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37, On tha ng‘tun of the aramatio hzc_iroop.rbonu present in prghydrognation
products, Leuma, April, 1931, _
Summarys

_ 1. The nature of the aramatie hydrooarbané present in the Leuna
product P 813 bdefore hydrogenation has been investigated. ,

2., It has been oconcluded on the basis of their aniline points
and hydrogenation characteristics that these hydrocarbéns are most likely
partially hydrogenated biocyelie hydrocarbons of the tetraline type,

38, Qus

Susmarys

. A gas omtaining 1% ethylene oxide was passed, in the order men-
tioned below, through sulfuric acid solutions of ¥arious ooncentrations,
calcium chloride solutions aeidified with hydrochlorie aocid and agueous
urotropine solutions, It was found that:

titative determination of eth lene oxide, Oppeu, January 31, 1938,

, 1, 8ulfuriec acid, diluted with 15 parts of water, will absorb
the ethylene oxide quantitatively, even when & volume of 100 ml, of the

aoid solution and a gas velooity of 100 litres per hour are used, The

dissolved ethylene oxide oan then be determined by-oxidation with biehromate,

The omdess bichramate ocan then be titrated back with irom sulfate snd di-

phenylamine used as a Redox indiocator, : : o

2, . Caloium ohloride im concsntrated HCl is not satisfactory.

' - 3« A warmed (76°C,) and dilute (0.1 N) urotropinesolution
(100 ml, solution and 20 litres per hour gas velooity) absorbs the ethylenme
oxide gquantitatively, but the determination of the dissolved e gives
uncertain results, ” , :

Statlo methods in which e given volume of the gas comtaining 1%
ethylene oxide were left in contact with measured volumes of the sbove
reagentsy, Caloium chloride solutiens prepared acoording to Kerchow re~
acted very rapidly, :

(1) Sulfuric acid requires 15 minutes for quantitative déomlpoci-.
tion, . B

(2) Caloium ohloride solutions prepared according to Kerchow
required 1/2 hour for eamplets transformation of the ethylene oxide to
othylene chlerhydrin, v ’

(3) Urotropine showsd the pesulisrity that it does not form
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ethanolemine quantitatively as 3xpeotad. but through some obsoure resction,

forms more alkelinity than woul

amine,

Acouracy on a 1% ethylene oxide

It is therefore recammended to use:

be present by the formation of ethanol-

Sulfurie asid fer absarption in either e stream or static gas,

'oontent:

1 0.03% on the total semple,

Caloium ohloride &8 a comvenient reagent,

It g{ves the same agouracy as sul furic acid.

59,

to be used only stathally,

y Urotropine with both streaming and static gasas, provided care
. be taken of using reproducible absorption conditioms.

reotification of the m:lxbure Phenetol-bensylmina in empty

SImvest:

Teble of contents:

T,
11,
III.

W,

v.

Introduotion,
Products

Theoretiocal,

(a) Vapor pressure ourves and heats of vaporization,

(b) Bquilibrium diagram,

Determination of plate
(e) Apparatus used,
(b). Method,

Results,

\

effioiency,

As a reault of this work, the following eqnaticn has been devised:

h = 0,17 m-zu
~v—

where W « vapor velooi

by in Mol, om™?
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M- molecular weight

r = radius of the tube in om.

' 7 = viscosity of the vapor in poises
The oolumnar height can be oaleulated by this equation also for
other mixtures with good spproximation, ‘ '

40, Volumetrio #nalxle.s with quz salts, (Ferrmtry),_, Leuna, Decembor, 1941.

Sumary: |
| The system Fe "/Pe"' oan be used as basis for gas analytiocal~
‘oxydimetrie purposes; the remaining divalent irom ocen be measured by a

final permanganate titration, The determination with either iodine or ‘
cadmium is oited as an example and has been investigated,

The addition of barium. (fresh precipitation of BeSO; in the
titrating solution) in the permanganate titration was found to be.helpful
in the H,8 determination and will be brought into gensral use,

Oxidation agents can aleo be dotefminad ferrametrioally, The
simple and sure bichromate determination ocan be generally used and a new
method for the determination of 80 is desoribed, .

Comments: The addition of barium acetate in the permanganate
titration se¥ves to correst for 3 possible sources of error in the deter-
mination of Ho8 by the addition of exoess ferric salt acoording to ‘the,
teactions ' ‘ ‘

S"+2F °**eS54+2F * .

ad the ferrous salt produced is titrated with permanganate,
The errors ares ‘

. 1, Effeot of the oxygen fram the air an the ferrous salt
durin} the titration, : i ’

2, Action of the pemauganate’ on the liberated free sulfur,

.~ B« Recognizing the permanganate end point, whieh is not always
~easy dua to the brown coloration of the solutiom, B

) It is not clear how freshly precipitated barium sulfate prevents .
oxldation of the ferrous salt, A statement is made, however, that the '
finely d¥ided sulfur is cocluded with the barium sulfate and thereby pro- -
tected oxidation by the permangenate, A white precipitate in the solu-

tion wilf also be of help in deteoting the pink end point,
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41, Inveltiigtidn of ketone oils, Leuma, February 23, 1943,

Table of oontentss
Introductory remarks~~Crude material,
' I. Deuben ketone oil,
| (1) Prepurifiocation,
(2) Fractionation, o
(3) Purification of the acetene fraoticn.
(4) Yield ~ Investigation |
11, Analyticel methods. |
111, Hydrogenation of the ketome oil,
(1) Cmipoaiti&m;
(2) Separation of the C, ketone frection.
V. Bydrogenation of the C, ketone fraction.
(1) Preliminary investigation.:
(2) vaﬂ'rogonatidn producta,
(3) Produgts worimp. |
(4) Ddﬁydrogenation of the secéndary dbutanol,
. (5) Hydrogenation for 'analytioal purposes;
V. Methods for the preparation of pure ketones,
(i) Separation from bisulfite oumpouﬁaa.
(2) Separation of the oxime,
(8) Sepa’rationbf the. pheaylhydfazme,
mﬂ) Separstion of the semiﬁrbg‘zme,
(s?ﬂnnqﬁnts of the pure ketones,
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VI. Restdual oil fram hydrogenation, Leuns,
| (1) ACanposition. '

(2) Separation of the C; ketames, ' A
VII, Summary,

: The following analytical methods were used and improved for use
in this investigation: D

Kotone number: The sample is treated with a 7% solution of
hydroxylamine Eﬂrogﬁforide in dilute methanol and the separated HC1 is
titrated with a iﬁ)mm solution in comparison with a similar solution of

r

pH 4,0, using b henol blue as indioator. The reaction is finished
after 1 hour and gives 98% of the theoretiocal value,

Water: The sample is titrated with iodine~pyridine-802 reagent
(karl Pischer's reagont), Since the CO group reacts with pyridine~80p
(see Contralblatt 1941 II 785), the oarbonyl group is first oonverted to
oyanhydrin, This oonversion is carried out by treating a methanol solution
of the sample for 1/2 hour (to saturation) with HCN gas before the
titration, ’ '

Nitrom' + The semi-mioro Dumas procedure was used.
~ Sulfur: The sample was burned in a atxfeam" of eir aocording to
the proesdure of Grote-Krekeler-and the H S0, formed determined gravi~ .
metrically, o \ |

: % oohols: Determined by acetylization with glecial acetio
acid-pyridine #olution, Reproducible end accurate results were obtained,
Small emounts of Hp0, nitriles and ketones do not affeot the results, but
large amounts interfere, - ‘

o -Maw ols The determination by acetylization depends on the
acouracy o > woighing and is ooneequently uncertain, The same objeection
applies to the oxidation procedure to formaldehyde and colorimetric deter-
mination withnSchiff's reagent, The latter is, however, specifie for
methanol, ' ’ -

analytioal purposes: Attention is oalled to

the faot that the hydrogenation Adtions, 1f oarrfed out quantitatively,
yields useful information on the ocomposition of the products under ezemina-

tion.
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© Comments: Ewmwept for the analytical proocsdures outlined therein,
this repor¥ should not be included smong analytioal doouments, The materiel
investigated was a ketone oil from the Deuben carbanization plant, This
report which desoribes a long and painstaking research should be of interest
to ooking and oarbonization industries,

42, Investigation on the mature of the higher boiling half of the xylenol
fraction of the L tober 12,

Sumerys
The higher phenols from A-middle oil can be obtained, by step
wise treatment, with excess ocaustio soda solution, in separate extraots
possessing various physical properties and elementary compositioms, It
has been found that: : )

(1) The higher phenols possess various strong acid .pi'opertiﬁl.

A . (2) e properties and elementary oampositions of the meid ex-
-traots approach these of dioxy benzenes such as: oxyooumarone derivatives,

. (3) T™e weakly acidic extraots resemble » with regard to their
physical properties also in their ocarbon and oxygen caontent, alkyl phemols
with open side ohains, However, the hydrogen contents of the higher boil-
ing portions are rémarkably lower, It ocan, therefore, be assumed that
alkyl phemols with unsaturated or ring forming side chains are present,

: (4) Conolusioms 2 and 3 should only be considered as initfal
assumptions, sirnce the higher boiling fraotions contain considerable
emounts of nitrogem and sulfur, the effeots of whioh hed not as yet been
been studied and which influence the physioel properties of the frasctions,

__ Commenta: This report camnot be striotly clessiffed as an
mlﬁiml‘%’&h Since the material imvestigated has been obtained
from the hydrogenation of the middle oil obtained fram the sump-pha go
hydrogenation of coal, this report should be of interest to hydrogenation
specialists, _ g '

43, -l:meatigatim of* the .K-ﬁ'aotim. _ Leunsa, Deb_ruar} 23, 1943,

A frection bolling between 110°-130°C. fram orude 1sobutyl oil
was investigated, : : ‘

: The procedure for ketones determination rcoording to the hydroxyl-
amine method, has been modified for the determination of isobutyrone, in
thet a Imown excess of NeOH was added end the unreacted NaCOH baock titrated

after standing 8 hours, _ ‘ S ‘




"RESTRICTED

TahsCo Report Zal-1 | _Page 42

A number of fractionations were carried out on a K-freotiom -
after omnverting the aldehyde present into acetal with methanol, The main .

- fractions boiled at 106-107°C,, 112-114°C,, 121°C., and the isobutyrone

fraction at 12¢-124,6°C, Pure ketones were cbtained by oonverting thess '
fractions to semicerbasides according to a new proocedurs, separating tie

semiocarbasides and treatment of the latter with HC1,

: A Cg ketone boiling at 114,2-114,4°C., a C, ketane boiling at
132-1339C, were separated besides iscbutyrome, the mZn oconstituent, The
firat ketone forme azeotropic mixtures boiling at 106-107°C, with iscbutanol
and et 112-114°C, with hydrocarbons or ether, - '

, Iscbutyrone boils at 124+124.5°C, when 92% pure (22% in K-
fraotion) and eonstituted 48% of the fraction boiling between 120«125°C,

~ In the fraction boiling about 126°C,, besides iscbutyrone, were increasing
amounts (with increasing ‘bempentures

» of another C, ketone whioh could not
be entirely sesparated despite several fraotionations, : :

The use of a higher Boiling aloohol, such as 1scbutenocl is

‘necessary for the transformation of aldehydes into higher boiling aocetals,

Analytical determinationss -

‘ It was found that the eustemary proocedure with hydroxylamine
hydroehloride for determination of ketomes gave much too low results with
isobutyrone, the prineipal product, This is due to the faet that the re=- ‘
actlon with hydroxylamine is much slower and takes several hours to oom~
plete, A modification of the proocedure in which a known excess of NaOH

solution wes added to the reaction mixture and the ymoonsumed NaCH titrated *

after standing 8 hours, was found to b~ satisfactory,

44, Detamination. of bentoyl peroxide. “April 29, 1942.

Leuna

A number of proocedures for the determination of peraxides were

tested on benzoyl peroxide solutions of known concentration, ' These pro=
cedures were classified as followss A .

1, Me thods based on oxidation of Snclz.
2. Methods based on oxidation of Na,SOs,
3, Methods based on'separation and determination of iodine,

The Venino and Henszer method (Arch, f. Chem. u, Phamm. 253 (1916);

426) gave generally high results, The Hook and Schrader mothod (2, enalyt,

Chem, 70 (192?),‘ 57) was also unsatisfactory,

R-ESTRICIED
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The 1.6, Hoohst method based on Nep80y oxidation gave low re-
sults with benzoyl peroxide, o BT

The proosdurs of Gelisse and Herman (Ber, 658 (1926), 83) wes
unsatisfactory due to the fact that only the peroxide which was hydrolyzed
relensed iodine, A later modificetion by these investigators gave high
results, - | :

, - The prooedure of Kokatnur and Jelling (J. Am. Chem, Soc, 65 (1941),
1432) gave low results, particularly with larger emounts of bensoyl peroxide,

Pinally, the procedure of Liebhafsky and Sharkey (J. Am, Chem,
800, 62 (1940), 190), was modified in that the addition of sodium biocar-
bonate was replaoced by a streem of 003.. thus avolding the use of water and
found to be satisfactory. This method is as follows:s . . :

A 10 grem sample is dissolved in purest water-free glacial aceticaocid
obtainable and & 50 ml, sliquot pipetted into a 50 ml, flask, A streanm
of COp is passed through the solutioh for § minutes, 1 g, solid KI added
and allowed to stand 16 minutes, Pifty ml, water are then added and the
liberated iodine titrated with thiosulfate, using starch as an indicator,

45, ankfurt am Main, Mareh 18, 1940,
eas d ekl o F et y »
3 I s oy o A
Y SONTR IRING THheSe COboUnds,
g e coam .

 The pracedure is based upon the faot that aliphatie oxygeated
ommpounds as well as straight ohein hydrocarbons containing at lerst 6
carbon atoms form well crystallizable addition products with ure<, whereas
branched hydrocarbons are left untouched, The renction is carmed out
simply by sheking the product with a methenol solution of ures In the
oase of petrolewm produots such as gasolihes, gas oils, or lwricating
oils, a methanol soclution of urea is shaken with the produss and the urea-

-saturdted hydroearbon addition product separatesaftar a shrt time,

% No examples on synthetic mixtures rre given, Aside
from \ne cmmercial possibilities, the procedure would be extremely inter-
esting fwigm an analytical viewpoint if it is quantitssive,

rocarbon mix-

46, Aaa _and prepa - B0 oy of h

New mothods for the separation end dtermination of hydrosarbons i
in mixtures are presemted, These methods wer developed in the last

decade in the Oppeu .plent in order to obtaiy 8n idea of the composition

of the pressure oil which is produced undey various oonditions in the R
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Compounds present in ths latter occur also in products from coal lique-

febdtion. Since oraoked oils are produced in large quantities in foreign
countries, it was very important to establish whioh individual campounds
- were present, how these individual campounds could be exploited and what
effect (fram the foreign side) this will have on German econamy,

The analytical proocedures, also examples, are given in the
appendices, : . ‘

. These methods are presented in the order in which they originated:
the eccurate separation by distillation by the Oppau epparatus, the olefins
determination, the dienes, whioh ceme last, exoept for butadiene, the princi-
pal product of thermal eracking, Finally, an example is shown of an in-
vestigation of & casplex CO-H, pressure oil, '

_ The Hahn apparatus (Appendix 2) is used for acourate fraotiona=
tion, The walls which are in oontact with the vapors are surrounded by
a boiling bath, The heat of the jacketed bath is not provided by the
eiroulating vapors, but by an euxiliary eleotric heater, The apparatus
will show the same effioiency even for mmell samples, Only a narrow ring
spaoce was used at first, without attached spiral, then by the provision of
a two-way platinum wire spiral the path of the vepors was lengthened and
the vapors foreed through even at low velocities, The best solution wes
to use the Widmer sliding gless spiral which hes been fused to the inmmer
tube, It fits tighter but requires excellent gless blowing technique for _
its manufacture partiocularly for the larger sizes, Metal wires, such as
silver, oan also be used, ancecording to the composition of the distillate,
The sharpness of the separation suffers little, but these distillatee are
not suitable for speotroscopic investigations, Dimpled glass columns are
unsuitable, ‘

Aocurate separation requires constent pressure, so that each
epparetus should be provided with individual pumps, Drawings of the apppara-
tus, pressure regulator, ete,, are given in Appendix 7, The temperature is
best regulated by regulating the pressure of the constant boiling point
bath, : ) N ' '

As en example of acourate fractionation the separation of equal
parts of o-, m+, and p=xylene may be cited, After two fractionations
about half of the o-xylene was obtained as a 95% pure product in the
last fraotion, the first fraction being an o-free mixture of m- end p=xylol,
The ternary mixture camposing the main fraction can no longer be separated,
The: determination of the xylene content is carried out by Reman spectro-
graphy, N N '

These oolumns are more effiscient than even oyr large plant
coluns, They were tested in the plant and gave at least the seme order
of separation, A
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The determination of olefins in hydrocarbon mixtures will now
be discussed, Our so-called chemistry of hydrocarbons in dye and pharme-
ceutical chemistry is in reality a chemistry of aramatic oompounds.
Craeking of petroleum oils and tars, the synthesis of hydroearbons from
CO and Hy and the products fram further processes give orude materials
oonsisting mostly of olefins, It is possidble to separate individual isdmers
from mixtures, such as represented by a craocked oil, by accurate fractiama-
tion, The separation of the individual pentene iscamers in a mixture is
given as an exemple, and it is hoped that similar methods may be applied
for the separatiom of thehexenss and heptenes, The problem cannot sampletely be .
solved since both pentenes and hexenes may be present in the seme group
and determined together, This problem hns been studied for the last
decade and Professor Mohr of the Ludwigshafen Research Laboratory has
tried t6 solve it by bromination and fractionation of the bromides, This
procedure was unsuccessful since bromine forms substitution as well as
addition products and, moreover, many of the substitution produots are
unstable, The addition of HBr was then used and it was possible by means
of this reaotion to separate the pentenes and the paraffins into four
groups, The reactiors of pentenes with HBr were studied by Michael and
Zeidler for the last decade, _ :

‘The olefins~paraffins mixtures are shaken with 4,5 N.HBr in a
suitable reaotion vessel comnsist of a V shaped tube with two amms
(Kppendix 11), the bramine addition determined (deseription of procedure,
Appendix 9), and the tertiary bramides formed by the trimethylethyleme and
assymetric methylethyl-ethylene decomposed with water and determined by
titration of the liberated HBr, All the olefins are then brominated at
0°C, with HBr and the paraffins separated in the other arm of the apparntus
and determined, Any isopropylethylene which mey have been originally
present ocan be caloulated from the determination carried out after the
decomposition of the tertiary bromides by taking into oonsideration the
transposition factor 2, The excess bromine then corresponds to that taken.
up by the strajght chain pentenses, Consequently, three pentene groups are
thus separated from the paraffins, nemely (1) tertiary olefims, i.e.,
{rimethylethylene, assymetrio methylethylethylene, (2{ isopropyl
ethylene, and (3) straight chain pentenes, (sse scheme, Appendix 12),

With hexenes, a fourth group is added (IIIs) between the isopropyle
ethylene group and the straight chains, i.,e,, the tertiary butylethylere,
Its bramide oan be seponified aceording to the Retrov pinscoline rearrange-
ment into 2, 3-dimethyl-2-butanol and this aloochol changes slmost com-
pletely under the sonditions into tetramethylethylene, Further details
are given in the analyticel scheme, This method was not used for the ,
hexenes, the seperation in the V tube being -incamplete, ' ]

A second method (Appendix 15) for tertiary olefins is ‘the selsce
. en vatalytio transposition of HCl or HBr on a PaCl, or BeBr, catalyst
fate y.8 olefins (¥riedrichsen), It is possibdle, %or msta.noe to sepe-
: s, *atively small amounts of isobutylene as halogenide from other ;
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A further proocedure (Appendix 16) is the Tausch merouric acetate
method., This reagent reaots rapidly with primary, secondary, and
tertiary oclefins, but very slowly with ditertiary and tertiary olefins

with adiacent quaternary groups, The reaction velocity can be messured

by titration of the libernted acetio ncid, (Table, Appendix 18), This
procedure ean be used to determine the amount of 2,4,4=trime thylpentene
=1 in the presence of -2 in diiscbutylene, Also, for exemple, it is

- possible to determine how much primary olefin, 1, l-diisopropylethylene

L1

10,

. - l - g - ] w ¢s the 2,8,4-trimethylpentene -2 , .,

. still contalns by the water splitting of 1, lediiSopropyl ethanol

SRR i

AY

Dienes interfere in the analysis of olefins, partieularly in
"8 qked products and must be determined and removed, Peroxides must also
BS mgved before carrying out the distillatien sinoce they interfere with
the .guhe analysis, . . -

. The 'dienes (Appendices 19~28) are removed by the stepwise addis
bi“’- Omaleic anhydride and separation betwsen emeh addition, identified
Y Biot.reactions or reasting with phthalic acid and determined,

' 8 pointed out by Dr, Kosh, the ayolic dicnes can be determined
by adding.enaphthoequinone which renots only slewly with straight ohein
-Qienes \Mendix 19), The aoyolic dienes react with maleie moid, the
branched 4 ngg remcting first and the straight cheins last (Appendix
28 and 29), ‘These methods ocan be used for the separation and fdentifis
cation of %11 emounts of dienes in ocracked products, ’

Yhe the dienes are present in larger concéntretions and the
diene hes bee ijentified, it oan be detormined by the titratiom of the
malels acid paguced by the water hydrolysis of the uhreaocted maleic
enhydride (Appuwaix 30), |

: . The devmminatien of isomers of saturated pareffinic hydrocar-
bons. 1s particulily difficult but in meny cases very interesting as well
88 of great indusrinl importance, For instance, in the analysis of
1sooctane to be yeq fop aviation gasolines, the determination of 2,4,4~
trimethylpentane (ioh gives the product its high octane rating) is of
great importance, ignce the paraffins are not very resotive their mole~
oular spectra has ben uded, particularly the Raman effect, for their
determination, The man spectrum oan be used for nonaramatios, when
not more than 3 oampmmds are present in the mixture, A number of tech=
nical isooctanass were ‘s investigated ip order to explain umexpected
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differences in their octane number values, The 3 samples mentiomed in
Appendix 86 were fractioneted in the Oppau epparatus and the fractioms
examined by the Ramean teashnique, The date in the table showed that Sample
II is composed mostly of a. single camponent whereas I and III oomsist of 2
canpanents in different amounts and appeared as important impurities in
the first and last fractions. The main canpanents were identified and
determined by Dr, Timm as 2, 4, 4~ and 2, $, é-trimethylpentane by Raman
speotra and identified by their refraotive indioces., The first has an
octane number of 100, the seond was identified here for the first time,
and after its synthetio preparation, was found to have an ootane number
of 96 (Appendix 35). The impurities whioh lowered the octane mumber of
Sample III were found mostly in the last fractiom whioh, however, contained
also the largest amount of 2, &, 4~trimethylpentane the octane number of "
which (96) does not produce any signifiocant disturbanoe, .

. The next question was how to determine the cempositien of the .
;e‘uure oil fram the CO-H_ synthesis, .These products oommtain, besides
drocarbons, also oxygena%ed oampounds such as alcohols and acids emong
% ors (Appendix 41), Methods for the separaticom of aloehols and acids
UP , C4 are known, The phthalis enhydride procedure (Appendix 42) for
the ,termination of higher aloohols and, in general, the hydroxyl number,
inat 3 of noetio enhydride was uséd and found to be satisfactory, After
SOPAr jon of the esterified acids, the latter are transformed into methyl
estert y the addition of diasamethane (sinee .these esters hydrolyze less
than & ggetie esters) and the excess of unreacted phthalic anhydride

oan be . 441y determined, ‘They are also less soluble and ¢an be more
08811y Lyrnted fram the hydroocarboms, S

The oau_pooi.t.im, of an o0il is graphiocally shomn in Appendix 50
end & oam-jen for several oils is given in Appendix 51,

: s in\uf be kept in mind, however, that genersal spalytical pro-
cedures for .on prpducts cemnot be given and that suitable proeeduros
must often L yorked cut to suit individual oases,

< : This is a 60~page report including appendioces found by
the writer In"Fggtor Muller-Cunradi's office at Oppau, The report itself
is really a sW.py and has been campletely translated abovh, It should be
noted that many ¢ tne procedures are now and consequently should be of
;’:;a.: mte:t'eat ) industry, Attention is partiocularly oalled to the scheme
for ;g&?tins 8¢ of the Cg olefins, also the phthalic anhydride method
desorb de ermineon of hydroxyl number, Proocedures and apparatus are
| ed in the igendices which should be fully trenslated,

frean , & Reports Nos, } to 45, inclusive, were abstracted
Re'elqnoae;i ;;ﬂﬁ Mg, No, 3043, i‘o.rget 30/4,02 - lLeuna; Report No. 46;
F . : | g ‘ B}
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