- - The material in’ thia Item 1o Qerived from ‘the ‘same sourss as
Lo I, Gelsexi‘berg Benzine. Ino., Uut from & file coverlng a later poriod.

, 8ub~Items 1, 1a. 1b. 2, Za. 3. h. 5 and 6 d,eai with a.nalysia and
inspection of coal, for:the most part by microscopic terhniques, The: -
rovievers did not feel competent to Judze the value of ' this information to
‘the by-product coal industry, but have labeled it as being of no value to
potroleun company laboratories, The u. S.«Bureeh of ilines nay. be mterested
- 1n seeing this materia.l, »

CODED I¥

Sub~Item o " Mo. of
" Yo. Title ) nges

] Quantitative petrogrephic complete coal’ analysis (no value)
‘la  Fusite determination with a comperison microscope (no value)
1b  Fusability of Coal-Research Department method. (no value)
2 . Uicroscopic iron pyrite- analysis (no value)
22~ TFineness structure of coal by means of com:parison microscope'
- (no value)
Petrogrephic coal analysis (electris inte ation) (no value)
Electrical conductivity of coke (no. value?r
Hicroscopic enalysis of coke (porosity, etc. ) (no value)
Coal semm profile analysis (no value)
Patent Application: geparation of aliphatic hydrocar‘bons
and oxyzen compounds vith urea (translated) o
Satent Application: continuous messureient and recording of 14
Yoiling end gravity during distillation at constent heat, )
input (meumatic—hydraulic uith photoelectric, drive)
- (trenslated) : . : .
9  Unidentified sketches (no value) - S 6
10~ Deternination of smgll amounts of acetylene and hydrocarbons 13
" 4n liquid oxygens Linde Plant (translated) : ,
11 Blementery sulfur 13 0z and Oy (trenslated) -
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Miethod for Seperation.of Aliphatic Otygen-Cohtaininb Compounds
and of Straizht Chain Hydroearbons of at Least O G'a.rbon Atoms fron ilixtures

k Gonta.ining Then.

"The method is based on the 1mowledt,e that aliphatic oyy(,en con- -
taining qompounds and straight chain hydrocarbons combine readily vith urea
to forn well defined and vell crystalizable adducts vhereas branched hydro~
carbons gre indifferent to this treatment. A minimun chein length of 6
carboh atoms is e prereouisite to the reaction.

"The adducte so obtained mey ve senarated into their components
v'by» heating or by addition of urea~solvents, as for instance methanol and
other lover aliphatic alcohols, but most readily by vater or -agueous
golutions, -By using \later oné generally obtains & prompt separation of an
agueous solution of u.rea, from the pure oxygen containing compound or hydro-

carboy’ that forms the upper layer..

"This ovledge, t] en. ig the. h\ueis of the present invention
according ito vhich one! ey separate a}lph{)atic okygen-gontaining conpounds
or straight cha.ih—hydr‘\ucarbm\ns fron mixtures containing them by adding '
" urea, sepa‘mating the a\ﬂducts or'.eql by decantat!.on. ﬁthration or similar
means,- and then decompdosing he adducts -into thFir conponem\s by heating
or I}y addi[tion of urea solvem;ts. \

e



"Oxygen-containing compounde found to be: sepera’ole from mixtures
are for 1nsta.nce' "

Octanol. primery a.nd secondary
Oetyl alcohol '
n-Deoyl alcohol

Ga.proic acid
Caprytic acid
Undecylenic acld

=0lelc.acid. .
Heptyleldehyde ‘Palpitlo ecid
Yonylaldehyde ~St;ea:ric acid -
"Décyladehyde _
Undecy’].aldehyde 'Pelargonic ester

Oenanthio éster
hethyl-Nony:L Xetone
hethyl-Undecvl ketone

A ) apply the nropoeed process. one ney bring eny nixture ‘con="
taining the materials mentioned together with.a concentrated solution-of
urea in vater, methanol, or ethanol, and the like. The solid crystalline
Ledducts vill then seoarate out; thorough aixing will enhance the reaction:.
The adduct is separated and split into ite componente upon addit:lon of

,uater or aqueous solutions,

: "In this way one may isolate hihgc* er alcohole such as are en-
countered in the crude state in the producte of catalytic proceesee or..
fermentation processes. ' ‘

#The method is, moreover, suita‘ole for the decomposition of
: eeeentialooils. Thus methyl-nony1ketone nay be separated from rue oil.

, “The compounde vhich urea forms uith higher alcohols aldehydos,
ketonee. acids, and esters by the present method are presumably molecular
conpounds. In eny case, the enalysis in mogt instances has shown the
composition to correspond t0 & conplex of 6 urea molecules a.nd 1 molécule of
the other component. .

v "Thé formation of these compounds may in many cases already be
observed under the microscope with the smellest of quantities, Thus by
DPlacing a drop of ‘octanol on a hollow ground slide and adding some tiny
- vrea crystals, one ney in a fev moments observe lonb fine needles shooting
“ ont between the comparatively coarse urea crystals, After a few/mimutes
the.urea cry‘vst'wle are_covered by nunlierless fine needles suggestive of a
magne E covered vith iron filings.' The rat‘e of formation of these adducts
‘veriey-uith ‘the naterials. In the case of ‘the estors ITinveetigat’ed&," the.

‘rate ¢f forzﬂla.tion ie 50 great
under | the- mi,croscope fask enouy

| formation of long fine needles

that 18 1s alfficulk to zet the

1y attractive obse\rvntiou is th
of adduct at the surface of cor

"| compldtely qnverigbhm. An egual

trace |of tie abo e‘-mentiv ned
N1ly tck a conpantra ed al%

r;eriale, euch as p largm‘ ¢ est
t

oholic solution of urea. ‘,

h to recognize the urea érystals; they are " ‘

‘preparation .

e instentanepus
tact uhen a
er, iej added
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"Another important aspadt of the present diacovery 487 the
separation of straight—from bre.nched chained: hydrocarbone in mixtures of '
drocarbons. This: sepa.ration ig of particvlar technicel interest because
“the. ‘branched. chain hydrocarbons,: ouing +0 their entiknock valve nake ideal ;
fuels for gas carburetor -engine motors, euch a¢ aviation motors. Thei.
“straight chein hydrocarbons. on the other hand. oving to their ignition
quantrare :prefered for"dteee]rmotors

"The nethod 13 also of :lmportance in the production of 1ubricat-.
in,g 0ils since the straight chaln coriponents. generally ‘ha¥e properties:
vhich are deqirable from—e-lubricating point of viei, iIt has been fotmd
that hydrocarbon mixtures of &ll kinds ney be processed in the manner -
described. As starting materials the followving mey be mentioned: liineral .
oils or th.eir frantions. that 1s,: gasolina, kerosene, gas o0il, dlesel o o‘Ll,_‘»
Earaffin -0l and vaselines.  Further, hydrocarbon nixtures obtained by dry
.dletillation of brovn-coal or of hard-coal, as well as products of destructive
-hydrogenation of brovm~coal, mineral oils and tar, and nolymerizad gasolines.
‘eracked gasolines and simila.r compounds.

"In proceasing these naterials according to the present method.
‘one nay treat themith-a saturated solution of uresiin methanol, The -
gtraight chain compounds. then precipitate in the form of adducts with urea
from vhich they are liberated through decomposition by heat or by addition

of ‘small amounts of vater. ‘The vareacted hydrocarbons, consisting pasentially .

of branched chain-compounds, may upon separation be ueed directly as fuels
(aviation gaeoline) of high antilmocl' value.

"Further experiments have ‘shown tlmt the amount of solvent used
may be considerably recuced. It is only necessary to add sufficient solvent
to. completely wet the urea. In this uav the snall amount of the urea .
dissolved will separate in the forn of adcuct so that u‘ea vill again dissolve
and react. Thus, one @ight say that nhe solvent acts ‘as catalyst. )

Exam)le l

"50 g. rue 011 is thoroughly ghaken vith 500 ml.' of & satirated

. aoueous or alcoholic solution of urea.  The resulting crystelline paste is
filtereu dry by suction and decomposed bv shalsing vith 200 nl. of vater,
wherebn the methylnonyl-l etone separates fron the equeous urea eolution.

oo

"y satur‘lated solutior\t of. urea in \methan&l or e\tthanol il ‘st once
upon eahaking produ're e crystalline adduct vith a drop of a-octane, ut not
vith. ieo—-octane If the conce:/tratio‘ 6 the urea 1s n " redv‘ced, e adduct-
is ‘decomosed int 1ts cormponents. True to| the n: ture 11’ such empirEcal
compounds, o\Ee ni pt say|that the addmct i8s| ‘stable only |in en ["atmosphere ¢f
conposes spontanecusly with vater and

upon dlry heating to yielc‘l n-oc%.ane

urea", It 4l

Similan'ly it dieaoqpiatea|

yields undltered p-octane,



Examle

. Kerosene or gasoline 1e eha.:en vith a\n oxcens of urea dieeolved
1n methanol or. 'ethanol. ‘The resulting sdduct ie filtered by suction and .
then heated or ’treated wvith gleohol or vater for eepamtion of.“ the normal
hydroearbons. The branched. che.in hydroear'bone are separated from the .
filtrate vpon addition of vater if necesgary a.fter re;noval of thé maln part;
of the’ eolvent. :

. Exemple y
.. 100 ml. test gaeoline (150-180°C) is stirred well uith 1}0 g. of
urea previously well moistened with about 35 nl. of methemol. Separation
“of the adduct is accempliehed after a short time, As in Bxample 3, the
latter is filtered off by suction and decoriposed. ' Thus one obtaine, as an
example, a’bout 409 normal- end about. 60,; iso-hydrocerbons, '

Ex@le ‘5

: 300 ml. paraffin oil is. vell ‘shaken or mechanically stirred vith
150 ml. of an- alcoholic solution of urea, The separated crystels are vashed
vith a fat-solvent. Splitting with vater then yields the normal hydrocarbons
- 4n the form of soft wax. The splitting of this crystelline adduct with water
i1s especially beautiful to vatch. Under, _the microscope one may see how the
small coarse ctystale vhen wetted vith a trace of vater fly apart almost
‘explosively to be replaced by numberless tiny oil droplets.

Example 6

- ~Normel~ and iso-hydrocarbons are also successfully separated from
crude oils; in fact the method is particularly useful in this case, On shal-
ing ciude oil vith an.alcoholic solution of urea, 3 different portions -are =~
obtained. The normal hydrocarbons present separate out as a granular nass,
carrying the tary constituents with it. 3oth may be ee'oareted by filtering
under suction until dry because the tar is carried vith the solvent into
the filtrate and mey be siphoaed off as it is insoluble in-the solvent. Or
" also: One filters by, gentle suction a.llowing only the alcoholic solution
to Lpeee. and then aft\br changing receiver applying strong suction| to pass
1;11(£ tar, | The }l;Lest of| the tit: is zemoved‘hby me%?m ofTa eui‘qaole solvent)

The iso-hydrocarbons \b.re isplated from the alcpholic|filtrete in fthe manner
descrived above. - F the ¢rude dil-has been seperated into 3 differen’b
groups of’ comonente,‘ namel%r 1). n-»hydrocarbone, 2) “tary comqaonente and |

3| iso-'hy‘fdrocarbons. ‘

| | "Thig metho

might therefore Te edva.ttageo+ s not ‘only for
purificatiion bvjfb also

in sc enti“i;c inve\;etigat on of'crude loils.
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, Loy Method for eeparation‘ of ozygen—containing aliphatic ,
'compounde or of ‘straight chain hydrocarbons from mixtures conteining euch.
characterized by adding wrea 1o these mixtures, separating the: compovnds
formied by decantation,’ filtration or similar means, and isolating the pure -
compounde therefrom by application of hee,t or by eddition of urea—solvente.‘.-

, “2) Hethod according to claim 1 for eepara.tion of alcohole.
aldehydee. ketones, esters-or acids of the aliphatic. series vith st Ieast
‘6 carvon-atoms, characterized by bringing miztures conteining them into
reaction vith urea, proferably in the pregence of- limited amounts of urea-
golvents such as vater or lover aliphatic alcohols, eeparating the adducts
formed from the 1iquid. and liberating the above mentioned oxygen-containing
compounde from the adducts by further addition of u.ree.-eolventa.

. "3) ‘Iethod ‘according to claim 1, characterized by bringing .
mixtures containing straight chain hydroce.rbons of at least 6 carbon atons
into rescfion with urea, preferably in the presence of limited emounts of
urea~solvents, separating the solids formed from the liguid parts and,
finally, liberating the straight chain hydrocarbons by addition of nore
urea-solvente. .

") Hethod according to claime 1 end 3. éhe.racterized by
) eeparating hydrocarbon—containing fuels: vie the urea-compound, inte a part.
rich in branched chain hydrocerbons, (hence of high antikmock value) and a-
part rich in streight chain hydrocarbons suitable as diesel 0il.

Signedt Dr. ‘Bergen
Frankfurt am Main - Eschereheim,
Yumns trasse 7 , "

' 8’ Patent Application: Continuous Heasurement a.nd Recordin& of .
oi;ing Point and Gravity Durinz Distillation at Constant Heat Input .-
(pneumatic-hydraulic vith photoelectric arive) (Tranelation)

"January‘ 3, 1944 . Hersoburg
1.6 Farbeninc‘luetrie‘ . :

oir Winber: | 02 1hse7  Ve/md
Indvigshafen A[R., Dec. 23, 1943

"A:‘ppare.tt‘ze for|the Rexcerdin of Boiling

\Curvee

|- In‘ the anufwture de refining oL petrctlewl, expeciLlly ghsoline
‘and liguefiefl hydrgcarborl gased, the most cmmon-{est of| the pkoducts is th
- constriction’ of bo! 1ing point curves. The so-called Engler dlptillation test.
is moet commtbnly used for* this purpoee. In, this mlethod e lnown, quanfity of -
. ‘gasoliqe in b d4stilling flask ds evaboratecl by helating with al gas £lame,

@

“m
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“The vepors are condenaed 1n 8 vater—cooled condeneer ané. the liquid .
‘collected in a graduated cylinder. The tenperature is measured by neahy:

of ‘& mercurisl’ thermometer” ‘fitted in the neck of the distilling flaslk, '.l‘he
-temperature and the quanbity of distillate collected ih the cylinder are
reed in definite time intervals and tabulated.: The boiling point curve can
“then Y& constiucted from the tabulated datar "“In"‘_performing ~“tho-test-it-ia—
‘especially important that- the ‘evaporation of the liguid in the flask takes
place at o steady rate. Usuelly the number of drops. Ta.lling in the graduate
per vnit time 1s.counted to determine the rate, and the gas flame lg- regu-
lated so 1% etaye eseentielly coneta.nt‘ - Co

. “However, even \rith vell-trained operatora, the uee of a con-
deonger cansed an-unavoidable Yag between the temperature end volvie meagure-
“ments, vhich cen often lssd to mistales. Furthermore, a. portion of the
© evaporated gagsoline ‘is not condensed with vater cooling so that a so-called
"éistillation loss" occurs. All these shortcomings ere avoided in the '
following invention, with vhich it is possible not only to read the seporate
measurements but also autonatically to record tbem on & diagram. : .

"The main “eature of the invention is the inmediate recording of
" the welght of the evaporated liquid during the distillation. Referring to
Figure 1, the disfillation flask 1, vhich has been fitted vith an electric -
: heater 2, 1s placed on a balance pea. 3. The balence bean Y carries a.
buoyancy bar 5 (aluminum). The latter dips in & pheunatically controlled
compensating liquic. contained in tube 6. Tho height of the liguid in tube’ 6
is governed by the pressure "P'" above the liguid in veservoir 7. This
pressure is due to the air or gas flov Q' entering through valve &, the
exhanst of vhich is controlled bv ‘the nozzle 9 end pressure plate 10. The
operation of the apnaratis: 19 es ‘follous: .

tAfter the electric neeter is turned on, the liguic in flask 1-
starts to boil. The evaporated liguid leaves the flask: through the open
cide arm ané ¢en be renoved o' suction if necesshry. Because of the evapo-:
ration of the lienild the veig,ht of the liguid remedining in the flasl: is
~ decreased and the nressure plate 10 begins to. oppose, vith slovly increasing

pover, the air vhich is flowing throuzh the nozzle-9. This increases the
pressure "PY.in reservoir. 7 enc. the compensating liovic’ in tube 6 vegins to
rise. : The rise of the liquic level in twbe 6 increases the bioyancy of the -
bar 5, and the en}lilibriun of the belance is restored. . The llguié level in
tube |6, and also Ehe pre%ssure "pH 1n}21eqerEoir 7l are tiherefoke str%ctly

proportional to the weight of leveporeted gasoline "G, It is therofore

easily wossible, by means ol the »ressure mecsuring device 11, to indicate,

or, as has been done here, to record the ‘ureight of the\; evapordted gasoline,
‘the boiling point curve e\}utormtically‘ uhen‘

It i‘.cw‘l even uoeeibl.e to record |
exactly the ‘be@erature of taermmetep 13, 1

the pen 12, is nade to 1"0110\/
the _dListimng £la0k: 1

E*perin\pnce hds shotn that) thie pan be ‘ldone Yy using a phpto- -
elect»rically;:ontibo’led compensating devick:~ In the cgse illustratbc the
pen 12, is connec‘ted vith the core 1‘1', of an 1n61\1ction trensnitter.|. By -
meand of ‘o differential transformer 15, end the roctifiers 16 and'lf, 2
'diffafence Eotent al ve F" is get up Et theL;esist ances (18 end 19, vhich
18 exactly [Linearly proportioral to.the position |of the carripge 12}
(Irote“by re‘friever‘? 16 and 17 grobably coma{br:'o, de rec; ifiera‘

igure

1 to % follpw, K/“M'h
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the: petential "e"_ , : ;
{ncraEsen:” mmmncmmmnwuwsw : -
compeneatin{, potentisl Yeg"; -and e ovrrent: flows in'the con rol. circuit 21.

vhich causes the plete 22 of ‘the mtllge.lvarzometer 23 to move out of the 11ght_;

‘path of the bulb ouy Therefore $he . photocell 25 ie 1 lvmine.ted more and
nmore, and ‘the enode-current J of: tube 26 decreaeee. . is a.node current J
gerves. to. control 2 collector ‘motor 27 'Thig notor’ turné by means of a
’yinion 28 ‘one c*rhinr gear of & reverelnb gear aseembly hile the ‘other:
driving vheel:is turned through pinion 29 in the onpoeite ‘direction by e-
:gychronouns notor 30 running ‘at constant. .speed.. The arrangement is ‘set up

o thet, with e definite anode ourrent, motar 27 has the same .rpm. as moto
-30. - In this ‘cese the principel shaft 31 of ‘the gear. _aggenble 1s at. rest.

) Uhen, hovever, the enode current d increaeee above_ this nonine.l value, motor
“27 runs faster; vhen J decreases, as. 1ndicatec. above, motor 27 rans’ slover:
‘ond the main- shaft 31 of the gear assembly roves the pen—carriw,e 12, v
measis of the sprocket 32 and chain 33 in the direction of increasing’
temperature. By the movement of the carriage 12, hovever, the potential "eg"
is .increased until Megh §4-again eocual to the control potential Tel finish-
ing the compenee,tinv proé%dLl'e.-

"The chert carriage 12 is thue nade to- follow vith great precision

the potential -"e" of the bridge 20, as vell as the- te'aperature of_the -3
ther‘mmeter 13. Therefore. the weight of eveporated ligquid, as. measured in
manometor. 11, is inmedtately recorded on the chart with the change in

-temperatureg. ‘The' device is therefore cepable of recording the boiling eoint =

“eurves .qf liquide such as gasolines or liquefied gases. Furthermore, this~
apparatus has the edve.ntage, as.’ compared uith present practices, -that the -
‘recording of the boiling point cwrve is practicelly independent of -the rate
at vhick the liouid saple is evepore.ted excent that a definite maximum
rete must not-be exceeded, Thus it happens that the current of the electric
heater 2 cen remein constent throughout the whole evaporatim, nrocedure. '

. UYith the conetrvqtion e: plained ahove, 1t ir “poasible’ to record.
_the boiling point cu.rves ol any 'oroduct ith Lreat ageuracy and rood

Tepr oducibility. -

. “WIf hovever, txe slzeé and forn of the curve .ale 10t [too important,
experience las shojm that the device [can be| simplified in such e ray| that
the ngving of the paper. hert s not jcontrolled by the. teriper ture but. by the
; ve*ght, of ¢ e evap rebed | zasoline. chi a ponstryction |of ‘this inveption |.
has the grest advantage that oy ordinmary te n‘oerat\‘ e redorder (eee Fig. 3)
| can be; uged [to record the temperature of thpruomejer 2. The problem then
: ‘necomé}e one of ‘con rolll the J‘chert travel of theo recorder byﬁ the. pnevmatic-

/-\

hydraylic bdglence 3. This is. done sipply by installing |a rope pulley on the.

|ehaft s (extendod from the hongim; of| recorfler 1)



9=

L the pulley 1s: fastened & contact rod 6, uhioh dipe Anto the
:1igundd Ievel tube 7 of “the pneumatic-hydranlic’ ‘balance’ 3.  For.the control
of the cha.rt-drive motor. of_the recorder,  the alternating current of the-
motor is divided into tvo half-vaves by means of the one=\ey rectifier’s,
and the amplifier tube 9. The emplifier is vired so that, vhen the contect
rod 6, dips in the electrically conducting 1iguid of the tube 7, the
negetive potential is led off “the grid go that an angde Gurrent ‘71 flove
This forms vith the half-vave current J, o the rectifier § a normal alter-:
nating current vhich turns the chart-drgve motor of recorder 1, moving the
paper, and, ot the same time, raising the contact rod 6. 4s soon as 'the
contact rod no longer dips in the liguid, the nebative potential at ‘the
&F1d of tubae 9 is re-established The anode current J, is dlscontinued
and the chart-drive- motor of recorder 1 is suddenly gtopped by the helf-
wave direct.current J,. .Since the opening and closing of the conbact
takes place in extraordinarily emell steps (about 0.1 to 0,2 mn. in &
total dlstence of 200 mi, ) the paper vill be moved prectically continuouely.

-To move the contact rod 6 back after finlshing the experiment, the rope
'oulley 1'; provided uith a fri"tlon coupling ‘

' "'I'his manner of construct:.on of the apparatue hae the advantage
(as_compared to the method first described) that the rapid changes in
chart-drive rate present at-the start of bolling are avolded, because the
evaporatiod of-the liguid; and also the rise o the compeneating linui.d,
takes place at a rate vhich changes but 1ittle. _

‘ "The apparatus end methods described serve a very good purpose,
especially for the control of distillation equipnent, because 1t is now
‘possible to record boiling point curves sutomatically in the shortest
'oossi le time ~nd without specia'.LlJ trained personnel,

) "'Pntent Glaime

. Anparetue for the- recording of bo:.linu point curves of 1iouids or .

~ - liguefied gases, in such & vay that the welsht of the licuid evepo-

- ' rated ot constant heat input is measured or recorded continuously.

42, Apporatus, es in claim 1, in vhich is used & pneumatic-hydraulic
balance for the measurement of “the weight of evoporeted liquid,

"3 Appavatus, as in claime'l and 2, in vhich is used & photoelectrically .

~ controlled compeneatin,_, device for the movement of the chart vith '

chang,ee of the boiling peint temperature.

g, 4 parah 8, as [in claim 1 and 2, tn vhich is used an) ordin y tenper-

afure recorder, the-chert-drive of whidh is c[ontrolLed by | the
lc-hydnaviic balancp.

pheunat

. ilﬁ'arbenz‘induetn‘rie "
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10. Determination of Bmall .Amwnte*o Acet'lenee ahd I!"

aAro-"
carbons in Iiquid. OJC,YEQE from a Lind Id.nde Plant o R

. I. Determine.tion of Acetylene

") I\mdenental Gonsiderations and Method,

, The qua.ntitative determination of acetylene 1n 1iguid o,cygen‘
in the main condensers of the air separation pla.nts 1s cérried out as
followo‘ o “ . s ‘ .
. . i

The acetylene~containing ‘oxygen fi‘om the ‘main condensers is
filled in § 1. copper vessels (in the plant generally called copper cans),
These. are alloved to stond ‘open £or some time vhereby the ﬂajority of the™
oxyeen vaporizes into the a.tnos-:here. vhile the total ecetylene remains
in the rest of the liouid oxygen. After this the copper coan 1s closed
and. the va:porizing oxyten uvith the acetylene is pasked throuvsh a.series
of wash bottles filled vwith sazmoniacal copper salt solution, so-called
Ilosvay's solution, (designated in the following as I- solution). -The-
cuprous salt, vrepared by reduction of "cupric sallt with hydroxylamine -

-react&with acetylene glving a-cherry-red— nrecipitate of cuprous acetylic’le,
presunably according to the eouatiou,

This oreciuitate is vashed ucll and. dissolved in a solution of ferric
sulfate. ' ‘ s :

CugCy + Fop( SOi;‘)‘; + HoS0Y =" 20uS0y, + 239501; + Opllp

The formed ferrous sulfate is then determined vith 0.01 ¥ potrssium
permangenate solution. Since pro mol acetylene 2 ferrous ions are formed,
1 m}, 0.0l ¥ KnOYy solution corresponds to 0.13 mz. acetylene. The amount
of acetylene found vas origlnally present in 51, 1iouid oxyzen, ’

. The acetylene content in the liquid oxygen from the mein con-
. densors of all the Dinde nlents in Luduigshafen should not exceed 2 mg. / 5
1, of liouid oxygen (see P"rayraoh 9 of the special directions for the
nitrogen end oxyzen plant). -In the liouid separators of the Krypton °
enrichment columns, vhich are located in cellars between speciel prd-

tective valls, the acetylene content can increase to a naxiaun of 5
10 mg. per 5 1. liouid | t cen) Yormally ar acetylene \Tetermnation shoulF
be mpde every ! hours on each| amare tus and if f\.acee" ary, vithin g orter

time; inter\\hls,

w) Procedure.

The 51, copper.cang are ¢

vlindrical and haveL.on top & copical ’g

open ‘ng vhich can be closed with a rubber stoppey. Thev have a conper siie
tube which each_ef almogt to the notltom. ‘hrout) the jubber \stoppe lead
a gldss tubing vhlch connects 'the coppor chn vith a pre\iesure releasp vesssl

‘the I-solutipn, The

and from there vith the gas vashing ‘oottle\s contu\aining
such a\‘ manne that‘ :

£41ling of tho cens on'the & I,;aratue‘ has tw‘o be nede in

l1kls -



e

'-fthe igndd, oxv‘f,en ) ‘,:lntroduce‘d'*rjﬁic'ly‘ R T A o'verflmm. “In-the
.spontaneoue emporation vhich v h-5 1. 1iquid oxygen. requires approrimately
one hour, the formed. gaseous oxypen is released to' the a.tmoephere ag long

ag liguid oxygen cores ‘out of the copper side tube vhen’ the cen is closed.
momentarily. ‘ If this is no longer the: case, the’ copper con s conpected -

to the pressure relesse ‘vogaol (glass cylinder vith glass tublng reaching
‘alnost-to-the »bottom)u»wmheA&tter~isw£ined4:ithalci.nm chloride_solution
in order to prevent freezing. . As long as excess presaure 1 maintained,

1t in released by the. blov-off tube. Ar soon as ‘the pressure decreases,’

the vaporlved oxygen ané acetvlene is ppssed throul_,h the I—solution. ,

. This aolution is prepered fresl}_lvy for each analyais by mixing
the following solutions in the order ngmed: 50-ml, of 10% GuSOl; solution
(designated in the folloving as solution I), 20 iil, of 20% NHy solution
(desiznated as solution I1),-100 ml, of 15% HH,QH* 0L solutio (des'lgnated

28 ‘solution III)) g0 ml. of distilled up,ter.

These 250 ml. ’ distributed in five Zes washing Yottles, normally
-last for the determination-of the anety’lene content of five liters of
lionid oxygzen. The reagent should have 8 1ibht blue golor which darkens

on shaking.

The cuprous acetylide vhich is- forned is transferred quanti-+
tatively to a sintered glass Suchner funnel and is-Zirst vashed vith a
1.25% armoniacel wolution of hydroxylemine hydrochloride (wash solutioa)
.end then washed vith distilled vater until a portion of the filtrate will

‘not discolor one drop of 0.0l I &kinQy, solution. ' Then the-precipitate is
‘d1ssolved in 20 ml. of nea(SOu)ZI solution (called iron salt solution in
the plant). This is done by 2dding the iron eelt solution slowly to the
precipitate on the filter crucible, After. complete solution, suction is

- apolied and the crucible is- washed thoroughly. To the solutlon, phosphoric

acid 1s added dropuise until corplete decolori zation. 'I'he solution is then

titrated vith 0. 01 ¥ EMnOY solution.

 Before evaluation of the analysis the tz’ore o3 the iron salt
- golution mnst be determinec. decatse this eolution invariably contains some

ferrous salt,

"3)  Directlons for thie Préparation of Solvtions,

etVIen

It is advisable o pre'aare the *011 vinL stoci: solutions for Jthe
on 'zal E E

¢ ceterminetion: (1) Ten literp of I-solution, (2) £ive| liters of
t soly| ; d (31 siz ty liter ution.

of wash. so]

ir ion,

Solution L, .1(‘}00 g. of c. 'o. coppﬂer suli"ate ar/e d.isswo"ved in
= ~ the cold in 10 11ters of a3 stille/'d vater with|

' shaling land £iltered

1. Consists of 200 a0} ia so ution.‘ .

Solution I1I, T¢ a lerze glass funnel cor tainiyg a fli ted £ hter

‘ pdper exe addefl 1500|g. of \mrdroxManinb hydré~

~ cHloride. Thel salts) dissollved by pouripz cold
a4stilled vnter. through the filtdr, After the
galt is completely d\Lssolve‘bd. the eolution 15‘
“d3Tuted bo_ton :

liters volune.
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Irou Salt Solution.

A round. bottom flask of 5 li.ter capacity 15 fillad. half full wnh
distilled vater. Then 500 g. of Fea SOL;) ‘4 mixed with 1000 g. of €.p. i
“EoS0y in a 1 liter beeker. This mixture, ;s added slovly: \:11_;11 stirring to
the water. the: solution diluted to 5 litera. and filtered after mixing.

!la.eh Solution.,

N 0 & 60 Liter container, contetning 750 g, of hydroxylanine hydro-
chloride, 12 iiters of 20% ammonia veter are added and the aolution diluted
to the 60 ],iter mark with distilled vater.

| nly) Anp aratus.

In a plant. ha.\rin,b for example, three alr sena.ration apparatus.
“and vhere twd analyses per apparatus per shift are mad.e. the following
enalyticel equipment is reguireds: ‘8)-  Three to four copper cans of 5 liter
capecity wvith side tubes leading nearly to the bottom and equipped vith a.
rubber stopper at the neck of the caus, b) Two long-stemmed copper. funnels
of 15 cm, diameter for filling the cans with liguid oxygen. c¢) For each
copper cen a zlass Yottle of § liter capacity filled vith vater and heving
& siphon tube vhich can be conmected by means of rubber tubing to the side
-tube ‘of a copper can, in order to displace the residual cas in the can after
_vanorization is complete. It is advisable to arrange the glass bottles con-
" talning water an a rack above the copper cans, ‘&) Three or four pressure
release vessels to release the excess presswre of the vaporizing oxygen.
These consist of narrov glass cylinders approxinately 30 cm, in length and’
‘are eouipped. with two-holed rubber stoppers. One of the holes contains &
glass T-connection, one arm of vhich connects by means of rubber tubing to
e glass tube extending nearly to the bottom of cylindex. By means of &
pinch clanp on the rubber tubing, this comnecting can ve closed off. . The
-other opening in the rubber stopper serves as 2 pressure release. The tuo
other arms of the T connect the copper .cen in series with the wash bottles.
o) Approximately tventy gas vaching vottles vith good glass joints having
_vinlet ‘tubes reaching nearly to the bottom. TFor this determlnation, in each
case, flve bottles ere connected in series vith rubber tu‘bing f) A ten
liter bottle vith siphon for, each of the folloving: '

1) For copper solution (Solution 1)

). For thé ammonia solution (SolutiLon II)
E For the hydrc»xylamike hydrochloride sc}lution{ (Solukion Ik I)
) Far tho vash soluti

torabt\ for c\Listilﬂed vat\br.

h Es\wh giphor 13 held 1n the ‘bottlew by neans of \ & rubber stcwipper. “and ex‘hends
"~ $g the b‘ottom £ the bottle snd Nas a short’ ‘plece oi" rubber tubing at (he*

outlet end on jhich o pinch clamp ney be placed. ‘t is recommended that
the aistilled {rater and vagh eolution bp piped to the uorlJ bench’. g) A

20

eintered gless|Blichner lels (porgsity G-2, 40, 6%, and 90 mn. diametrr.-

“gdod vorking afpiratdr for [filtering thp precipitetd by vecuun. [h) T
rexnspectiyely) d.a i’ilter flasl. - Pllter DaphT - disH:s flut.ed f:llter paper.

"
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"‘1) !ﬂitration stand"uith tt.vo Iiter reagent ‘bottles.

1) »or tha 1ron salt eolution.
2) ‘For the KMnOlI, solution.

vhich are connected to burets. Finallv & 'bottle coutatning concentrated :
'phosphoricwmid ~Ja}-A-Eerr polieemen* to*-remothhe*'coyper*prec‘.rpitate"“
frop the gas wash‘oottlea. several test tubes, *rubber stomners and rubber

tub;ag. :
.'!,5)' A8pé¢1alf Difebtiéns.

* Bocause of the extreme importance of the determination of the v
a.cewlene conten‘b of liquid, o::ygen andwbecause of. the snall qgount to be
exeruise extrer:a care and cleanliness. In addition cleanliness is of
prime importance because careless york may cause injury of the skin due
to the corrosive action of ‘the hydroxylamine solution. - Gloves with .
leather gamﬂ.ets should "bé worn by the operator while working vith hydroxyl-
amine hydrcohloride ‘golutions. - In order to obtain results of maximm -
acQuracy,’ the followinb points . should e observed'

‘ ai The filling of the copper cans on the- spparatus has to beo .
donte in such a menner that the oxygen is. filled to overflowing as rapidly-
as possible. It 1s essential that the can is filled in one operation
without malqing adéitions., During tais operation goggles and canvas gloyes ’
"ghould be: worn. ' ) , - ' T

Lo

h) The copper cans ehould be connected to the. absorbers con-
‘talning the I-solntion vhen the liquid oxXygen level is such that a -small
amount of liuuid uwill evaporate th.rough the pressure release vessel.  As
soon as the excess prégsure is released, the rubber-tubing connecting to -
the pressure release vessel 1s clamped shut so that the gas vill pass
through the I-solution. = As soon as the gas streanm,’ passing through the
I-solution, has nearly stopped the residual oxygen in the copver cans is
displaced by vater. - It is essential that in this operation no vater enters
the vash bottles. Vhen the analysis 1s complete, the copper cans must be
‘thoroughly dried so that no plugging from ice formation will take place in
subsequent enalyses. It is ac.vinable to check the seame of the copper cans
once each week for leaks., o

) TheLI-sthtion leovld aluaysL‘ae treshly ]irepare
reagent shovld: haye a 1[ ht blue color vhich derkons on shaki

I

d. - Tl_;‘ie

@) The size of the Buchner funnel is éieterm%[ned by .the ambunt.
of precipitate. - fherefore funnels of 40, 65, and 90-m2. diameter should
be av"q.ilablle. Dwring £iltration care shou .d. be .faken %‘fhat the prec pitat
is ¢ énsférred quantita ivelﬁto the filter. ecipitate adhering to th
wash “'qottles should. be {ransferred by meanE of - J{wbbe lzolic‘eman. LAt no!. -
tine should the c pper etyljc\e precipitel 't of 4t be a loved!

e or

g
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to become dry. . The washing: of the precipitate 1s continued until’ a

_portion of the filtrate will- not decolorize & drop. of ‘potassium
permangenate. solution. - "The fritted ‘gless filters are cleaned vith ¢, P
hydrochloric acid - “solution. . Blenk determinatione ghould be:nade by each

“ghift to deternine the titre of the 1ron selt solution as: follﬁws:

Approximately 25 mI? ’éf”the‘ ‘! ualutibn“are ﬁltere&“throubh g
Clean filter and the filtrate treated in the seme manner as during an.
analysis. The coneumption of permanganate by - the blank solution, which
chould not exceed-t ml, per'ml. of iron salt eolution, is then deducted:
ﬁm the volves ahtaingd during analysis.

Exemple
 KinO) solu’oion consuned 2.6 ml.
. Blenk for 25 nl. of iron solution 0.6
Aotual consumpt:lon . T 2. O'ml.

2.0 x-0, 13 =0, 26 ng. acetylene per 5 1iters of 1iou1d oxygen.

- IT. Determination of Hvdrocarbons in Liquid Oxy'ren

"1) I‘undamental Considerations a.nd xethod.

The control of the hydrocarbon content of liouid oxygen 1n
the main condensers of the air separation plants is ce.rried out as

follows :

o One hundred ml. of the oxyzen to be &nalyzed is placed. in an
unsilvered dewer. From the déver it is slovly evaporated, and the .
resulting gas 1s passed through potassium hydroxide and berium hydroxide
solution to remove any carbon dioxide, the purified gas in turn being |

_ passed over hot copper oxide.. Hydrocarbons present are oxldized to carbon
dloxide vhich ls collected in a lmown volume of barium hydroxide solution...

The excess of barium hydroxide is beck-titrated. Ths consumption of
bariun hydroxide is then a direct neasure- o" the: amount of hydrocarbon

oxidized; one ml, of 0.1 ¥ Ba(OH)y solution = 0.6 mz. C. The hydrocarbon
content expressed as mg., C in the liguld oxygen from the main condensers

of all air separation apparatus in Leuna should not oxceed e maxirmnm of,

- 200 mg. per 5 liters of oxygen. The liguid separator of the krypton
enrichnent colunns,. vhich are 1‘oce.ted in the basement betuween speci
prote(Ltive valls, the hydrocarbon cor&tent may rea h a maximum of 500 to
800 mE ner j

5 lite s of <\pxygen

Nc»rmally\ everw eight hours a.n enslysis’ \should be’ madle for ee.ch
apparlwutvs.

"'“f) Procedure \.

Fﬂ}om a lt:ver ;puanti y of Jiquid oxygem the w\ﬁlume qpf whidlh
should have; ‘been rbduced) as 1iftle as possible to preveht hydrocarbon
Lem'i.chment 100 ml are transforred to a cslibrated 100 ml. wsilver'ed

‘deuar«‘( The \dewa:c flesl. ls euuil.nped \.yim a two-vhof.e rubl‘bar stq»pper

"



=15

'J.’hmgh one” ‘of - the- Holes: passera 'l.asvm‘ne ‘whieh- -t ponnected-to s
Mtrogen cyl;nder. & !hrough 8 glasy’ tube “in, _the other hole of the mbber
stopper the gos-to. be- ‘enalyzed ‘escapes and is ‘paased’ through' a' spirel
type gas: waehing bottlet one containing: potaséi.um hydroxide soluta.on
(133) ‘and. the other barium hydroxide: solution, . From:here the gas s
passed through & ‘soda 1ime tower to remove any last.traces of carbon -
-Atozide, ~gas~fromuths.so@a.~um ~towar~ia~paosed.upvaxd,~through an
eleatric oven vhich contalns & guertz tube packed vith copper
oxide (copper oxide wire). The oven is meintalned at a temperature of
850%0 (23 mv. as measured yith chrome, nickel -B- thermocoyple).

sarbon dloxide formed from the combustion is passed through: several Meyer

tubes arranged in series containing stendardized barium:hydroxide. solution.

After complete eveporation of liguld oxygen, vhich requires epproximatoely.
3 hours; the vhole apparatus is purged for 15 minutes with ‘pure nitrogen. -
The consumption of barium hydroxide is deternined by titration vith :
standerd hydrochloric acid solution to the phenolphthalein end point. It
is recormended that the. titration is carried out at 0% inm an Erlemneyer
flask. - During the titration a stream of nitrogen is. passed over the -~
solvtion being titrated to exclude carbon dioxide from the air, The
nitrogen used mist be scrubbed thorouzhly to remove traces of carbon
dloxide. The distilled vater used should be freed of carbon dioxide by
“boiling and should be ‘gtored under a blanket of nitrogenm, -

ﬁk@le

The Meyer tubes’ contain 150 nl, of 0.1 ¥ barium hydroxide having
S titre corresponding to;
: 149.2 ml, of 0.1 hydrochloric acid.‘solution. After completion
‘of the analysis the"tiratlon corresponded to;
. 146:0 ml. of 0.1 N hydrochloric acid solution. The consumption
for 100 ml. of liquid oxygen 1s therefore;
3.2 ml, of bariun hydro'fide solution.

§ince one ml. of 0.1 barium hydroxide is equivalent to 0.6 ng. of © the

hydrocarbon content of 5 liters of oxygen is equal tog.
0,6 x 50 x 3.2 = 96 mg. 0f5 liters of oxygen.

"3) Amgaratu§

Requirenents "or one: appara.tue'

a)._. One unsilvered devar flask of 250 ml. capacity with
calibration mark ab 100 ml. devel, equipped vithe b ~hole
‘rubber stopper. ! One comnection (r1 bber tubing) leadiﬁg
ultrogen ¢ylinder and lthe other to'the cirbon dlexide

. scribbers, . The!latter consists;

Two bpirel type gds vashing bottles. ﬁllecl uith potaesium

v)
nydroxide, one’filled jith KOH solution { 3). the ot;Er

£il)ed vith 0, 1N beriun hydroxide solution. ~(ne drying
" towpr filled vith eodg 1ime, washipz dotfles and tover -
arranged ‘in series,



'From the drylng tower the connection -leada to'

‘e). Electric oven malntained at 850°0 = 23 ‘v, ahd, neasured \;1th" :

‘chrome nickel =3 - thermocouple, - The copper oxido used; .

- approximately. 500 ¢., eoual to 250 ml, (copper oxide vire),

- 15 contalned in a- quartz tube, one meter in length end 30 mm.
in dismeter, the upper ‘end ower ends -0f vhich protrude from
,the furnace . and e,re filled uun porc*la:.n chlpa.

From the oven - the gan paeees directly to '
d). Two to 3 Meyer tubes containing each about 50 ml. of Sta.ndard.
barium hydro*cide eolution. '

- Puarther are required;
- e)  An ice-cooled vessel in vhich the contente of the Heyer tubes
.. are titrated,
£): One five liter bottle for 0.1 N bariun hydroxide solution,
ons five liter bottle’ fer 0.1 ¥ hydrochloric-acid solution,
one ‘ten 1iter Lottle for distilled vater (carbon dloxide free),
one dronping bottle containing phenolphtha.lein ind.icator
solution, .
g)  Vitrogen cylinder £or purging ‘the e"maretue The nitrog,en' )
before vse is passed over hot copper oxlde,- rashed and dried..
For veshing and drying of the nltrogen are recuiredi :
2 spiral type washing bottles contalning potassiun
hydroxide solution—(1:3), -
' 1 spiral type vashing bottle containing concentrated
“gulfuric seid;y end . _
1 drying tower filled wlth sode lime.

The electric oven mentioned wnder c) is cepeble of housing b oua.rtz tubes
so that only one oven is reouired' for the control of 1' mits.

") Special 'Directiqns.

) In assembling the apparatus it is essential that ‘the coxﬁnecting

~lines consist of glass and short lengths of rubber tubing, The latter B

should never become brittle and should therefore be renlaced freguently.

b) Before using the oven, the copver oxide should be heated at
850°C in a stream of mitrogeén for 24 hours in order to remove &ny carbon.
dioxide or hydrocarbons, The comvlete removal of carbon dioxide is checked
with barium hydroxide solution,
‘¢) In order to protect the rubb by comtectio:is close-to the oven
from the radiant heat of the gven, tﬁe n.bﬁer stckp’oers in the loueer»rt <ﬁf
the dquartz tubes pre prq}tectec‘\} br asbestos: shiels THe upper part’'of the -
guartz tubée are tonstricted tio about.8 mm. end Bent i1 a right angle. There
snou]d beé about 7 cm. babyond tme bend vhich is then cornected with rubber

tubing to the lieydar tubens. : \ : ‘

L

cloa:leimits. It should not decrease, othervise part df the methens in the -
oxygen vi1l| not birn coupletely, "Op ‘the other Hand tie temperaturp should
not be incr\ ased dv.ly becandge the \bopper oxide ‘'vill qinter, Therdafore the

tempewrature shoul be cmntinuuusly c\ontroljl.ed. P

'l'he vresc%bed emperature 0 850"(( shoulld be mEint;ai:néd within -
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. e)-Therbardiwn hydroxide “\olution~ ‘should-be- nrotected i‘rom the'
;\car'bon dioxide of the d@iF,  This le done. either by etoragq ‘under an”
atmosphere of nitrogen or bv ettaphing eoda lime tu’bes to. the 'bottle.?'

Mo Valuea found by Benzol Agsoclation in our propané-butene-
ere invariably lower than: those. determined by us (Gelsenberg Bonzine, Inc.).
Thig difference is. caused by use of differont analyticel methods.  The
Benzol Associdbtlon oxidizes thé residue from the. evaporation of propane~
butane vith aoua regla in reversed (umgelcehrten) proportion, while In our.
laboratory. we oxidize the sulfur (elementary?) rith bro:nine.‘

"Both oxidation nethods vere tested vith pure sulfur flowvers.
It vas found that the oridation with acue regia in reversed proportion
tekes plece Only very slowly., . For the oxidation of only a fewv.milligrems
of  silfur, anproximately 7 hours are reguired and even then KC10, has to
be added for more rapid oxidation, in order to obtain: eatiefacto;y results,
In contrast, oxidatlon with bromine proceeds very rapialy. ‘For complete
oxidation,-1/2 hour 1s sufficient.

1Tn the following tab19 ;(table missing);  the onalysis are

summarized. In tho oxidetion with bromine, the valuos found by analysis
cgree well vith the true sulfur content. In the oxidation vith ague regia
and- KC107, the agreement is not good. The values found are invariably
lover than true. Therefore, it has to be considered that the oxidation
vith the reversely proportional agua regla teles a very long time (7 nours)
and that it is ouite possibdle that, with less accurate and more rapld
work, not all the sulfur is oxidized and mich too lov results are found,

As it vas in our case, it can heppen that only 50% of the sulfur is
recovered..- .

“"To checlt our analyeis, the bronine was tested for absence of
sulfur This vag found to be the case. Hovever, in the reagent used for

" the aqua regia - 7010, mixture, rather high blanks vere found. The nmounts
of sulfur in the reagénte uged are as followsi: '

20 ©l. conc. HCL = 0.09 mg. S
20 ml. ‘conc. mao3 = 0.15 mg. §
103 = 07156 ng. S

Be‘*;ause of the ‘\low su@Efu:c' contentsy, the “atdfurl in tlnl; 're'age#nts ig of

grbet im ortanc\e .

V;'F bronine for the ‘(eleme tary?) m slfur content of| pronmze-butTe are

aceurate,  The oxidatJ;on vith reversed ;romrt;oned agua regie, vhen o

Tt :f‘ollows fron fhis 1uvefstig;;ation, that the vasues o'btaineaL
repid and.not e enslyses vgre made, ill obtafn low results.”

rccurat
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