 5, 1940 . - - - Freme 252-261
10, QOTAVE NUMBERS OF AROMATICS. -

Aa illuatrated by 80D curve charts the octane number of bengene homologs
inoresses with increasing atomic woight, reaches a maximum and then declines
agein. With the number of side chaine the octane number rises, and decrezees
as the length of the chain increases, at least starting from propyl bengene.
The decreane is more noticeable for n-homologe than for iso compounds. The
mixed octape numbers are higher than the pure octane numbers, and the more so
the higher the octane number.

When examining hydrocarbons with an equal nurber of C atoms concerning
the position of their side chains and their reletion to the benzens mucleus
(sge curve in chart), it can be seen that the octane mumber decreases from the

Egoaition over the m-to the p-position. With three side chaine the 1.3.5.-
position gives a higher octans number then the 1.3.4,~positions The more O
etoms are conteined in the side chaing the lower are the octane ratings of the
o-m~and p-positions, unbranched chaine have lower octane ratings than branched
chains with exception of isopropylbensene &8 compared to n~propylbengens. When
the C atoms are evenly déistributed over two side chaine the octane number is
higher a8 compared to two chaina of different lemgth. The text is illustrated
hy a table with mixed octene numbera and several charts.

vet. 5, 1940 Frame 262-274
1l. OCTANE NUMBER OF NAPHETHENES.

When nepbhthenee are examined in the order of their increasing wolecular
weight (eee chart) it cen be eeen that the mixed ootane number decreases greatly
‘with increasing size of the ring. With one unbranched side chain the octane
numbere of the 5 and 6 membersed ring decrease arnd ere higher for 6 ring compourde
than for 5 ring compounds having the same number of C atome. Up to tert~butyl-
bengene (this probably should read tert.but.cyclohexzane) inoreased branching of
the side chain inorease® the ootane number, whereae it decreases it for the
higher homologue. Thie behaviour is analogous to that observed in aromatic com~
pounds, Howsver, in contrast the increase of the side chains from 1 to 2 or 3
8ide chaing does not increase the octemne number but reduces it,

Nevertheless, in analogy with the aromatics the octane number for com~
pounds with equal molecular weight and a larger number of side chains is higher
as compared to those with fower but longer #ide cheinse In contrast with the
eromatics no inorease of the octane number occurs when the ¢ atoms are evenly
distrituted over the side cheins instead of forming eide chaine of varying

Changing of the side chain from the o~over to the m-to the p-position

- 13 -
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causes in general & decrease of the octane number, whereas the reverse applies
to aromatice with exzception of l.4~dimethyloyclohexane whose octane number is
higher as compared to that of l.3-compounds. As in the aromatics the octeme

number ie the lower, the more C-atoms are contained in one of the side ohains.

fhe ottine mumber of unsaturated naphthenes ere highser than those of
saturated naphthenes, but not as high as those of the aromatice with exception
of toluene (wee curve chart), A table illustrates the effects of changes in
the side chain on the octane number of aromatics and naphthenes, seversl charts
with curves illustrate the generasl relations ae diecussed above.
Dec. 3y 1940 - Frame 275-280
12, OCTANE NUMBERS OF PARAFFINS.

As shown by the chart the octane number decregses in general a8 the
molecular weight increases, with exception of 2.2 dimetbylpropane ae compared
Yo 2.2-dimethylbutene for which the octane pumber is higher. The octane numbers
of paraffine with brénched side chaine are higher ae compared to euch with
straight wide cheins having the eame pumber of C atoms.

The mixsd octame number of n-paraffins are higher than the pure octane
pumbers of ths lower members of the series, but they decreaee more repidly than
- the pure octane numbers on increase of the molecular weights, o that for the
%5 <her paraffins the mixed octane numbers are by far lower than the octane
.~:20ere of the pure components, and more so, the more the eidp chein ie branched,
m13ge relations are illustrated by a number of tables and charts.

June 28,1940 Frame 286~299

13, COMPOUNDS COMTAINED IN THE LIGHT FRACTIONS OF COAL TARS.

These compounds obteined from high end low température ocoal tars are
subdivided into aromatic hydrocarbone, naphthenes, olefins and diolefins, oxXygen
containing, nitrogen containing, end sulfur containing compounds and are listed
in tebles giving their name, their etructural formulae and boiling pointe.

June 29,1940 Frame 299-304

‘138, COMPOUNDS OBTAINED FROM CRACKED PETROLEUM.

4 list of compounds obtained from fractions up to 200° divided into
aromatic hydrocarbone, naphthenes, olefins, oxygen, nitrogen and sulfur con-
teining and oyclic compounds is presented with the names of the compounds, their
formlae and boiling pointe. Frame 304 contalns another list of aromatic com-
pounde from fractions up to 200° obtained from coal ters and petroleum and its

oracked producta. _
June 28,1940 : ¥ rame 305-313

14. COMPOUNDS CONTAINED IN THE GASOLINE FRACTIONS OF PETROLEUM.

A table of aromatic compounds of the gasoline fractions up to 160° from

'-14-
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petroleuus of various origine is preseater ;eecond table of aromatic compounds
contained in the gesoline fregtion up to zu0™, end & third teble containing
nephthenes in the fraction up to 200°." The tables give the nomes, structural
formulae and boiling points of the substances. ‘ '

June 17,1940 o Frame 314-321
15, 0 THE BEEAVIQUR OF AROMAT IC FNGINE TUELS IN THE @GII!E.

. 1. Behaviour of aromatic fusl with respect to ring eticiking, Experience
ghowed that when aromatic fuel or fuel mixtures are used ring sticking can be
considerably reduced by speciel refininge Such refining leads to the develop-
ment of the aviation benzene V.E.T; 308s : :

Experiments’ ehowed also that on use of benzene fupls the temperatures in
the combustion chamber and surrounding parte (pistons, valves, cylinder heads)
wers mch higher as compared to the use of imported gesolines. loreover benzene
tends to fom more deposit of soot than gasolines vhich are richer in hydrogen,
These two factors contribute greatly to ring sticking,

Experimente proved that pure toluene had particularly favorsble charac-
teristice with respect to ring sticldng. Fngine experiments in the BUW 132
1 cylinder test engine shoved thet the combustion temperature of higher aromatic
~.-ls are mich lower than those of aviation benzene beceuse the- higher aromatics
- . much richer in hydrogen then benzeno. )

Comparativée engine endurance teste with various fusle in various test
3..gines were made. The resulte with aromatics which were particularly rich in
hydrogen proved very favorables

2. Fnock beneviour of aromatic engine fuel (octzue pumbers). Whereas
up to ebout four years ago the knock resistance of aviation fuele in Germany
wae evaluated almost exclusively by the CFRB motor method, it has been eeen in
the meantime that the result obteined by this method were unduly unfavorable
for temperature seneitive fuels such as aropatice and elcokole, and that the
results obtained by the use of the research me thod apparently produced wore ads-
quate figuros. The supercharge method, however, appears to be the best for ao-
oelled pressure eensitive fuels. 3By this method the pressure limite at which
finally knocling occurté are dotermined end fcrm the base of the lkmeck rating.

Bince pure arcmatics could not be directly investigated in the existing
test engzines mixed octeng numbers of temt gesoline mixtures with 50% of various
aromatice mere determined by calculation, The thus obteined octane numbers
hovever, proved to be an insufficient characteriatic for the kmock behaviour
of arometic fusls 8o that only the eupercherge li:ite 1is a relisble kmook
reting cheracteristios :

&, Knock rating of émmatic fueli (eupercharge knock rating)e. Super-

charge experimente #ith verious arcmatic fuels were conducted and the results
nere aaaembled in tablog. The eupercherge kmock rating of aromatics in the

w 10 .~
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boiling range.‘from_175—200° waﬁ jower than for those in the boiling range of
150-176% Refining with Al0lg eppeared to have a favorable influence on the
supercharge 1imi ‘- Several comparative tables and charts illustrate the

report and many details.

Merch 30,1940 S o, Freme 322-323
: 16, INGLUENCE OF TEE IOW BOTLING COMPONENTS (BETOW 100 ) OB THE
KNOCK_BEHAVIOUR ‘OF RES IDUAL GASOLINES . T

Thie influence is shovn in a comparative table end a chart without other
toxt than contained in the illustrations. o

Feb. 15, 1940 ' ’ Freme 324326
17, 2.2.3-TRIMEIEYIBUTANE AND OTHER BRANCEED HYDEOCABBONS
OBTATNED BY EYDEOGENATION OF TRIALKYLACTZTIC ACID,

~ According to literature references isopropylke tones (isobutyrone) after
introduction of a Cl atom (monochloro isobutyrone) can be converted into mono-
hydroxydiisopropyl ketone or dimethylisopropyl acetic acid by treatment with
alkali. When working with aqueous concentrated alkeli mainly oxyinobutyrone is
obtained from the procesas in addition to some dimetkylisopropyl acetio acid, -
whereas when wator is excluded as strictly ae possible (by working with powdered
wzn3tic soda suspended in dry benzens) dimethylisopropyl acetic acid can be ob-
:ined-in almost quantitative yield with only some oxyketone es & side product.
Ty this method all the ketones which contain an alkyl radtcal with a ®econdary
" otom and also a second alkyl radical of eny kind whateoever can be converted
2pto oxyketones or homologs of the trimethyl acetic acid.

Moreover it was ascertained that the oxylketone cen be completely con~
verted into trielkyl acetic acid by e second treatment with alkali suspendsd in
benzene in strict absence of water, although the yield of acid is less than from
hydrolysis of the chlorokstons in absence of water. More detaile are given on
~ the probable mecheniem of the chemical reactions involveds. When the process id

epplied to diisopropylketone (isobutyrons) dimethylisopropyl acetic acid is ob-
tained, whose C-structure corresponds to that of the hydrocarbon 2,2,3-tri-
_methylbutane. Since isobutyrons ia obtained in the procees of making butyl oil
either directly or as an oxidation product of one of the alcohol fractions and
since it is a product of the CO reduction, it might possibly constitute an in-
teresting base for the making of trimethylbutane.

The steps of chlorimaticn of isobutyrone and subssquent hydrolysis and
conversion into 2,2,3-trimethylbutene and finally the catalytic hydrogenation of
the letter are described {catalyst 5058). The unsuitability of other catalysts
(7360, 8367) and the possidility of finding other suitable catalysts are dis—
cuesad and hops is expressed that triptane (2,2,3-trimethylbutane) can thus be
obtained from dimethylisopropyl acetic acid (Ni-W catalyst 6718).

"= 16 -
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Oct. 22,1946 Freme 327-329

18, PREPARATION OF ISOPARAFFING, IN PARTICULAR 1SOQCTANES .«

The excellent knock resistance of mlti-brenched paraffinic hydrocarbons ,
particularly of ‘imopentane and iso-octane with an octans rating of 100, lead im
U.S.Ao. to the uee of such componente for blending aviation gasoline. In Germany,
great efforte were made to obtain these hydrocarbona in gquantity which is pos-
sible since hydrogenated gasolime conteins from 65 to 90% of isopentane.

The general method of preperation of igo-octane ig by polymeritntion of
unsaturated gases, in purticular isobutyleme into diieobutylene, for eiaumple
with phosphorio ecid as a catalyst, and eubsequent. hydrogenation of this un-
saturated compound to iso-cctans or else by alkylation of isoparaffine in par-
ticular of isobutans together with an olefin, preferably n~butylene, to form
iso~octanes, with sulfuric acld ae & oatalyet. ' "

Hydrogenatica=, polymerisation- end alkylation proceunes of this type as
in operation at lLudwigshafen and Oppau are briefly desoribed and the technical
types of product obtained are summarized.

Frame 330-338

0c*. 30, 1940 '
19. EXPERTMENTS AIMIT AT THE PREPARATION OF TRIPTANE AND OTERR
ALRYLPAR/FFINS.

Triptane or 2.2.3-trimethylbutane is of interent as a substitute for iso-
c--sne in aviaticn gasolines. It has tims far been availeble only in amall :
juentitied by a Grigrard reaction, of tertiary butyl chloride and conversion of
the resulting btutylene mignesium chloride with acetonse, which is a reaction of
only ecientific but not of technical application. Therefore, simpler methods
of preparation were studied. .

1. Ccnversion of the hydrocarbon by the Grinard reaction, cenversion of
the resulting 2.8-trimethyl-vutynol to trimethylbutane (alumina catalyst) or *
hydrogenation of the alcohol vith-a sulfide catalyst (5058 and 6718) directly to
triptene. Trimsthylbutene could also be quantitetively hydrogenated to trip-
tane. ’

2. Allwlatiox{ of isobutane and propylene with sulfuric acid. Autoclave
experiments ytalde;,&riptane, the scheme of the reaction and the resulte are
descrived, wo . . ‘ _

3. Alkylation of isobutane and propylene in the presence of 4101, and
A).C1, NaCl (complex selt)e Autoclave experimente to this purpose gave no do- .
fini:ée ‘results, but are being continuved, in particular the use of the complen.
salt catalyst applars to be promieinge. . . -

4, Hydrogenation of dimethylolisovalereldebyds and dimethylol end butyl-
aldehydes Condensation of juovelesaldehyde with two moles of formaldehyde gives

-17 =
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242 dimthylolmvaleraldehyden Although the latter could not be directly con-
verted to triptans, other useful reactlions are described leading t0 203-dimethylw

butane and isohexam:;

Se Oxonization of isobutylene to isovaleraldehyde condenaation with 1
mole of formaldehyde to iscpropyl acrolein with subsequent hydrogenation to
2.3-dimgthylbutanol-l (Co catalyst). - This aleohol is convarted to 2,3-dimethyl-
butans with an alunina catalyst -at 3000, \"ariations of these nethods are also

discusseds

6, Hydrooarbon synthesis by aldolization of aldehydes with subsequent
hydrogenation of the aldol, & moles of aldshyde are aldolized to 1 mole of
aldol by treatment with weak alkalies (NaOH, Kp00, )o The trimethyl acetaldehyde
etbtained by oxonization of isobutylene in the presence of catalytic quantities
of K 00 wag aldolized with i-butyraldehyde by refluxing for several hours, = The
msuiting aldol is hydrogenated; variations of this process and scheres of
reaction are described.

March 13, 1940 ' o Frame 339-350

20, RARELY ENCOUNTEHED COMPON:.NTS OF COAL TAR

(On the results of coel tar research of the
last 30 years, ingew. Chem. 53, 69), :

A list of compounds - evidently taken from the Germen paper quoted - which
are sametimes contained in coal tar is presented, giving the names, structural
formulae , melting and boiling points of these compounds without further descrip-
tion,

July 7, 1943 Frane 351-352

21, SUKE CONDENSATION ROACTIONS OCCURRING IN HYDROGENAT ION
PROCESSES AT NORAL AND EIEVATED PHRESSURE,

In sore hydrogenation - and dehydrogenaticn processes - a side reaction
takes place with condensation of amall molecules to large molecules., .Among such
side reactions condensed ring system may be formed accoxding to the following
scheme: Isomerization on conversion of hydrogenated 6 rings into 5 rings with
subscquent condenaation to aromatic hydrocarbons,

Some possible schemes of such reactions end examples are briefly outlined,

-18—
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LABORATORY FOR KIGH PRESSURE ERPERIMRVIS , FILES OF OR. FETEES,

Nov. 23, 1943 | L Fram 363-365
1. .SOME SUGGESTIONS FOR AVIATION ENGINE DESIGN BY THE FUEL

This is the rough dreft of a lecture, 8o to epeak an answer to & lecture
given previousely in 1939 on "Suggestions ‘of theo engine designer to the fuel
manufacturex®, ) . '

The euthor reviews the development of the quality end octans rating of
motor fupls and points out that in meny respeots the efficiency of the engine
can be greatly improved by relatively fmall constructional chenge® which are
often much simpler than chenges in the fuel composition which are limited by
the natural properties of the fuelse ‘The efficient and wiform cooling of the
engine constitutes a major problem, overheating of certain engine parts or
points, for example at the outlet valves, i often responsidble for engine fail-
ure and should be avoideds Attention should be given to the further develop-
ment of engines with slide velves, which had good success in Fngland end avoid
much of the overbeating trouble of the valves occurring in ordinary engines,

It may also help to cool the super-charge air because thie would help to lower
the combustion temperature in the engine. This appears importent for example
with respect to lead corrosion, which becomss dangerous at combuetion tempera-
snres at above 700°C, high combustion temperatures almo reduce the kmock eta-
3211ty of fuels to a great extents The right timing of the ignition end in-
imotion processes also requires due attention, and possibly cooling of the pie-
tons might be advisables Many relations between fusl properties and engine
operations in general are dealt with. -

Feb. 18, 1943 . < : Frame 366823
2. SUGESTION FOR THE CQMPOSITION OF SYNTHETIC ENGINE FUEL '
MIXTURFS AS STANDARD TEST FUEL FOR SUPERCEARGE ENGINE TEST.

In connection with a D.V.L. conference in Berlin on June 16-17 1941 end
with a suggestion by Dr. Pier to use a Standerd Teat Fuel for super-charge tests,
eoug suggentions for the composition of such @ Stendard fuel are made which muet
ve tgeacd: and corrected as far a6 necessary by practical test engine experi-

mente, A :

The test gasolines previously used are briefly reviewed. Moat of them
are characterieed by their trade mark and octane ratings.. The components for
the new mixtures are also described by their tradg marks- or octane numbers.

Among others a special mixture of arometics containing 15% by weight of

bengens, of toluene, 3% of xylens and ethylbensene. and 15 of higher
aromatice is recommendeds. .

~l9~-
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Oot. 31,1941  Frame 374-390

3. . INVESTIGATIONS OF TER COiPOSITIONS OF GASOLINES.
' (Literature review)

Whereas no syetematic treatise on the composition of gasoline existe many
papers have been published dealing with special problems, such a8 the determina-
tion of chemicel end physical cheracteristics of hydrocarbons, the determipg=
tion of aromatice by refractive measurements and epectrographic method, etc. -
The various hydrocarbons occurring in the various temperature fractions are sum-
merized with literature references., The upecial literature dealing with nome
‘pertinent problems and cheracteristios is cited.

Feb, 8,1941 Freme 391-395

4, KNOCK RATING CURVES OF MIXTURES OF ALCOHOL AND GASOLINE.

The knock ratings of mixtures of gasolines and alcohol in various ratios
were checked because they were lower:than expecteds A brief description of the
method applied to the theoretical aaloulation of the kmock rating of theso, piztums
{g - given end the possible reasons for the deviation of the experimentally
obtained octane numbers from the theoretically knock ratings ere pointed oute

Jens 23,1941 | Frame 396400

5, EVALUATION OF THE C.V.L. MEPHOD FOR SUPER-~CHARGE TESTS WITH

VARIABLE AND CONSTANT IGNITION.

The method for the determination of knock ratings in the test engine
was originally dseigned for experiments with varieble ignition. The ignition
was adjusted to the fuel 8o as to give the engine its optimum efficiency, talking
into consideration the combustion time necessary for the fleme to pass from the
ignition point to the upper dead point. Iifferent adjustment of the ignition
was neceseary for the faster bumming rich mixtures in contrast to poorer mix-
tures with a elower rate of combuetion.

In order %o simplify the measurements recent test jixperiments were made
for the determination of knock ratings with fixed ignitidh. This method worked
satiafactorily for tle richer mixtures beceuse the ignition wae approximately
adjusted correctly for the combustion time required by rich mixtures for the
passage of the flamo from the ignition point to the upper dsad pointe. For poorer
mixtures howsver the ignition wae by far too late end produced a distorted
and unduly unfavorable result. Consequently it was concluded advisable to re-
turn to the former method of temting with variable ignition,

Frame 401~405

Jen.20,1941 A s
6 THB _EVALUATION OF SUPER CHARGE KNOCK-RATING CURVES AND THE
) THEIR DET N . .

The theoretical error limits of the determination of super charge knock
ratinge ere outlined, coneisting in the. poseible errors conceraning the octene
number of the individual fuel components in eddition to aome operational factore
which might distort the test result, such as hot points in the engine leading to
premature ignition; etc. :
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The c_oncluéion ie atressed, that thie method of 'eyalua'tion.can only give
. indicatiope of the fuel properties, but never furnish definite proof in this

respect. . , . _
pec. 12, 1940 - o Prame 406-416
. "%+ CAICULATION OF THE COMPRSSSION AND COMBUSTION TELPERATURE
" OF DEZENE AND 180 OCTANE-AIR WIXIURES AS DFEPENDENT ON
THE EACESS AIR. , - T

- Exact knowledge of the compression end the combustion temperatures is
required for the calculation of the theoretical super-charge knock ratings and
knock rating curves of fuels. The method end formulae for such calculations
are dsveloped and the results obtained are assembled in several tables end
charts., - = o ' o

Dac, 6, 1940 '  Frems 417-428

. 8. IHE THEORETICAL EVALUATION OF SUPER~-CHARGE KNOCK RATING CURVES.

‘ Compression~and combustion temperatures and compression and corbuation
pressures for iso-octane and benzene were calculated, assuming the compreasion
‘ratio M ¥ 8, a supsr-charge pressure of 1.4 atme end auper-charge eir tempera-
tures of 80° end 130°C. With both substances the compression tempereture and
accordingly also the final compresaion pressure® increase almost in proportion
to the increase of excese air. The combustion temperatures (in agreement with'
the combustion pressures) exhidbit a meximum in the renge of ™% 0.8-1.0. This’
maximun is different for the two substances under investigation and varied for
both when tho temperature of the super-charge air wes raised from 80 to 130°.
Super-charge curves were plotted for benzene and iso~-octans for super-charge
air temperature of 80 and 130° respectively, using the figures calculated by
Jost for spontanecus ignition as dependent on the temperature. The resulting
picture of the curves gives of course only e relative end not an ebsolute pic-
ture. A scele proportional to the chaige preseure was chosen ae ordinate,
Several simplifying assumptione were made for the calculation, for exsmple the
heat of conductance was neglected. Nevertheless some cheracteristice could be

read from the resulting curvee.

v,

LABORATORY FOR HIGH PRESSURE EXPERIMENTS,, FILES OF
DR. PETERS, PAPERS ON GASES FORMED ON HYDROGENATION O 00AL

Feb. 5, 1944 Frame 429-432

1. GASEOUS PRODUCTS FROM THE HYDFOGENATION OF COAL. - .

Some tables and charts are presented listing the properties of some coels
cracked et 600 atme hydrogen pressure in a 10 liter oven in the presence of -
iron cetelysts. Regarding the formation of ‘gaseous producte (carbon gaaificatj;qn)r
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the following relation ie eetablished. the ratm of the hydrocerbon geeifice~
tion es compared to the totel gasification increases with the increase of the
C numbers of the pure coale Values of lignite corresponded approximately to
the figures extrapolated from coal, but as only 2 lignites were 1nveatigated
no\general concluaions can be. drawn. 4

Oxygen gasiﬁcation (percentage of O 1n 00 and 00z referred to pure coal).

The 0 oxygen gasification decreases with- increasing C content of the pure coale
Represented in @ curve the curvature of this curve-only in the opposite sense-
is the same as for tlie hydrocarbon gmsification so that decrease of the gesifi~
cation (increase for hydrogen gasification) diminishes steadily with rising C
contents  This cleer deperdence of the oxygen gasification on the C coatent of
the pure coal does not exist for minerael coals Calculated velues for mineral
coal from Silesia indicated a decrease of the oxygen gasification with rising

C content of the pure coal, the high values found for lignite appeared to in~
dicate the general existence of such a relation because up to 70 of the oxygen
is eliminated from lignite in the forhm of 00 and COpy whersas the correemonding
figure for mineral coel is about 25%

0ct, 19, 1942 ° L : . Freme 433-435
2. on mznmcmmou GASES . : :

In addition to the uti]d@ation of the gaseous products of the catelytic
hydrogenation under extreme pressure for the production of hydrogen by further
cracking, the gaseous hydrocarbons and the use of propane and butane for hoating
geses, the preparation of iso-octane and alkyloctane from the butene components
of these gases has become of particular importance during the war, so that the
quantity and composition of the hydrogenation gases deserve renewed interest.
The report contains & table of various sterting materials and the respsctive
gaseous products resulting from hydrogenation either in the liquid (eump) phaae
or the gaesous phaee,

The liguid phawe process is generelly used for 3 types of raw meterial,
mineral coal, lignite and petroleum residues. The quantity of gaseous products
obteined increases from the petroleum residues over the lignite to mineral coal,
for vhich it ie largest, in accordance with the difficulty of hydrogenation,

A large portion of the gaseous products from the liquid phase process consiste
of hydrocarbons conteinihg 1-3 C atoms, whereas the butane component is com-
paratively small. " .

. The producte resulting from the liquid phase cracking are subjected to
various processes of hydrogenation in the gaseous phase and accordingly yield
varying emounts of gaseous producte in addition to the mein producte., The
snallest amounts of gaseous by-products is obtained in the process of making
motor gacolinss and Diesel oils. In the process of meking merely motor gasoline
from modiun oile end liquid phase gasolines &n’emount of about 10% of gaseous
products in obteined, In the process of meking aviation benzene the cutting
point ie lowered from 1859 to 146°, 4% of butane which are tolerable in motor
gasoline ere onmina}ted by d:.utillation. 80 that the yield of gameous by-product
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ie almost twico that reeulting from the meking of motor gamoline.

A8 compared with the liquid phase process the gpeeous produsts from the
gaseous phase(with a dilute bleaching earth Tungsten catalyat 6434) consist
‘mostly of C4 hydrocarbons, whoreas only comparatively emell smounts of methane,
othene and propane, are obtained, ®0 that the compomition shows almost the re-

veree ratio of components.

Thie conﬁrant illustrates the solective aotivity of the catalyets present
in the gaseous phawne in high concentration, whereas in the liquid phase much
speller concentratione of loss aotive catalysts are useds '

‘Ohe ratio of normal butane to ismo-butane in the 04 component from the
gaseous phese is much more favorable than from the liquid phase, because the
butene from the gasoline atep (gasoous phase) conteins three quarters of the
{eo-butans nseded for the production of iso-octane. ‘

The formerly epplied preparation of jeo-ectane by dehydrogenation of
{so~butane, polymsrisation of ino=-butylens to di~-isobutylene and hydrogenation
to iso-octane will be inoreasingly -substituted by the guch eimpler elkylation
of iso~tutane with nommal butylene which requires merely dehydrogenation of the
normal butemd. :

Decs 1940 . . Frame 436-446
8. GAS HY[RATES.

Sterting from data obtained from various hydrogenation plants.caloula~-
tione of the possible foization of gae hydretes in the 1liquid phase and gasosu®
phase processes were made. The details of this calculation are desoribed and
the resulte are assembled in tables and charts, The question was studied with
respect to possible clogging of pipes by forming hydrates. .

April 10,1940 ‘Frame 447-459
" SITION OF G NG FROu MANUPACTURING PROC

QF GASOLTNE AMD) AROMATICS. -~ -+ . -

A series of 133 experiments, gas analyses with a Podielnak column, wa®
examined in order to find rules for the composition of the hydrogenation goe.
The experiments were divided inuto five group® according to the end producte end
the pressures spplied; the resulte of ‘epoh-group were atudied separately apd
the ratios of the various Gomponents contained in the hydrogenation gaseous
are discussed and illustrated by tebles and charts.

Jens 3, 194 : Frame 460-467
6. TOTAL BULANE AND 1S0-BUTANE CQNTENT I THE GASFOUS PROIVCTS
_ FROi CATALITIC RYDEOGENATION UNER PRFSSURE AJ DIRENe:

OF THEE OF IRATING CONDITIONS.

: Those relations were investigated, but the /material available is tormed
inoufficignt for definite conclusions. Some proliminarily emtabhliehed relations
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are discussed, They appear to be dependent on the variations of temperature, .
the degree of oracking, the pressure, the nature of the catalyst used and the
nature of the product obtained.

Nov, 23, 1940 , " . Freme 468~470
6a i

T
These ratioe are given in a sericé of tableas without explenatory text.

April 10, 1942 Frame 471-475
7

. BT ON A CONFEKENCE OF THE HYDROCARBON COMMITT
AT LUDJIGSEAFE) FROu kARCE 16-18, 1942,

Very brief and concentrated reports afe given on various gubjects,

1. The dehydrogenation of iso-butane as conducted in the plants at
Leuna, Scholven and Poelitz are outlined and the techaical differences are
pointed out and evaluated. '

The dehydrogenation of n-butene in pilet plant experiments vith a fixed
bed catalyst at Leuna are described. A brief sketch of the method and of the
catalyet preparation is given., From the results obtained data and conclusions
are derived for future large scale operations. :

Other laboratory experiments of a similar pature are described which A
were made at Oppau with catalyste obtained from Leuna. The results are assembled
in a table. In connection wath theee dehydrogenation experiments a wash procees
with a solution of Agilg was tried out, aimed at improving the octene rating of
the gasoline obteined. The result wes considered favoreble, but commercial
scale operation of the procees vhich is briefly described appears too expensive.

3pril 15, 1943 E Frame 475
' 8 TUNGSTEN SULFIDE AS AY ISOLERIZATION CATALYST FOR BUTANE.

This i8 a note describing the operating conditions with thia catalyst
WSo, 5058, which is said to be ths mast active of a eeries of omtalyst investi-
ga%ed such a8 6434, Wy precipitated on bleaching earth pretreated with HF,
vhich gave no isomerization results, Next to the Wsz catalyst Wg plus Cu
ars mentioned as good catalysts, .

Jen. 24, 1941 ‘ Frame 477-480

9, ,JIELD OF HY-GAS FROi EYDBOGINATION OF RUHR COAL TQ_GASOLINE
/ OR_EEATING OIL PLUS GASOJINE. C

éene .are tables illustreting the percentage and quantities of the
various hydmdcarbon constituents in the gased, Another table lists euxiliary
feotors useful for the celculation of the hourly hydrocarbon production from
the data in table 2 and other comparative tables.

(Y
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Dec. 18, 1940 Frame 481-489

10. ISOMTRIZATION OF ;x—BUTAIm AND n-FENTANE, :

For this type of isomerizetion mostly halogen salte of eluminum such ae
AlCla. end 41Brg vere used ae Catalysts, the catalyst activity could be increased
by traces of hydro halogen gacids, weter or "additidn of halogen alkyls. The use
of the latter leads to the eplitting of hydrohalogen aecids from Al balogen salts.
The catalyst ectivity is illustrated by a comparative table, the activity and
effect of the catalyst;is discussed in some details, particular attention is
given to their isomerizetion offect for n-buvene and n-pentans. The text gives
Some 1itersture references snd contains also ®ame gegersl outlines on the
mechaniem of the rescbiona imvolved aud remarke on the use of other cutalysis .

{ tahlew wr—i&g) .

Jan. 6, 1942 . - : Frame 490-435
ATION OF n-BUTANE WITH GAS CIRCULATION AT

11, DEHYDEOGEN

ATHOSPHTEIC PRESSURE.

1,

n-Butane wae dehydrogenated at atmospheric pressure and 540%; ina l
liter oven, using a catalyst A1203-K20r207. The negative heat of reaction was
produced by heat circulation of about the 20~-40 fold amount of the fresh gpe -
throughput through the coutact space.

: The butane conversion was 36.8p or 31.8p respectively (after deduction

of 5% of butylene in the fresh butens). The selectivity was 87-96.6%, In order
to obtain the same ratio of conversion the throughput of fresh gas should be
somewhat emaller as compared to operation without gams circulation, the difference
is probably due to a drop of tempsrature in the catalyst. '

"' A table with comparative figures for & variety of operating conditions
is given. These figures are given for cost calculation purposes. The details
of the experiments are described and discussed and the results are assembled
in two other tables., 4 sketch of the oven is given in Frame 494.

¥

Sept. 12,1941  Freme 496-500
13, TEHYDROGENATION OF n~BUTANE AT ATMOSPHERIC PRESSURE

WITZ A CATALYST FIOL OPPAU.

These experiments were made with a fixed bed cotelyst ideatified es 8417,
being en elumina bichromate combination, in & 100 cc oven in order to study the
solectivity and some other data, such a8 the ratio of conversion, etc. The ex-
periments and resulrds are described end assembled in a table and e chart.

April 5, 1940 Frame 501-522

137 ADSORPTION AND DEFSORPTJON

' A'general deacription of. this method of very effective separation of
mixtures of various gases is given. It was used and developed first for the
inexrt gases which are adeorbed at temperaturée near their critical temperature
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by ebsorbing agents es for example activated charcoel, and which are later
auccesrfully: desorbed at rising temperaturen. The desorption temperatures are
wufficiently different for the various gases to allow g very fine separation.
The adsorption is strong enough to exclude any desorption in the intermediate
tomperature ranges between the edsorption and desorption. temperatures.

fhoress the laws governing adsorption end desorption of the inert gasea
are rather simple, they are much more complicated for other gas miztures, in
particular hydrocarbons, as the adsorbing forces of the adsorbing agent end the
chomical forces of the contacting molecules topd to interact. However, the
principles of edsorption end desorption have been developed and can be succese-
fully epplied for the ssparation of a1l kinds of gases. It is possible to in-
crease the selectivity of an adsorbing agent, for example by precharging it with
& certain gas., .4aother metked to increase the melectivity is for example the -
use of wash gases, resulting in a lower partial pressure of ¥he ges to be ad-
sorbed.

Finelly the use of various edsorbing agents of different eelectivity
constitutes a velueble auxiliary of this method. %‘\

The euthor quotes & series of interesting examples and diacuaeea some
theoretical problems of the adsorption and desorption technique.

Frames 521-522 contain literature references pertinent to the problem.

V.

LABORATORY FOR HIGH PRESSURE TXPERIMENTS , FILES OF DR.PETERS,

e ———

PAPERS 01! CATALYTIC THEORIES AWD GiS PEASE CATALYSTS
May 27,1943 ‘ Frame 523-524
1. MOLYBDENUM AS AN ACCELERATOR (4bstracts from ®Abhandlungen

Zur Kenntnis d. Xohie 13 No, 24, 25, 26, pe 216-245 end
12 No. 18 and 19, p. 183-204) .

 The first paper by A. J. Patrick gives references on the problem and
desls with the reduction of phenole The catelyets used are divided into two
mein groups, one for hydrogenation ks other for dehydration. The first group
ipcludes the oxides and sulfides of Ni,Co, Fe, Cu, the second group comprises

03 y ThOp, Zm0 and the oxides of the 6th group of the periodic system, Cr, lio,
" and U and rome of their sulfides.

The eecond paper by F. Fiac‘ﬁer, 7. B. Bahr and A. J. Patrick on the
catalytic reduction of terphenols to benzene hydrocarbons degls with the for-
mation of toluene from cresel with o0z @e a catalyst at 330° and normel pre-

aure.

The third paper gives a more deteiled description of the experiments and
subatances discussed in the second papers - S
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The fourth paper dsale with the sewe subject as paper two, but fused
MoOz wee used as & catalyst in the experimentd. This catalyst is said to be
“superior to the powdsred o0z used in the expariments demcribed in peper two
and three.

| The _ﬁfth papéi"oﬁ the preparation of pure benzens hydrocarbons from
phenols by Behr reports on experiment with the same fused ko0z catalyet emd - -
describes the good results obtained. g :

_ Frame 525-530
3: HYDROGENATION, DERYDROGENATION AND CRACIKING WITE -
Ni, Pt, P4, o, Co_AND Cu.

Comparative experimentel results are assembled and presented in & series
_of tables without further descriptione. B

‘June 26, 19423 Frame 531-536
3y TUNGSTEN OXIDES.

This is & report on the preparation and the treatment of various tungaten
“catalysts, particularly %ungsten oxides. The tungaten oxides are listed in &
table (Frams 534) with their chemical formlae, X~-ray characteristice and
electric resistances. Theme latter were messured with a special apparatus
sketched and described on Frame 533, Some dotails of the report are illegible.
June 24, 1943 ‘ Frame 537538
© 4y MECHANISM OF THE ACTIVATION OF THE CATALYTIC SUBFACES.

This is an abstract from a pasper on this subject by Taylor in Proc. Roy.
Soce (As) 113 (1926) pe 776

The author e¥plains that the surface of e catalyet doee not participate
uniformly in chemical reactions end thet ite activity may to a large eitent be
influenced by the chemicel emergy and action of special atom groups located at
particularly activated places of the catalyst surface. :

The effedt of & promoter on the surface of a nickel catalyst is des-
oribed ae® an example, another example deecrites the poisoning offect of hydrogen
atoms accumilated on the surface of a hydrogenation catelyst. Equations for the
celculation of the so-called real and apparent activation heat are derived,

May 23, 1943 - Frame 539-640
S5+ A THEORY OF THE CATALYTIC SURFACES.

This 18 an gbstract from a paper on this subjeot by Taylor in Proc. Boy,
SoC. (A) l_O_B, (1925) poloa‘v o

According to a theory developed by Langmir catelynt surfaces contain
certain regions with admrorbed ntome or molecules which are of particular in-
fluence on the cat@lyct aotivity. In general the activity of a catalyst ie
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determined by the asrangement and distances _of the surface atbma. The theory
on the activity of catelyst surfeces is dencribed in somo detail.
1943 ' Freme 541-547
° BAe HETEROGZOUS CATALYSTS . )
This is an abstract from a treatise by Schwab on "Katelyse von Standpunkt
dor Chemischen Kinetik'. The theory of adsorption is developed and equations fo?
the ntate of equilibrium and the heat of pdsorption, bawred on principles put
forth by Lengmuir, are derived.

The mb_re complicated kinetice of heterogenous catalytic reactions are dis-
cunsed and explainsd by examples, the theoretical processes (equations) are de-

veloped.

Some special cases, such &3 & dscrease of catalyst aotivity due to reaction
producte and the sizmltaneous adeorption of two different gases,ars discusseds

Other sectione of the paper refer to the reduction of the heat of activa-
tion, to the selectivity, the properties and behaviour of catalysts and of some
catalyst combinations. !

March 19, 1943 ' Frame 548-549
6. COLPOUND CATALYSTS.

This is a ehort review of tnis subject with referemce to the pertinent
~ litereture. Various definitions and examples for compound catulyst actions ere
given, and the problems involved are briefly outlined.
May 10, 1943 ' Frame 550
6le LITERATURE REFERENCES T0 A LECTURE ON CATALYSTS.
(a0 evstract from "Les Grands Problems Do La Chimie de la
. houille, p. 178-179" by E. Mertens end J. Massionn, Liege 1941)

flolybdenum end tungeten are mentioned as very resistant catal&ata in
gaseous phase operations, particularly in the presence of sulfur, which far from-
-poisoning the catalyst, acte even as an activator for molybdenum oxide.

Molybdenum trisulfide is even more aotive than the disulfide or.the oxide,
but is not always stable under the condition® of destructive dehydrogenation,
unless in the presence of & certain partisl pressure of E,8¢« To this end a
certain percentage of 5 or HpS may be edded either to the hydrogemation product
or to the hydrogen ueed for dehydrogenatione .

A-ray investigation on molybdenum trieulfide showed that conversion to the
disulfide is accompanied by basic strustural chahges. The former compound hae
. a micro crystalline etructure, whereas the latter obtained from it by heating hae
a perfect crystelline structure. Since this crystellization diminishes the
catalyst activity, experiments were made aimed at inhibiting the formation of
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cryatale by the addition of various additives, such as chromium-end eluminum
oxide and silica. These additives, however, proved ineffective, vhereas the
addition of phosphorus emmonia molybdate increased the catalyst activity con-

aiderably. -

Jan. 21, 1941 * : Frame 551-502
7. DRYING OF CVsb WITH SILIOA GEL, (File note on a discussion
concerning silica gel at Oppau 299)

Dr. Urben reported on a project to dry CVpg, because it caused corrosion
in the tank cars and storage tenls when transported and stored without drying.
The projected drying process provides drying of the material while it im filled
into the tenk cars, which requires gbout 8 minutes per carload of 15 tons. It is
intended to pass the material alternately through two towers of 1-1.5 each,
packed with silica gel, so that one tovwer is in action for drying, while the
other is being regenerated. The regeneration (drying) is effected by dlowing out
at 100-180° The slight browning of the silica gol by polymerization as it wae
observed in leboratory experiments is not supposed to affect its absorbing power
for water. After 10 or more regenerations reactivation of the gel by blowing with
air at 400-500° end burning of the polymericetion products becomes necemrsary.
More deteile are discussed with respect to other plants and the possibility of
using activated alumina instead of silica gel. Experiments in this latter direc-

tion are plenned.

Nov. 27, 1940 . Frame 553-561
8o SURVEY OF THE LITERATURE ON THE OXIDATION OF HYDROCAEBONS
IN THE PRESZICE OF CATALYSTS,

- The pertinent literature references are assembled in some tables which
1ist also the type of substances oxidized, the catalyet used and the experimental
conditions as well as the resulting producte.-

i Some principles of oxidation as developed by the various authors are
described, : '

Nov. 22, 1940 ' Frame 562-564
9. STUDY OF CATALYSTS SUITABIE FOR THE CONVERSION OF EYDROCARBONS.

These catalyet studies cover four main groups on fields of activity,
cracking, dshydrogenation, cyoligation and ieomsrization or polymerization.

1. The chief catalysts of the first group are silicon oxide, 5102, and
carbon, they cen be used as such or activated with Al or Mg, which increases
their cracking activity, thue allowing either to reduce the reaction time or to
increase the rate of conversion. G6ince the catalysts vhen activated with Al or
kg act aleo as polymerizing catalysts for olefins, their use changes also the com-
position of the cracled products, ‘

Bleaching earth and iron catalysts are also suiteble for cracking, use of
the latter leads to formation of large quantities of gaseous products. ‘
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2, The chief catalyst of the second group for the purpose of dehydro~
genation is AlyOss combinations with FepO or kg0 did not give satifactory

resulte. ’
~ 3« The best catai’yet for cyclization is a combination of “203 with Cr.

: ‘4. The good effects of 5§10, end A1,05 for polymerization nave elready
been mentioned under group lo They cam be used also for the polymerigation of
ganeous olefins instesd of other catalyats such as phosghorus catalyeta; used in -

some industries,
1 1

Nov. 22, 1940 Trams 565~566
10, QUSERVATIONS ON CATALYSTS ; IN PARTICULAR ON CRACKING CATALYSTS.

These & 180latdd remarks on some metdl oatalyste for cracking when’
used under ceytain operational conditione, and the resulting effects on the com-
position of tke cracked products. o

Jan. 13, 1944 Frame 567-571

11, ON THE ATOMIC STRUCTURE OF TUNGSTEN-AND MOIYBEENUM SULFIIES

Physicel investigations of the lattice atructure of these compounds have
been made, the results of which aye assembled in & seriee of tables and pic-
tures and briefly discussed,

Dec. 17, 1943 ‘ ‘ Prews 572-574
12. ELECURON INTERFEROLETRIC INVESTIGATIONS Oli ALUMINA CATALYSTS.

The3e investigations were intendsd to clarify the relations between the
activity of these catalyets and their crystalline structure. J-ray and electron
interferometric experiments viere carried out and described, including the equip~-
ment used., The very technical physical: results obtained ere discussed end .
evaluated but considersd inccmplete becaure the experimental arparatus was
. destroyed.

Sopt. 7, 1943 Freme 575-579
13, iEW RESUITS ON THE LATTIOE DISTURBANCES IN ACTIVE
TUNGSTEN SULFITE.

This ie a report on very technicel details concerning a eeries of X-ray
photographe of tungsten sulfide and the evaluation of these deteils regarding
the arrengement. of the crystal layers within the lattice. The report ie illue~-
trated by scme figures,





