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A,

I, SUMMARY
Plant visits were osrried out while the war was still in progreas and
nene of the German research analysts could be located for interviews,
B. It was found later by interviswing routine analysts that most of the
research on analytioal problems had been ocarried out by I, G, Farbenine
dustrie techmioiens at Oppau, Ludwigshafen, and Leuna,
C.

D.

A large smount of analytiocal documents have been evacuated and are
being miorofilmed, S h

\

The first miorofilms have arrived in this countrys these ineclude both
routine prooedures and many research analyticel reports, :

Abstracts of the research reports and the writer's camments are given,
The following reports are of special interest:

Ss Analytloal determination of gas mixtures, in partioular those
oontaining large smounts of geseous hydrocarbons,

4. Volumetrie determination of two olefin groups.
6. Report on a oanference on molegular speotra,
7. Isoprene determinatiom,

9. Determination of bramine No, in benzine. and other olefinie
s_olutima. »

10, New infrared method for gas snalysis,
11, Researches with the elesctron microsaeope,

12, Determination of nitrogeh in coals, tars, oils, bengines, and
similar products, ' '

14, Researcnh an benzines of high olefin content, partioularly on
~ determination of the arcmatic content.

16, Determination of aoetylene and hydrocarbons in liquid oxygen

from the Linde apparatus. . ' ‘

16. The determination of olefins and aramatios in hydrocarbon '
‘ mixtures, '

19, Datsminatiai of sulfate in sulfonated detergents and wetting
agents, ‘ o
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21,

25,

26.

27,
28,

29,

54.
35,

36.

7.

38,

41,

44,

46,
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A new method for the oxidation splitting of ozonides,
Preparatim, properties, and camparative capillery chemistry
researeh on eight sulfonates and sulfates derived fram
hexadecane,

The volumetry of nenwideal gases, The mole volume of butadiens,

Camparison cr various prooedures for the determination of
olefins,

The ultraviolet colorimeter, a control apparatus for tho
determination of phenol and other substances,

Analytical methods for Mersol, Meraola'be » and wetting agents
containing Mersolate,

Detominatim of very small emounts of carbon disulfide,

Method and apparatus for the water vapor determination in gases
by means of caloium nitride.

The physiocal-chemical prinoiples of extinctiou npoetrography
and its uses in visible and long wave ultraviolet light,

Eff:loiency of laboratory columns,

On the nature of the aramatioe hydroearbons present in pre~
hydrogenation products,

Quantitative determinetiom of ethylene oxide,
. Research on the determination of xylenols by bromimation.

Investigation on ketone oils,
Determination of benzoyl peroxide,
Analytiocal separation of hydrocarbon mixtures,

New methods for the isolation and Mentif‘ioation of
“hydrocarbons 1n mixtures,
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IT, INTRODUCTION

Early in 1945 a group of petroleum and fuel technologists fram
both Englend and the United States investigated the present status of oil
technology and research in Germany, This mission was carried out under
the sponeorship of C,1,0.5. (Cowdined Intelligence Objeotives Subcammittee)
and with the cooperation of the British and Ameriocan Armies in the European
Theater of Operations, ' : '

The investigation oonsisted ofs (1) examinstion of synthetio-oil,
refining, and other plants related to production of petroleum produots as
- previously ocutlined in a target 1list, ?2)_1nterragnt’ien‘ of German technical
and administrative persormel cemnected with these plants, and ( 3) capture
end exsmination of records, reports, and other doouments relating to this
industry, -

: , As & member of this mission, the writer's duties were generelly
similar to those of other members, 1404, investigation of plants and labore-
tories, but particular attention was paid to analytical chemistry which
heppens to be the writer's field, It 1s well known that greet advances have
been made in this field during ;the war in the United States, partioularly on
hydrooarbon analysis, snd it was felt that possibly the Germans may have
made similar discoveries and even developed new prooedures, which may be
very useful and might lead to further advances in our oil technology.

IIl. PERSONNBL ggmvm

-The writer, having been in the field since the middle of Maroh,
1945, henoe while the war was on, found practioally no analytical persomnel
to interview, :This was likely due to the fact that scme were hiding and
the majority had retreated with the Germen forces still fighting, Moreower,
most of the analytieal laboratories seemed to heve borne the brunt of the
bambing, helping in the general dispersal, of the staff, One chief analyst
was found, Dr, Thies of the Chemische Werke Essener Steinkohle, A.G, at
Kemen (near Dortmund, Ruhr), a Fischer~Tropsch plant, Dr, Thiss was found
to be quite cooperative and answered questions freely, The plant had been
fearfully banbed, and there was only part of the ges leboratory left, With
the exception of some of the most important papers, which were found in an .
air raid shelter, practically all records had been burned during the raidsand the
rest destroyed by liberated slaves three or four days before our visit,

Answering questions, Dr, Thies stated that his staff numbered
about 100 when the plant was operating at capacity, His organization did
no enalytionl research,(all sush work being done by 1,0, teahnioians at
Oppau, Ludwigshafen, and Leuna) its functions being omly for plant comtrol,
The laboratory procedures had been ocampletely destreyed, but he admitted
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that he had copies of his own at heme and produced them the next day, These
methods, which were develeped at Oppeu, were inocluded emongst the documents
colleoted at the plant,

- The statement made by Dr, Thies regarding analytical research was
ocorroborated by other technioians in several other plants., It was also
pointed cut that the bambing for the past ome and a half years had been so
severe end so oontinuous that all available techniocal help was needed to
keep plants in operation and that no research work could have been carried
out with any degree of sontinuity, .

The writer also talked to Dr, Krefcr. Chief Anslyst, Dr, Eng, H,
Braucker, (in charge of the gas laboratery), and Dr, Lelmerm (in charge of
the optieal laboratory) of the Hlls (Ruhr) synthetic rubber plant. This
plant, which was not listed as an oil target, was nevertheless visited by -
the writer, who hed heard that some snalysts were still around. The plant,
which was well cemouflaged, had been oamparatively little demaged except

for the ananlytiocal laboratory vhich was partly destroyeq. The gas labore-
tory had not suffered much, ‘

Dr. Braucker stated also that.all snalytioal research had been
carriéd out by the I,G, Flls which was using the Leuma method, & prosedure -
similar to the Shepherd Porter, for hydrooarbon analysis, BHe had one ‘
manually operated Podbielniak column. The Lewma method requires four hours
for a C, cut separation end six hours for the out analysis, Total unsatu-
ration Is determined with bromine water and isobutylene with 70% H,80,.
Sulfuric aocid and silver sulfate is a reagent also used for this détermina~
.tion, Malelc anhydride is used for the detemmination of butadiene, The
method used for the analysis of the Pixed gas out is of interest, Oxygen
free nitrogen is used for flushing the pipettes, This is prepared by
bubbling the nitrogen through water sontaining yellew phosphorus, Unsatu-
rates are removed with bromine water, the hydrogen and CO are determined by
oambustion at 270°C, over aopper oxids, and the remaining hydroearbons
(CHy + CoHg) by burning over copper oxide at 760°C, Total time, one hour,
a8 oampared with two hours for the Burrell apperatus, '

‘ The optioal laboratory, which was untouched, was used for routine
control, There was a Zéiss nephelameter, a 2eiss infre-red,and a Zelss
emission spectrograph, The infra-red techmique was used entirely on [
analysis, the besic physiocal data being obtained fram Oppau., No Cg anslyses
were carried out, but much work had been dome on dimcetylene which could be
determined by either ultraviolet technique (bands at 2430, 2315 k) or
gravimetrioally with either silver or copper nitrate, The emission
speotrograph was used for determining impurities in metals, catalysts, and
water, Methods have been worked out for the determination of the following
elements in oamparison with the following lines of the iron spectrums
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Vanadium $110 _ _ 3088
Molybdenum 2896 ' 2828
Chromium 2677 - 2689
Nickel 3474 - 3399
Copper. 3274 ' 3287
Manganese 2933 5062

Methods for gas analjlié also the diacetylene absorptim speotrum
were obtained and included with the dooumehts collested at Kamen, ‘

. A visit was also made at the Keiser Wilhelm Institute fur Kohlen=
forschung, at Mulheim, Dr, Koeh, who ocarries out whetever analytiocal work
18 necessary, stated that he had tried two prooedures for the separatiom of
@~ fram pwolefins, both being satisfaotory, The first method (by peracetio
acid oxidation) was developed by Bosoken and Sturman, Rec, Trav. Chim,
Pays-Bas, 66, 1034 (1937), A better and quiocker procedure is by the use of
merouric acetate in glacial mcetis meid, The a~olefins form a oampound end g
give a lower layer, while the B-olefins remain in the upper layer, In the
sooand step of the treatment with merouric acetate, the upper layer is
oonteocted and a new lower layer is obtained, This time 1t oonteins the g=
olefins, The treatment is oarried out et roam temperature, A oamplete

desoription is given in doouments evaocuated,

IV, PLANT AND LABORATCRY VISITS

)

, The following planti were visited, With the exoception of Huls,
the analytical laboratories were either oanpletely destroyed or had been
" 80 well evacuated that only empty benehes were left, - :

1

1., Oppau : I, G, Laborntories

2, Ludwigshafen - 1. G, Laboratories

S, Gelsenkirchen-Nerdsen (Ruhr) Gelsenberg Benzin A.G.

4, Soholven~Buehr (Ruhr) Hydrierwerk Scholven A.G.
- 6. Bottrop-Welheim (Ruhr) Ruhr Ol A.G,

6. Castrep~Rauxel (Ruhr) *  Klocknerswerke A,G,

7« Kgmen-Dortmund (Ruhr) Chemiasche Vierke Essener S8teinkchle A,.G.
8, Mulheim {Ruhr): Kaiser Wilhelm Institute fir

’ Kohlenforschung

9. Duisburg (Ruhr) ‘Gesellschaft flirTeerverwertung
10, Sterkrade-Holten (Ruhr) _ Ruhrohemie A,G, '

11, Witten (Ruhr) ' Deutéche Fettasaure Werke

12, Amsterdam (Holland) . Bataafsche Petroleum Maatsochappi)
13, Balingen (Wurtemberg) ' Shale plants

14, Autun, St, Hilaire, Seversc (France) French Shale Plants
15, Selzgitter, Reelkirchen, Germany Ruhrchemie A,G, (Dosuments)
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Generally speaking, the analytical laboratories appeared to be
well situated (too welll) with regards to locations in the. plents, - They

‘are very spacious, a faoct which Ameriocan institutions ocould well afford

to remember,

V., DOCUMENTS

m

i

Very large quantities of doouments were eveouated, These were
very roughly sorted in the field or at night at the billets (when light was
available), then sent to Latdon, Moat of these docwments were cbtmined from
directors' or from chief engineers' or chemists' offices, While the writer
did a great deal of domment sorting in the field, eareful resding could
not be dome at any time, due to ladk of time and faoilities, Many bags have
Aot yet reachsd the bape at London where the centents are being microfilmed.

Some of the mierofilms have juat arrived in this cmmfry and the
writer has had the opportunity to view one reel with many analytioel reports,

~ These reports have been abstracted in the attached pages and the writer's

camients follow same of the summaries., In view of the fact that these

~abstracts represent only s small portiom of the total aveilable informetion,
- this report is only a beginning and will be supplemented by a pumber of
- additionmal reports when the miorofilms will have been received, There will

be, in addition, a large volume of routine prooeodures which are of omm-

- siderable interest and should be translated later,

A method for the determinatiom of mono~- s di-, and trimethyleamine
in the presence of large amounts of ammonia (B0-90% by weight) has been
worked out, It was first necessary to increase the otmoentration of the
methylamines, This is carried out by absorbing the gasecus mixture in
methanol saturated with HCl, whereby 5/4 of the samomia is precipitated -
out as WHgCl, the remainder and the methylamines réemeining in solutiom in
the methanol as hydroshlorides, .

Three methods were tried for the emmlysis of the hydrochloride
mixture: (1) I,G, Method 413, (2) a mathod recently developed by Dr,
Fleming at Oppau, and ($) the Briner and Osnéillen pregsdure, Method 3
has been selested as best end gave results within 1% of the true values,

2

RESIRICIED

L4
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The Briner and Gandillen method is desoribed in Helvetioca Chimica
Aota, Vol, 1, XII,L 1931, page 1283,

- 2, Resshroh on the determination of impy
by fraotional distilletion, Leums, December 29, 1933,

A distilletion proocedure has been worked out for the determination
of impurities in acetylene produced by the action of the eleotric are on
methane, The presence of ethylene, ethane, propylene, propane, allene,
allylene, €, hydrocarbons, vinylacetylene, dimcetylene, and same hydro-

" . oysnioc acid was deteoted,

‘The distilletion is oarried out in a Leuna column whieh it is
olaimed is as effioient as a Podbielniak column, (Wustrow Merseburger
Bericht, Vol, 6, 4, 1933)., Synthetic mixtures were prepared at Leuns and
subfected to fractional distillation, The operation was oarrisd out at
30 mn, pressure, The data show that the mixture can easily be separated,
the anly difficulty being the separation of vinylacetylens frem discetylene.
Results and distillation curves are given, ineluding the vapor pressure
ourves of the pure hydrocarbons, The identification of individual oom-
ponents was not always too easy., This was cerried out by determining

-physical properties such as veper pressures and densities (Stoskebalance).
These determinations were carried owt (in fractions oentaining more then »
one individusl components) before and after removing olefins also before
and after removing acetylenes by ocoppsr-emmoniwm solutions.

3. Analytiosl determimetion of gas mitures, in particular those oontain-
ing large mowts of gusecus hydromrbams, Dewss, April 5, 195,

This report is divided into the following sections:

A, Short intreduction and desoription of the present apparatus for gas

analyses,
(1) Drehsohmidt apparatus for the analysis of hydrgoarbon free (7)
. gas mixtures, ,

(2) Stosk apparatus and method for the distillatiom and olosed
fraotional oondensation fer the separation of gas mixtures,

(3) Method for the separation of gas forming hydrocarboms by frase
tional distillation in a column apparatus, v '

. B, Desoription of improvements in the column apparatus,
(1) Apparatus modifications,

(2) Apparatus and proeedure,
L
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(3) Test analyses,
Ce Sumsary. |

A (1) Drehsobmidt awmm for the analysis of hydroesrbon froe gas
mixwm. v » :

When an exaot analysis of a mixture of gases is required, the
Drehscimidt apperatus is gemerally used, As 1s well known, a measured volume
of the gas is passed through KOH to remove co, (the presence of H,8 and so,
requires speoial methods), then in the phoaphOorus or chromous chloride
Ppipette to remove axygen, The H and CO are then determined dy freotional
oambustion at 270°C, over Cu0 and the CHy at T00°C,, while nitrogen remeins
in the gas. .

When higher hydrooarbons are present in the gas, the unsaturates
are determined by ebsorption in a bramine pipette, before the oxygen deters
mination while the higher saturated hydrocarbons are burned with the methane,
The amount of methane can only be determined with acocuracy when the higher
saturated hydrocarbons oconsist only of ethane, ‘ ‘

Consequently, the Drehscimidt apparatus will give only the total
emounts of unsaturated and saturated hydrocerbons (unless the latter con=
sist only of two campements, i.e,, methane and ethane), Moreover, the
presence of higher hydrooarbons will affeot the acouracy of the results
since errors are introdueed by the inoreased sclubility of these oompounds
into the reagents, also some decomposition will take place in the 270°9C,,
heated ocopper oxide tube, thus giving higher CO values, '

_ For these reasons, in our laboratories, only those gases whieh
are free from higher hydroearbons are analyzed by the Drehselmidt apparatus,
When present, these higher hydrocarbons are separated by oomdensation, When
1t is only necessary to know the total volume of the hydrooarbeons present,
only one volume measurement is necessary, Generally, however, ‘the total’
emount of unsaturates and saturates are required, For such purposes, we
have used,until very recently,the Stock diastillation method with frac<'
tional condensation in the Stook high-vacuum epperatus, This proocedure
allows the separation of'Hi, » €0, CHy, and Ny frem liquid hydrooarbons
oondensed by means of liquid nitrogen. The condensate is then slowly
gesified into reeeivers held at various constant tempsratures (Cg and
higher in -100°C, bath) butene (~126°C, bath) propane and prepylene (~=150°C,
bath) and finally the C, hydrocarbons are also condensed, The acouracy of
the separation depends upon the accurady of the bath temperature (toler-
ance ¥ 27%), . : ‘

The various fractione in the individual baths are then gasified

and the total umsaturates determined with bromine water, Wnal control
is made by determining the moleocular weight with the Stook balance; the

RE 8 ITRICTED
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error should not exceed ¥ 6% ocalculated on the hydrocarbon. The Stock
proocedure gives best and quickest results when the smount of oondensate in
each bath is not too large, PFractions larger thean 100 co, gas must be re-
-duced, This is objectionable since with mixtures rich in higher hydrocar=--
bons, it is often diffieult to obtain suffiocient sample for a Drehschmidt
enalysis, ‘

To overoame this objeotiom, a oolumn apparatus has been devised
whieh gives satisfaotory results (1), (Accursey % 10% on individwael hydro-
carbons), Deseription and drawing of the apparatus are given, also distilla-
tien ourves,

Commonts: The. first section has been translated in full sinoe it
gives a nge of the gas analyticel methods used by the Germans, The
. Leuna proocedure ssems to be generally used in other German laboratories., It
is similar to the Shepherd-Porter method which has been superseded by the
Pod‘bielniak diatillaticn in the United States,

§

Attention is. oallod to the Drohsslmidt procedure, partioularly the
final CuO cambustion at 700°C, The laBeratories at Castrop-Rauxel and also
Scholven used a temperature of 750°C, Both laboratories, also Gelsenberg,
olaim a total time of 40-60 mimutes for a oomplete enalysis which compares
very favorably with the two hours gemerally required by uaiug the Burrell
a.pptratus and the slow cambustion pipette.

4, vOmmtuo determinatian of tvo olefin £roups, Louna, Meroh 28, 1939,

‘This prooodum is besed on the Tautz method, whereby the olef‘ins
react with merouric acetate, liberating an equivalent amount of aoetic
aoid which cvan be titmted. -

It has been fmmd that olefins of the follewing cmﬁguration
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ouric aoe'bahe within one ‘minute, while' olefiné such as ._ . . | N

. . .

| l. I - _ , resot muoh more slowly. This

‘-—a—-.: —Q-Q—’ .—-‘-o—oq-o

|

difforenoe in behavior has been used as a basis for evaluating the first
olefin group, The method 18 quite useful for determining the purity of an
olefin, Curves showing the reaction times of olefins with merouric acetate
are given,

Camonts: .This procedure is of interest and should be tested an
Cb olefinﬂ.




