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: ’I‘he samplea could only be crrangad nccording in orﬂor of moreaamg aumexals -
- becauee no ‘data on the geological” arigin of the various aamples 9z0 avajileble e

~opresent. . I¥'must bte left to a lat.er date to cLassify the asmples ucccrdlng to.

s salogical oonsidaretione. , . . : : ) - :

T The cruds oil semplea nere. greenieh black or. quzte blaeck viacous oil through-
- uut, m many caeea oontainius appreciable amount of exxmlaif!ed wetezu_ :

oo 'I.’he samples or the- rirst delive -eontained an ummusl €moupt of weter (up s
o 7] 80%1, _theua ons could therefors nat be emmlned 80 thcroughly.

c' 'l‘be methods of inveatition

e ; The mjority of the tests wera eerried out with the ueus) machoda. The = ..
cases quoted- here’ will ' be restricted $0 mothods whick’ era not geneml:ly known, or
new: mothods ;01 those for vhiel detailed inatructions d0-not oxist: S

,iwhi.ch exiating mathoda heve been modit{ed

: The LT -of the oW, oua wos datermsned from the speeitic waight oft ehe
; o-called key-fraction et 715.8° .aecording to the follewing ' table:
; rrom 250 'zo 2750 at 760 wm, Hg end kay traction 2 from 275 to 500 d at 40 1. Eg)‘

"815e 6t"itey cticn Y up to O
. ‘115 5 of kew rraotion 2 up to

parﬂted by meens or o Hidner column with | spiral
: Tha . spaoi!‘ic grav-ity ‘of . key ‘fraétion 1 wng ‘Qetormined at 15.8 by
‘means ot‘ pylmometer 85 .co. ;volume, :':The key fraction 2.-on the. other hepd was
mainly solid at the. ove tdmpemture- ~.ite-density wos thevefora found: at 40° )
. .end 50 apd u_:, had’ then t0:be oxtrap ]ated to 15,60 :

0lid paraffin in the- whole of the Tew o1l was detemxned Y.
,snmple aver. from a.50 8e.: ﬂaak. .- The' solid psz-afﬂn 1n the diatu_-
then deseminea 8 ing to! the Butanon method at -15

T apar: fon of the gasolines wes cerried out in a colmnn 1. o, h:gt of .
diamete;f 36 om ﬂnea withﬂaahhigringens of diamater 4 me S




¢

The separation of the miadle oils was carrled out by mesns or o Mdmr ¢olumn
with a spiral 160 mu. lovg =% an avorage preasure of 150 . Heu -

Tho eromstics in tho @sonnea usrs eatimteﬂ together with tho olettnea by
shaking-for-}s-minutes-with-§-t4 e
_...content. of. oleﬂnea nes. obtained fron. the Bmmine numbur ’eccording to Yunklar).

. The pr@ortion of naphthenea ond peraffins was calculated rrom the aniline-
point of the ssmplo, froed of olerines and aromatio compmmds, aoeording 20 the
Garner disgrem. ’

D erxmental raenlts - _ L ) ' - o
) ‘The numercus single experimntal sta havo boon represshted in the following
disgrams for the seke of eimpliefity: = -~ - ’ : S

Sheet 1: orude oils
gesolires up to 200°
3 m:lddle oils 200-350
- Se w 200"400

C Tha following ehould ) added to the method of exparm\entation and the use of
" -the. diasrams o

: The_ -erude oils coan bo clasaiftad in mups with simﬂer data etter only a few -
cbaracteristic dets had been determimed.  In order to be .able to cope.mith the :

- maags of materiel, one reprosentative of each group was: investigated thoroushly, .
the result thus obteined ves slso. sssumed for the ‘other otls in this group. In
the disgrsme these thoroughly investigsted oils of the single groups have been - .
underlined.  In the case of date.which were msasured for-all the J.mxde ona, Q. gn
the Genaity, none of the.0ils hes been unﬂerlined..

!
. Tba graphioal repmsentutlona ere no moro than an arrangement of. the mrioua
deta of the analyais sccording to their magnitude &P plotting them on on inclined
etraight 11na ‘The acalg or each’ cf mese ordinates is g!van et the aide of the

;- 'The donaxtiea of, the raw ous depend on: the most. varied taotors, thoae b
molude chemical make-up: on the one band: 6nd on the othor the boiling point curve
~{proportion of -gesoline; eto.) . 'ﬂzemrore -8 more:detailed ocleasification of  the
. oils ia not fessible on the-basis of the. denslties. - AYY the sams - the: g;rerphieal
representation shows thres. distinet mgions of accumx.latiou ‘viz. one sories of ofls’
of rolatively. low density in the. rango - from 0.850 to 0,86, ‘one of masn density
betwesn 0. 880 and 0.000 and ane wnh relatively highdensity between 0 910 and 0.930

S Thb cleeaificatton or the Tew ‘ﬂe accnrding to their “baaia" 13 mueh more i
conclusive and clear aince the, beeis’ derivea from tha "key-tractim" thus enminat'
_1ng tha raccor of the. boinng point curva.‘ ) a5
The samplea or rew oil werecsived et £1rst were moatly too amr-n tovearry
out the toste.on ell of these. . All the oils were shoun 4o 'be of mixed-ba:
. with the excsption of the oila BA lge, 047, CGA“17, GA 33, QA 40, . GA 42:and G4 58 .
! shoss ‘key fraction I (250 to 2769/760 wm,) just touch the naphtheme baea rasion, - v'mma

o the olle to a large extent kaye similar chamoal chareoters.

. -B’ar ehe seka of cnmplotenasa the aonairyins pointe aml the ‘content aoud -
o parafrin are given epart from the densities.' ~These; dsta, wh!oh naturany Hhowea:
“.certain parsllelism, are depandent on-fectora ‘which’ ovorln to =" lsrger-or mn >
extent.. They . tlms do not reany quanfy rou' clm 2 oterlsing tho oila

The qu!te usual ohaervati_
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prcportions of gasoline is incidentolly com‘imed hore {e.g. BA 10s, Heu 186, ,1'7 22
29, BA 7a, 13, 33 heve more gasoline content than those with 8 naphthene-‘like
churecuer such as GA 7, 17, 35, 40, 42, BA 192, GA 69,

- . The -proportion of middle oil.(200-350) varies ‘batween 33 end ‘38'! b; weight
Foz- Hau 10a, 28, 35, 40 it 18 particulerly low {289) .~ R

The proportion of middle oil 200--400. v es between 44 and m by weisbt.
The otls BA 51, 59 EPO 62 86 and 6'7 contain i pnrucularly low proportitm of middle
oil (33-38%).

: It weg-obsarved thet 0113 of higlez- gaaoline content have a. relatively small
content of middle oil 200-350 (e.z. Hou 16,717, 22, 29, BA:10a, 7a, 13, 33 ===&} .
— and thet those which contein lost gesolino contein mors middie oil 200-350, - -
QA58 7517536403427 The proportion-of -residual oil ebave-350°-remains-
gonstant” within relatively narrow 11m1ta {sC~59% by weizht of raw oil)., COmpare the
graphicel ‘summary on paga 3. )

it is nol: reaaible to aay any more sbout the crude oila aince thia would ba
..connected with correspouding uncertaintiee.- -We now conaider the results of the
-exaxirvetion: of ‘particuley- fra~tions.; e : . b

2) Gssolines up to “2000° (comare aheat 2 ' ,'

The followiug uhould ve seid ebout the specific gravity of gasolinea up to S
200°.. The gresster proportion of gasoline in the crude the. lighter is the product
and the smeller the proportion of gasoline the heavier is tha product. - A chemical
“rnalysis showed thet the. chemical character of the fraction is in general nore. .-
parafﬂnic for lngh gasoline content and more nephthanic i‘or lower gasoline contento

. BA 102 conetitutes ‘an” axception, containing uttle parafﬁn hut very meny
naphthenea and comparatively ‘high proportions of srometica. in spita’ of high geaoline
dontent. . ' The gssoline ‘rich orude BA 343 contains in the gesoline'a particularly
‘ lorge amount of eroxmtics beaidea meny parafﬂns and ia iatinotly more heavy

— BA 2 and BA lee also proviae excaptions., The mction from EA e in spito ot‘
constituting 8- amell propordion of the total crude oil, contame very ma
end relatively few okfines apnrt from many ercmatics but no’ naphthenes,, ;
thus has a lower domnsity, im- oou\‘.radiction’ to- the . zbove rule ;1.9 190 givea a
paraffinio fraction in-spite or 1ta 1«m gaeol:lne content R k

olines from GA'7, 1? 35, 40, 42 5 well 'es GA 50 repraseut trans:ltion
on heavy and light gaaolines., They’ ‘do ‘8till contain quite. a 1arge amount of
. paraffing, but the rising’ pmportion ot‘ naphthenea end az-omatica already haa a
aignif:lcant effect on. the denaity.r ; : ! i

up he tollowing diagram.. .

Gasoline rich . o o T “Gasoline pow:
- ‘gesolines . e e T i “lgasolines
1ow boiling o i R o S high boilins
X -paraffinic . . ; B R T P M ... nephthenie :
low density ST Geoo o C-trensition . 7 high denslt"

CBA78, 13,,33, Bg, Ut i gy a 2, 55, 41,"
16 : , ,

- Exception
.,'.v-r-VBA H 1°‘a s 545

gasol inas o




'l‘lm proportion of parnrnn hydroaorhone- liea between 0-snad 50%. - Soms.
nccurulotion 1o obearved btetweem 34 ond 33%. . As a “rule, the obove proportian
inorepses with incrensirg proportion of” gosoline of the oorresponding raw ou, :
“K particulsrly bigh proportior 1s found H
"which have alreedy bcen characteriuea as oxceptions..

The naphthene content is’ moatly round nboux‘; 507 o8 is ehown by the diagranr-
‘matic roprescntation., The froctions from PA 8 21, B5, 41, 3a are perticularly
rich in nephtbenaa. The moat povaffinic fraction from BA 2& is quite froe of
paphthenas, consisting of 684 poreffins, ercwatica 281; snd A% of clofines.

The proportion of arcmatlc compounds . remain vithin nnrrow limits for moat
gasolines viz., between 10 erd 15%. © The sample ‘richest in. sromatics is PA 25
... others which are feirly rich sro the fracticns from BA 34s apd CA 69 vhich 1ike
o BA 2 contein weinly parnfﬁn hydrocarbona in eddition‘, . . /

All the gasolines coﬂtain but e nmall proporbion of oleﬂnes which is
generally ‘telow 19 by volume.  The BA 2 frantion alrendy mentioned c_ontains nost
olefines uith 49 by volums. - . : : . )

‘I‘he gasolinea have no. particular intarost ror the fuel chemists- Minly
they oro of low. antiknock quality. (Because of the limited qusntities the ootane
nunbers could not be determined}. . The anly gaaolines intoresting in this
respect,, 1.0, these with @ higher prOportion of . nephtheres and sromatiaes: ‘ere unly
‘en’ oxtromely- swoll percentngo of the crude ons, o . )

Evidontly thoy are mord or, lesa suitable for a catalytic nfter-treatmentav ‘

: -Detailed investigrtions as to their anﬁ;ahility could not be cﬂrriad out beeanse
of the small amounta availablo. ) i

31 um«ue otla |

b 'I‘ho raaults of thae examinationa of bhe middla oilo 200-550° hava vosn
sumuariged graphically on sheet 3, tho reaulta or thoae originally separated )
batwean 200 emd 400° on sheet 33. K ‘ RS ‘

Wit:h middlo o:lle the d:ffetancen causod by che csl constitutton recedo  —
more- into the baokgx-ound Ag would bo oxpected from the higher molsculsr regions.

The graphical repregentetion of tho densities, aniline pointe axnd- cotene numbers -

‘sro- satisfactorily consistent.with tho physical’ connsctions of these dats: . thers

- does not seem:to be shy middle oil which -hos on;oxepptionnl:chemical: character.

The middle oils 200~350° from BA 72, 13, ©3;. 10a; - Hsu 16, 17 ‘22,29 ineltna. to.
~. the side of the peraffins and have correspondingly high anilina points and cetene

numbere. - -‘These middle oils would be ralat ‘voly sultabla for Bulfochlorination

for instence (Meraol-produccion)av : - 3

=70 oA 59, BA 188, GA 2, 17, 35, 40, 42 give mlddle oils which ere rich in |
ER aromatica and have the correapondingly low aniline . points and cetane ‘numbera.

. . 'l‘ha stote ‘of-&ffairs. for- the middle 0118 separated rrom 200-400° is eimilar
excapt for. tlxair higher clerme eontent., : ; e ; - ’

; The middle oil from BA 2 hac the htgheat bromine numhar (prcportion of
oleﬁne ‘about 20~25%). . High ‘bremine’ numbers ere also shown by E'PG 54, 62 65,, :
L :v'om‘. of ‘the olls have sn oleflne contant of 5 to’ 107,

; The middle oils. rich in‘olefines - might ba" of. interest ror chemical resctions
" sueh-8as: the 0X0.progess ‘or. aufstion., Tho middle ‘of om 200-350 _'hsve Vb‘r,omiua
numbers below 2 without. exoeption and may te’ re@arda | .a8. practica

e ;BB n, 108, 34 end a7, 1'1
35 40 42, 89, would be’ ratlmr auitabla ror cata}ytlc crecl.ing, for 911 othez-
usual nuddle oils a medtm‘n suitability is 10 be- xpecteﬂ.. ST . . ;




o Tho conmdaon aokes ere sroall l‘or nll the mddle oils; they vary within ths
limits of 0,008 to o,oaai Yy weight., e ‘

s ’-B
t ) Carbon exd Hydrogon -

The' :-ur.' oila have a: relat:hrely high carbon nontont corrasponding to their
bnsas. the content lying botween 88.20 end 87.50% by weight. - The bydrogen oontant
‘varies within the redium limits of 12,0 and 13.4% by wexght.. .

: "The ‘gasolines up to 2000 contain 85, 586,104 by neisht end 13.45 to
14 45" of hydz-ogen. - They thus keep v!tbin the limits of diatiued eﬁsolinonu

: The mid2le oils 200~350 and 200-400° eonzain percontases of carbon and
hydzogen which are also within | the 1imito khown, from the Diogel fuels fram”
- mineral oils, the groster pert of the valuos ly:lng somoubat nearsr %o the upper .
1imi%. . The contents of ocarbon very between 86.10 and B?,ao% by weight the
contents of hydrogen botween. 12 50 and 13 ')O% by weishtu , . O

b ) Sulfv ‘contont

Al1-the rew bile have e lcsv s'u.lmr conteny which varies botween 0;1 and
0.3% 'by weight, only a fow excaptiona having e. h _er aulfur (_:qntent. going up to
2 maximum ot’O&% by aeisht; RO Y

conaeqnently tha su.l.mr content of the middle ‘oila ig alao very low, viz. -
- 9,080, 20” by weighﬁ. Tho sulfur content of gasoux:e may be nogleotad in pracf:ica?. .

E. summary anﬂ Glaasiﬂcation

The Austrlan patroleum oxle ezamined 80 far may mughly ba divideﬁ mto three '
groupa. ] ;. . N . : ‘ ‘

'oroup I'le the most homogeneoua snd compr:.aes the !'olloving o!la BA 23, 35y :
40, 'ia, 13, 33, 10a, 34a, Hau 1€, 17, 22, £9. 'Tho oils: of thia -group have'a .
relat:lvely high proportzon of @sollne (14—16% by weight of maoune up %o 200‘7)' -
it¢s chersctor is psmfﬁno&d, : s

. Group X 18 not 60 homogenaous . tmy lnore° R & cnmprlaea the oile ‘BA -3m ;-4
1%a, GA 7,17, 35, 40,:42, 'B9; these contain a. medxum proportion -of gasoline: L
o (5'-9# by. waight of’ aasoline up t0-200°). " "The charscter of the oils varies: batwoen :
perafﬂnoid and naphchenoid, naphthenoid being the mora rx-equent tme., e .
. Group III eompr.lsee BA B, 21 58, 51 159, 67 68, 90, 76, 'I’I "IB PG 54 S’I,~~‘~
€2 “’6‘5; These oils have . a. porucnlerly Tow content of. gasoline (1-5‘3 by wotght of
“gasoline up to 2009}, . ‘Because: of the emall amounts aveilsble; the gasolines ‘oould *
only partmlly be mm:lned thoroumyu The' ons bave a ﬁaphthenic characte EOR.

. ‘l'he ou BA 2 repreaante 8 type by 11:531:[‘ ; 'l'ha higb proportian of aroma

compmmﬂs and: the abscnee of naphthencs in tha gasoline boiling range ere .’ .
ebarag;erisu 'l‘he middle oﬂ.s aowooo has an mcmeaad content of olennea
(20-»2 Yo s ; ; :

R P sets

‘rhe preaenl: raport ia. anly the rirst part ot a continuing inveatigauca\- ve
-have 8lso been suthoritstively informed that the eelectim of" the ‘samples sent to"
oy parucuzerly the first 20, could not yot te cerried.out according %0 any o
conaistent plen,.: We ehererore benave thet ‘the: praaent ‘report will help to
. sasure. that ‘the™ mrthar samples shall be aelect a: more sya mtical y: ;

Furthemom vo hope that the pmaant p!.cture may be compleeed as furtha
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I aamplea from.tho bormga alrenay exomined T &
. -—.—_———.—amuommtctr Tient. .. We also hopo that ouy ‘Taport: may b::nre ziven . eo S
: Intersating cluss to the geolozints in tha task that-wo ahall hava to. ﬁuokle 1n
SR comb:nation with thexnn, i ‘ A

: ‘l'he particularly mtemsemg final eim of thige. 1nvestigationu za to uneover_ "

eonnections bYotwaon the ohomical ohumo oristics and tho genloglcel positiom and Ru

origm -of the raw oila, : e = L
Sheat A 2 an "p'étx‘-'éilem’c'rude on’tr .

Hortzontal 1nacripe1cms, R EENA IR g S el ,
'nensmy @: 209; Denaitj .15 .63 Dansity 815, 6, Solidi'i&ing' point; pai'értih‘
- i Key fraction L S Ro}' freoti DS B ‘content -
e, E ges. up to 2000; " mg, %mdma 0il; v‘m; .4 miadre ou‘

lm& eodumn. -t 200-850 : _A0o-4d0 -
e 0] mr. mamark “an ca, wxamax-k

The oils inwstigated thoroughly sﬁ:h*n a grcup or by themaelvee hava
. i been underlinad S ;

Sheat 2 Inveatigation of Austrian Petroleum' gaaolines (up to ‘009)

Horizontel mscriptlona. o .l

Denalty zo°- Aniline.,point'. : Yol ‘%‘i“‘ Yol 2 s wors 4
GenTE L T e S alerine aromatica paretﬂna ‘




Roport No. 768 / II 10,12.80/26.6.41
. ‘ : ! o . o

L;e._‘g_g;x;atory Exporimonts for Obtaining Adiio Aoid Awd Alkyl Adipic Acids.
' Dr. Ing. Frohlich o '

. In Pobruary 1938 the firsd plant for obtainring adipic noid was taken inte

. comaission at Louna. -~ In’ provious 1oboratory exporimonts the nmost favourablo
corditions had been ascortained urdor which tho oxidation ef cyolohexarol aan
%0 eorricd out with mitrig nold. ‘fhao opbtimum yiold of about 87 ~89% of :
thoorobicnl 4g obtgirod il 1 mol. cyclchozamol is allowad to £lew into 8 mole. .
e3¢ nitrio gold, which hus boen preheatod to at least 600, 3t¥rring well, so
that on simaltancous cooling the tomporatuve of the reaction doos nob axceed
8h%C. Aftoer tho addition of tho oyclohoxanol has beon oomplotad and the o
aitrie exide production hao died doum, the adlpic acid will orystallise out to
a groat oxtent. whon tha solution has cooled to 169, Its solublliby in tho-

. aoid, vhich ovill contalns about 407 MOg affor tho ronotion, is only 0.47%.

, Af%er £iltoring, woshing in jcaeo0ld vntor and roorystallisation, a pura whito
aoid i6. obtained whioh, aftor drying, possasses a-melting point of 161°C.

. -In tho course. of thase inveatigations o rumbar of problems croppad up,
ahich hod %o bo onswered by laboratory oxporipontss This-oxporimontal. work
. uay be divided imbo o groups:. ) R . - - N -
" Ao Exparimbnts called for by ths oporating requirements.- ERE
B. mormgnta whioh aimad at yoplaciug the basio rew wmafarial. "Phenol” by
10 AP . ‘ : B . : o

A, Loboratory axperimonts roquit'éd by © "x‘-atinna. R
3. Qa8 'amoa nvoaton of gg%i’ exidakiione

__ . Tho oxidsbion conditions mentioxsd at tha. oubset, in oontraot to thovo
indiogted in Loohniogd literaturo or elsewhoro, produced £ar battoer

fhus, for examplo, Bouveault and Laquin (81. (4) B; 458) yogomsoed. -

__adding SO0 gr. oyolchazenol ta 1620 gre commarcial, boiling nitric -gaid-for
“hours; lkoaping tho _panobion mixturs &b boiling peint fer-a furthor 50 N
‘Wimitos, . By this mothed, tho adipio acid yleld o Haid to be 52% d.Th.

) Hellomn, van dor Lann ond Slijper (R.24,;23) run into 1000 g7, boiling
nitric aoid, spoo. woight 1,2-82.5%, 100 gr of the mirture rosulting from the

roduotion of phonol with hydragen in the prosence. of niokel, 8 nixture

gonsisting of mach oyclohoxanol and little oyclchexanons Tho boiling. poind
of thig pltrie ecid is +308%.. _ L R ,

. Tho attempts made by Dri Koglor, Louma, ‘to ascorta 'tho‘ldéal oxidation
aonditions showed that ﬁelml'gamturan of over 809 reduce-tho yigld. Tho uso
_of woaker ecide then g2% 7oz hod the soms affeot. LTI

Objsot of .tho gas cmaiyse's.‘ RN L R

111 thoso oxporimonts, the courso of tho oxidation reacklon vao -
- {nwostigated o8 TOFFAS the adipio ccid yiald. In addition to. this lmportan
"~ guestion far uwbilieing the vow mﬁeridl(oyclohomno’l) . tho: graneform tion of
ne oxidisine ngent (HROg) ord' e possiblo more extonsiva oxidising o
- deuomposition wac . of. ,intarost,;Also's:he‘;i'om;utiou_:oi_' lovor aliphabic aolds.
" These questions conld’ only be answ red. by aa analygis of .¢hs; gasos:produced: by -

the: roacbion. - To oariy oub the invedtigations with thia ond in vied, uso wag
made of o modified Ruff apparstus,; the upnntruo'_!;i,on of which is shosn in. tha E
. aogompanying, skotch. : e T e e ke S

I3
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oxidation epparatus.

Into tho 500 com retort, fitted with gas tight Jora stirring
rod, thermomotor and drop furnsl, ond lang backeflo¥ aooler, a -
detorminegd. i1 _nitric 0y Whore-in-many-experinonte
tho oXidising catalyst vas. diggolved or in.suspansion._  For. each. .

~exporiment '16.0 gr ‘oyclchexanol or SR TI mixturs {approximeta
compogition: 60% oyolohavanol, $0% methylanol ond 20% dimethylanol)
wero woighod cut into the drop-funnel, whilo tho acoid in tho rotors
vas honted to 60°C by monus of o wmterebabh. At tho samo tims tho
gag apparatus vas thoroughly ovacuntod by the vator-jot and neroury
pamp. At tho point S, both apparatus oould be conngoted togethar.

- ﬁéacriptioﬁ of tho ' apraratus.

Tho apparatus for analysing the gas mixturs produced by tha
oxxidisatien precoess can be divided info tweo main mrés, soparated
from each ollior by tha ofck Hl.  The part. on tha left sido of tho -
cock Bl garves for making the vacuun and 'posnesBes, besides the wro
pumps, o msroury gauge, conneotod vith the jocket of tho glass spring
gougo usod as a zoro instruments | The part. $6 the right of tho cock
Hl is for rosoiving tho gos-misbturc and is conncoted with the irmov
spaco of tho ‘glass spring gauge. MNoaswremont of rrossure with tho
aid of a-zoro ivstrument raguires the prosence of nitrogon dioxido,
which atitneks mercurys - Tho glaes blubs Pl and P2 ». roquired for .
distilling and eondongsing tho gase ».tho prossure_tube DK, 4.glass. ...
bulb K providod with weans of frenzing,.and three gas~traps F1, F2 pnd
Pd, are donneotoed togother by means of siandard clamps and a length of
tubc.” Tho right-hand distiliation portion of the apparatus may be
‘evacuatad dirget by tho morcury or vator=jet pump, by-passing tho
spring gauge. _ Lo i

.. - Tho walums of tho glass flask ¥, including tho aondenser- trop KF
up to tho joink et tho ecocl 14, vac dotornined by woighing with vater.
In tho sama way, cho volums of the.cpocific gravity £lask DX, used for
determiming  tiro. molacular woight of a gas. fractisn was oscortained in

- 7 o pumber-ef ‘axporiments. . On the Lasis of tho Beyle-Moriotte law,
P.V. @ const, tho various partial volumes’ of theo distillation apparatus
vore agoortained from tho kmowm volumo of tho spocific gravisy Plask
and the glags flask, - Tho sensitivity of the glase apring zatge. mado
it -pus?ible to offact thoso volumoiris dotormivations with an' acouracy

0.6%, - . A T ST

"ready ond tho gos apparatus evacuated, o currsnt of nitrogon was passed
through the stirring £lesk for. aomo Hime in . crder Lo romovo the &

., mtmespheric-oxygon. The apparatus A and. B wore thon connootod ‘togathor
" by tho ground joint §. ' B was thorefore first £illed with nitrogon -
at 1 atmosphoro.  Tho noxt ‘'stop was to bogin’ dropplng in slowly tho
" eydlohaxanol or the alkylenol. = Tho oxidation reaction at onco sot in,

" 1. brown gacea wWore gomeralod.oand the presmire-rose: this oould bo chookad,
from the U=gauge £illod with acqbyleno bromide, situnted in tho gas”
piprelina, . By careful ononing-and ‘edosing of tho capillary cook piacad
‘on the ground joint 8, omacliy tho come amcunt of gos.vias deawn into the

evacuatod gas opparatus. ne gorrosyonded to procisely ono akmosphore

Aftor tho oxidation_ Abpuratué;j;xs dascriﬁ_a‘d above, had hoen mada
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" _.the trap KP¥, tho flask at cool HE of tho dist. apparatus was removed.

prevoiling in tho oxidation apperatus. Spraying with cold water ensurod
that the ronotion tompsrature did not oxcced + 70° in tho stirring flask.
On an average, the dropping in ‘of 16.0 gr. oyslohoxanol or alkylanol was

- .comploted in 25 minutes. . Stirring was oontinued for a further 26 .

g !mum‘fmmpmmmnmmotiomthom—&y;mn of-<ho
nitromater(azotomn{:ov) conncotod with iho oxidabion appo.:jatus', an exnctly
neasurod quentity of nitrogen yme passed through the apparatua, wntil
%ho ges-ohambor had bugome volourlesa. - The amount of gas te be .
dutormined, incroased by the knem quantity of mitrogon uveed for rinsing,
was now in the ‘exactly Imain volumo of the distillation apparatus,

" gonfined by tho cooks H1, HS and 8. The volume of nitrogon remaining ~
afor the oxperiment in the oxidation apparatus need no Yonger be

" “ocnsidered, as tho apparatus was £illed with-1 atn B2 Loforo the L)

oxparimont. By oorefully opening the capillary coc¢k BE, tho pressure n
thes glags spring gauge was cxeokly oompensated, and from the prossuro.
road off on the Hgegaugo, ithe tomperature anxd the known volume of the
apparatus, tho total guanbity cf gas could by saloulatdd.,  Tho quantity
of nitrogen, raduced. £o 0% and 760 mm, was doducted so that the quantivy
of gac produced by oxidatlon remaincd. :

Tno throe ovacuatod gac traps, Fl, F2 ond P3 are how cooled with”
Dewar-vassals containing liguid mitrogox, . Ther'by carofully end olowly
oponing tho. cock HS, the whole gas mixtwro is drawn through the threo g S
traps, when the condonsable components of the gas, such ag ¥0, R0p »¥2
and £h, oro rotained, wailo tho non-condensable nitrogon is drawn off
through tho pumps.  Tho Dowor vossols fillad with liquid nitrogon ero -
romoved from.-the throe gas traps and tho bulb Pl ig ocoled.  Wow ' ‘
overything that could be condensad was, distilled to Pl. . Tho cock OJ
wag closed and:tha condensale was-nllewed to aevapora¥e . in. tho known
volumo of tho apparatus.  From tho preéssure and tomperature measurenons
the  tota¥ amount of the condonsable gas. components was caloulatods - T
difforonco botwson tha totel amcunt of gas deduoting tho cloarsing -
nitrogen) end tho condensable mattor gave the amount of nitrogon producHid’
during the exidabion reaction. o : o o

Next, tho gas trap XF conmectad with the £iask K vmé oooled with

liquid Nps The condonsable mtbox proviously £ililug tho apparatug
" space H1, FH, Pl, 5, B3 ond X was thereby doposited in EF. -~

. Tho end of ooch distillation cun mafurally be reecgniced by the fant
that en conelusion, the orig ~ vacuum-must bo. adjustod onos moro .
4n tho apparntuse. 1€ this 33 nok the oago, uncondonseble’ component .

are prosent, which muat Lirst be: romoved by frosh pumplng for08s- sevora
ges %saps cocoled with iquid 2. .. - PP :

Aftor tho. gvaporatish of iho condensable waiter in tho flask B and
‘A moagured quontity of e 0¥ potassiws. lyo was then Sucked in its COs
sonbont mush bo known axd wes thorefore checkad from time to time. ﬁ};
vigorously -shaking tho flask; the brown colour of the gas, cerived fronm
the HOp gredunily vonished. Af¥or o while the £lask wms onco word
attachod to.tho cock U4, and the rogideal gas conegisting of ¥p0 and 1D
{in so far as tho latbor was prsent in the original mizture -in the
‘proportion of HO-: WO equal 14 1) was slowdy sucked through the throe

E gasstraps Fl, P2 .and £3;. cooled with liquid N2.- Tha'condensate rotaincd

“in tho trops. now consistod of ige, J§g0 ond 0. Aftor tha orighual =
“waouvn had -boon rostorad in tho npparatus, tho flask containing the KOI

[ E ;
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vas romovod, the potassiun lyo wan placod quantitativoly in a nsasuring
flesk and ringod with wator frao from 0,. A COp dotornimtion yma

thon carried eut for the Kon gsolution, ol well as“n ‘total nitrogon. . : '
7 .

datormitaElon with Arndtis n Titoenitrogon-detormimat:
ree) L 4 solution, ' > ) L e

ca-loh'lntinv tho oom'oaitl‘cn of tho gas. _
Per cu‘l,cuvluti'ng the somposition of tho gas on tho basls of an
analysis of tho FoH," tho folicwing thres cages should bo borns in mind:

Yo ~"NO and N0y ore prasont in tho Bas mixture oxaotly in the molar ratio
131 ond Ha0g is formed. In thig osso, tho Wp03 reacks with tho EH in
acoordanoe with tho eguation - ‘ . '

' Seaw onty pieiC.t H02t 2 KOH = 2ENOs+ Ha0

i.0. ouly nitrite is formod and no nitrato.

" §ho W0, & Hevalug found in.tho RénO4 titration must therefore agreo
with the totnl nitrogon value, = - - . T ' . e i

2.« An oxc053 of §O ig prosent ovor and ahove the molar ratio required
for forming Hp03: * For tho formatien of the Hz0g, the reguired . paré of
"tho KO is removed from the gas chamber.. . The romaindor steys over the
potash lys as rosidual gas. " Onas wmore, only nitrito is formod in the .

3.« An 0x000s of HOp 48 jwesent. 1In this caso, part of the WO, reacts, .
aceording to tho aemouxit of O presont, in tho form ‘of Ha0g in aogordance
with tho aquation (1) Hy03 + 2 KOH « 2 KNOp) + Ha0; tho vomainder of
tho ‘W0, 1.0. the oxcess gvor and above that in Sombination as Na03, tren
Feacte in nocordance with the ogquation 82-) 2 H0p * 2 WOH - ENOg + ENGg +Hp0.
For this onse, the ouloulatica of tho -HO and HOZ contont ia es £ollewse
From tho total ameunt of nitrogen, there 4a first-of all deductoed the
_nitritoonitrogon oaloulsted fron tho titration, - The 8ifferonce - .
gorrosponds to the. nitrats-sitrogon " But-eincs, 4% dcoordarce :
- oguation (2), dwing the absorption of tho K02, tho somo quantity 40, - B
43 produced as ROz«®, the amonnt Trogont corresponding to the WO which
has beon progent in the gas chanhop my bae caloulated from the differense
' botween titratod NOzeW and H034H, . 7o elucidate this, an oxanple is given.
By the amalysis of KOM thore have been dotermingd: 1/68 gr. total § © .
and 1,045 go. nitrito N, Thordfore 1.580 gr. total ¥ loss 1.045 g
...nitrite -9 equal- 0,635 gr. nitrate F. - From thias womy ‘enleilate: .
T 2 %14 mg § 2.2 x 22.4 ocm HO, ,
S __Zx_jSSSmgHaax’BssoemBOa
On tho basis of Equation 2 e i
T e - 14085 gr . nitrits N {total)
. 1088 0,686 gr. nitrite ¥ (eorrasp. to ¥05). equalz 7
: ' n 0.610 gr. nitrite ¥ {oarresn. to 50}
28 mg ¥ 5 2244 com MO and 22,4, oz Hog - oo
S0 mg N = w‘segg? xo and «}8 ecm N0,

Reault: 408 +. ase; -z 2120 coni HO, '+ 408 dem Ho-

Analysis of tho residual gas_from tho absorption of RoH

., Tho rosidual gnn in tho throo traps F1; P2 and F3 noY consisted of 'a
nixtiro of WO ang Ha0 containing woatoy vapawr. - By distillation, tho whole

of tho rosidual &8 s £irst eollectod in the trap FS.. 321?5 twe Eg@mm : »

baths, adjustod to «¢0°C, wora. placed bolow tho traps Fl-an and
" rosidual gas wag ‘8lowly distillod through theso traps tovnids ‘tho duib Fi,
... With this glar distillation; tho total moisture was votained in the two .
treps cooled do = 209, . SRR e S e T
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i !;:r go i'at = tgoIgOPi‘rom tho ggo. 1: pmfnnb.ognthoagb gc-.ltﬁg"c
and ot of tho e - ian. B, 4o the R50 polnt of Fa0 18857
mootically no.vapour yresoure, while tho ¥O ulready oxerts ono
- atmosphore pressura. If RO woro prosont, tharofora, oonsiderable
prossure would cnsun, tho bulb P2 would bo ceolod with liquia N,
; ho_li0-would-ba-distilled-ovar——The—ont-ofAioti 1 1atio) .

* pscertained by a drop in tho proboure €o 0. Tho whole of the Np0. ..
was now in Pl and the KO 4in l’g‘. The quantity of oach fraction amd
its molsoular weight was dotormired, £irast of all by tho ontire gas6
fraction being ovaporated into tho known volumo oonsisting of bulb,
gpocific gravity £lask and anpparatus volumo, and dotormined -
quantitativoly by monsurdng €ho prossure and tomperature. Tho wolght
of tho pesrtien of gas in tho spacific gravity flask was thon -
asoortainod, whenco tho formula: ‘ : v o

- 6240076

v na us ! i

" ‘giving tho molocular woight. .
"G is the woight of tho gns in tha dongity f'lask, 7 tho absoludo
temporature, p tho gas prossure in m Hg and V tko volums of €ho

B donsity-flask,
ER - ‘E‘:ium!o of o gas xmni. 518

. } il
T

Plaoed in the stirring £lesk: 126 gr. 627 HNO, ard 10D mp VoOre
Added at 60YC: 15.01§§° oynlohaxun%zi in 20 ﬁiﬁ;. raact, 20 %115150 .
‘angity of rinsing nitrogan used: 547.0 com; P 8 744.0 mm3 %r
24‘03 co‘h . i

L T84-987.278 . oo o il :
Vo & T@.E6T8 = 852.0 com Ny rinse ot HeToP.

Total guamtity of gas'obbained: p = 408 ma; v = 13371.21 coms
%—_ 320400 v @G B . ‘ N

s £08.11171,278 ..
i L vQ = e & ° .

100, 5605 com losa 852 cem equnl's»fiéss com, total amount of ;s
—Producod-by tho reaction. B e T

Dotormining tho condensablo material: p « 506,65 v = 11173.21;

t = 20.7%. _ ‘ NS ‘
= 5, 31171.21 7 273 .. 4190 cem condomenblo gas .
vy BT @9'23‘3‘%7,, e e e e T g
- Accordingly i 46554190 5.4€5 con nitrogon T 9.85% Hg. L
Used for absorpbion: 195 cem KO, which from a blamc dotorimzation,
already containod 108.8 mg G053, ) : o

“APnlysis of ¢he KON by sbserption: ascertained, 1.0200 gr. GOz
: cs LT L0 614 mg nitritosy and 861 mg total =¥
GOz + 1,0200 gCOp B :
€. 10,1068 g ® A .
- 0,0132 g GOy 5 44 mg €0y 5 22,4 com €02

T 9182 mg & sen’ G




861 ng Total -8 -
o

EK_LE.__az‘ﬁ..ﬁﬂm_ﬂﬂg
247 ng Hog "_ ‘_‘24"’ mg N g 895_5 cen’ noa

614 g K0p "= total. ’ o ‘
= 247ng WO ‘=N, con-oap. %o tho NOg - 28 mg B = 22,4 cem KO u.zz.gooem
: 2

867 mg Mop'Ws ‘ 567 ng N 2294 eom HO @, 204 cem KOy

"

y

Dotermination of tho rosidusl gas aftar KO absorption.
ual gn : :

At £ 160° ¢ np vapour prensnro‘ 1.0, only’ HpO presont,
Pa 638.6 mg Bgs t o 22%; v & 3612.20 com. o
83,5 . 3612.20 . 273 _ pomg cem

. Dotomni.mﬂon of - tho molnr waight grnvity !‘laak Gas: 90. 8510 are.
onpby 3 80, 6800 £To
0. 2620 ace

" Volumo of ¢ho gravity ‘flasks 171.79 cem
!islnr ﬂ/vigh'l’: Ha 62400 ",295 2 0281 8‘.4 ’-‘4.1 -

= . 3 ——

i.0. puro laughing das {uzo = 44,(52), is rrxii"asant»a» S

465.0 gem. cOg

68,6 "  HOp

294.,0 * - ¥O

- 2975.0 " - Fh0 .

Y ) L 4255.5 X CQndamable.
i.0. the quantity af condenaablo mtorml calnulntod on tho basis eof
tho KoM aualyeis and tho detcrminaticn of tho rosidual gas dzﬂ‘sra fron
that actnany moasured by 43.5.com, .00 2,088, S

" P

&GB.O'hem coa SR - 1 Q%cop :
689.8 7 WO, 14,687 WO,
 204,0 " no , .6.26% ¥O©
2786.0 " 'N,0 68.50% Fg0 .
46840 O ﬁﬁa‘ = 9868 HOs

86566 oam o 200008 ST \

o In the oxidnt:an of 15.0 [ anol aftor drying 18.50 gr of dry oruda
“adiplo.acid waére obtained. :An enalysis of tho acid shored: 99.77 adipis
acid, 0.14% ¥ boing contained in it. Yiold 84.6% of thaory of: £1ltrate,
85 com x-323.60 g woro ‘obtained. It contained 48.7% BHO':. and 9.4% :

o eegenic acid « culoulni.ed as ndspio aoid). 5
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. Poy ageortaining the recoverablo nitrogon, the distribution of the
~ nltrogon employed was caloulated en thao basis of an analysis of ¢tho :
adipic noid and tho filtrate. For this purpose, all the:gas eompononts
e “__———_oonhsn'xng-nitrogim'*w‘ 0 (¥ Of NilTogon. .
! - Quantity used i 126 gr 62% HNOy » 17.22 gre N, R
" .Tho roaction products comtainad nitrogons : .

~loss® T R Rosoverable N .

Adipic Acidr 0,026 g N « 0316%'F  Filtrase : 12.01 g » 69.80 X W, .
casfe Uy 3 0679 g W = 3564 W - HO: 0.184g W 1.07% . . .
" Laughing gas : 3.4856 g N . 20.28%% - KOy 0e43lp W= 2.66%9 N
e TR W T D /T

Tho -ratlo of.tho rocoverablc nitragen &o tho nitrogon lost is in ¢ho
gas phaso o s o ’
‘NO & 0&8% gN - Hp : 0.67¢ g ¥~
H0p: 0881 W Fo0: §.485 g ¥ -
: 2 0.5I5 e L &G E@‘““’ a
i.6. 18, 15% ¥ rocoverable,
16 will bo scon from tho foragoing thak tho main bulk of tho- nitrogon
A~ F0£) iz in tho filtrate of two adipio acid. . On this acoount, the .
mathed was. soon adopiod .of conconbrating the HNO3 content of the filtrate
to tho figure of 627 roquired for a frash exidation, by passing in- nitrogen
oxidos and air.. Ona moufasturing seale it has beon fourd: that this -
mathed may bo ropsated until the crystallisation and filtoring of the adipio . .
acid bocomes ve difficult. owing to.the preduction and concontration-of -
-opganio acids -stlx'?:h\g:,suc&inic, and “glutarie noids, which ara ‘socendary - =
products. If tho-Ameunt of. oxtransous acid in the £Alerato amounts to
approximatoly 10-1if, tho -adipic a0id crystallises out in such Pino granulss
that diffioultios attond the passago of tho aoid inte the suction filtor. =
In this onso tho quantity of oxtranocus aoid may be dewercd by giving up pare.
of tho filtrate and adding freeh 62% BROg, and tho procoss of concontratiom ©
can naw bocarriod out vopeatedly. : DO T

The vesults of o serios of ‘similar gas analyses aro shown in Jables
I and I, o Ce T . ,

< _._. I& will be séon clearly tlat the said exidation. experirents at: pius
60 degroos; using 62% B0z mroduco the groatost yield in the molar ratso -

of 8 3'3: - Thoso working conditions are. nlso appliod on & large scals and
will in futuro bo rogarded as 0 "atondard conditions. - A highor temporature B
and thinnor aeid aro oxtromsly dotrimontal te tho yiold. -~ Purthormeve, :
the favourablo influonce of tho oxidation catalysts in accordanco with German
Patont 473560 - Dohydng and nore. espacially Vp ‘05, ' Fhg €0, ‘contont. of tho -
wagto gages is in inveraso ‘proportion to. the yields attainable with the wapious
conditions of oxidation.. With Talling yiold, tho.C0, contont ricos in the .
eae phasas This is to bo attributod:to tho formation of low moleoular: -
secondary. products, - Wheraas undoy normal conditions. tha total ansunt of gas
amounts 4o about 6 L, and ths vccovorable nitrogen amounts to is botweon o
13 and 8%, with highar temperature and thinnor aoid the latter lios batwsen
26 aud S0F, whilo tho total amount, of §0s ‘incroases to 8 L. . The K
aimtltanoous losses of arganio mattor aro expressed by a r:ls?‘ i tho-COp -
content. : oLi e JREIR A S A

. ‘fho exidation of. the alkyl-cyolohozangle shaws preeisely tho samo Goursd,
50 it is suporfiucus o deveto any space to the Fosulta. o o

e .- i . Ll [ -
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eraXporinunt ST IENRtad iR Tabio I as v 13 refors <o the . -
nmiysis of samples ef gas obtained from a comi~tochnical; continuouns
oxidation plants _In conbrast to the dicocntinuous mothod, iu these N
procagses nitric acid and oyelchexanol wore piaced togothor undex U
- pressure in a mixing nezzlo ani the oxidotion reaction propor talms !
place in o heatod pipe. ' Tho sooondary ronction takos place in a largor -
reseptncie connoctod with tho formor and tho ndipic acid crystallisos
- aut fyom the completed voaction ulxture on cosiing. ' The composition
.- of the gac vns thown by andlysis to be more unfavourable than with tho
' discontinuocus mothod. - Tho highoz €0y contont of tho wasto gasos implies
the essurronco. of-undesirablo socondary rouctions and thoraefora smallep

yiedda, S

Te sum wp, it may bo coid that ¢the rocults of tho gas analysos
ecnfirmgd provious oxperience gainad in cthoey diractions rogarding optimud
cxidation conditions and mopoover showod. thint al}owance. must be mado for
8 nitrogon less of aboud 25% ef the fotal nitropan uzad. - ‘ T

_ Tho posaibilities of using the llm‘xghingv' gusa_gomx:ntad"huva ot yet
baon oxplored.: By rocovering the Hz0, tho nitrogon losses oouid b
kopt down to 4-5%, SR . ‘ _

2. Exgosimonts for obtnining allyl adipic acids. -

v - AfGer tho oxidation of an ancl mixSure, conaisting ef about 507
oyolchexansl, 30% mothyl anol and 20¥%. dimothyl anol, vhich was obtaingd
from SR II phenol . oil, on cotling only tho adipie acid gorresponding -
to-the oyolohoxanol orystaliises oub, . Methy2 and dimethyl adipioe acid .
ramain,. in solution. . I¢ hagp.boon found €hat tho direcs produsticn of Sho
¥wo soluble alkyl adipis-acidn by ovaporatior undor atméspheric pressure,
raauited in dark ooleured, groasy producés. For this roascn, tho prosess
waz soon adopted . of carrylng sut-the avaporation in a vaouun, . Tho -
ovaperation apparatus uced wac a nermal Gisizan £3a8k, on ono of whsso
nooks was placcd a Toploce with dropping funnol and the boiling capillaries,

_by moans of stendard ground joinbs. .- Connacted.to the £lack woro.a long
liebig coslar and a reurd flask, lea-coolods Tho vacuum was preducad by an
effieient water-jot' piinp, cheoked ‘sontinususly by o U=gango. . o .

In ordor to oxplain 4ho precess of cveporation, oqual fractions ef the
distillate wore drosm.off during distillation and analysed. The ENOz contond
was obiained by titrating with phenociphthaloein.: By deducting from the ;

“total amount- of WaQH consumed tho WaOH: sorresponding to the nitric acid, ¢he
sontent of organie aold was caloulataed. As.dibusio organic acids erc ned ’
volabilo in steam, tho acids in the prosent case must have bson mono-
carbonie aoids..' Tho quantity of solution ovaporated was acourately
annlysed boforehand in tha Claisen flack.and deternmined volunotrieally, oo -
that the quantity of nitric noid first added wag. knom.  “Fpema - .
doterminntion' of tho guantity of ANOg that haa passed into various fraogiona, :
the witric acid romalngng in the flask during the various rhases -of S
evaporation oould be eomputed. L L - o : .

--Thode oxporiments lod o the fellowing rosultsis' 5 . ‘
] ho- filtrate of the adipic ncid which was evaporated had to bogin with
45%'“"8" & 1')%.;391& first of all passod over; the vondentration of tho aoid -
remaining in tho: flask gradually incréesscd. At the momont whon this
-attained about 60%,: large guantitics of nitrogon-oxides ‘Wore goncrated -

i aenie = . . o
’ ' g : a B . = o Bl




ovidently awing to tho action of the nitric avid on -organio substanoes.
The prossuro change iuvolved was so vielont that the lorer prossuro

" in tho apparatus was aimost neutwalisoed. .Tho product obtained by thia

mathed of ovaporation was nlsé a dark colonrod uass, which was vory .

nuch more sonsistont than thnt obtainod undor atmospharic prossure —
W' acdlition to the vigoreus goxoration of 0y, poweérful frothing oeourred

-in tha substanco coutainoed in the distilling flask, so that ofton .. -y

- 'portlons of the contonts ware carridd along.
© ., In ordor to romody all those troublos, an attompt was first of
' 611 mado to odd small amounts of wator shortly baforo the ccourranse of
frothing, in ordor to lewer the aonsentration of tho nitrio acid in the
flask, = 7The dosired offoct wag indaod achiaved, the gemeration of
ROz and frothing consed ot onog, but tho duration of distillation wms
.connidordbly prolonged by. this moasure, co that the courss vas adopted
of blowing stoam inko the flaslc during distillation, in plnee of wator.
The use of stoam did nd} hewovor, bring about tho dosircd shortoning
.- of tho tima- of the ‘exporimnt, so_that as rogards tho final offoct
- it wan jmmaterianl whethor dtoam or small quantitios of wator wora addod.
In €he laboratory oxporimonts; tho courso followed that first of all
ovaporation took place without admixturc until the commencomont of K
‘8ight goworation-of ®0», whon about 6F of:tho volume of fiuid eriginelldy
usod during the distillation wao slewly dropped in. - Fvaporation wns
thon eontinued until ‘tho ganoration of N0p showed signs of boginning,
- whan a socond portion of 67 wator was droppod in. - This measuro was
- continued until with furthor ovaporation there was no moro goenoration.
. of gos and ‘o product; yellcow and ‘visgeus whon warm, Was obtained, which
*; 8013d§f1od ‘on caoling to form o yollew, almost solid mass, baving . .
approitimatoly tho consistonsy ef' margarins. . Tho concontration ratios
of tho nitric ncid in the distiilate ‘and in tho distillation 51411 for.
" thig typo of ‘distillation, ns'well as tho prograss. of the mothed will /
. " bo gson from the necompanying eutve. It was found fron a nxdbor: of
-, oxporimonts thot Yo obtain the offost describad ohova, tho necoozary
“minimam of wator must bo about 223 of tho initial volumo of tho fluid
t0 bo ovaporateds T ' : Lo ) S .

-

o With a vacuum- of 80 wm Hg, tho diluko nitiic acid will dictild ab
'44%C, but 'tho distillation tompsraturo -grodunily rices to 66°C3 at this
* . femporoture’ tho ‘main bullk will be distilled. Tezavds the ond. of
‘distiliation, in orddy¥ - £o' obtain the last portions -of wntar-or dilute
' “aoid from the already visdous-mngg; ‘tho hath tomporature of tho :
T digtilling fiask must be sleily brought £o's waximum tomporaturo of -plus - .

++330%. - I this tomporaturo is-oxceeded, tho produot wiIl always:
acquire a brown coleur, = ‘It is moroevor mosi important not to btroak
the' vasuum to £111 the product until thoe tomporature. of: the mass bas
droppad bolow €0%, as othorwiso widosproad doconpesition and.-..
aiscolauration of the alkyi adipic ancids will bo tho rosult.

/At 65% £0°60%, $ho mnsp is'still molton and con bo pourcd.:
" Ezamplas 200 gr-of a SR II-phenolemixturo ware ‘oxidisod with 1654 gr
o7 niteio aoid ot 80%, . Aftar cooling tho roactien solubion,

139.6 g orude ‘edipio acid {50.62% adipic aoid) voro soporated axd

. Tiltorad off. - Tho filtrato frem tho adipio acid soparation 1565.3
g2 (8pn = 2.301) with 44,17 Hi0g was evaporated for- 20 minutos -with tho
addition of 22% water {in rolotion o ke volumo of liguid'tobo 7

"~ evaporated). 135 gro-of o light yoilow," quinkly solidifying rosiduo
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woro obtained, containing 8light arounts of sucoinic_and glutario moid
and oonsigting minly of wmethyl and dimathyl adipio acid.

Se Exérimonte for purifying nitric wasto acids and nlkyi adipio aocida. j

) In suctlon<filtoring the edipic soid from tho-nitrio rosotion .
mixturo-thero nocumulate rolatively large amounts of vasto aeids with

a contont of nbout 38440% HHOg.. ' Thoses aro minly olinminatod by
traxsformation to coloium nitrato.  Tho wasto aoids oontain eubstencos

whioh prejudico tho svlution of Zime‘by violant ‘frothing, and tho

quality of tho caloium nitrato 'is impaived by yellow digooloraticn,

Ho oxnot knowledge was availablo as o .the naturo of thase impuritioes,

but erganio nitro-compounds woro suaposted. - Absorption and roduction’
-~ oxporimonts Warsc oonducted to olininato those disturbencos, which -

ocourred irrogulariy ang to vayying degroes. ) R

. Tho diroct addition of A<carbon to the nitric filtrato of tho
odipic acid coparationwes not practicablo, as ovon with a ‘diludion of
the £ilirato with wntar in the ratio of % 3 60, thoro ocourrod a
1ivaly ronction with the A-carben, accompanicd by the production of gase
Thoreupon a spoeinl bleaching carbon, "Carboraffin carbon® was used, -
‘which indoed roastod only very plightly with the nliric filtpato, bud
-hod no ‘bloaching offect. - Tven aftor boiling ovay the YRitrose,? the
" odditlon of C-cavbon did not olarify tho colour at ail. . It vas
‘assumed, as-olready stated, thot the yollar colour of tho filtrato,
asivroll as that of tho ovaporation residuc s wore coausad by organio
altro-ocapounds. - Those should chenge by rodwotica into emino-compounds.
- For this®reason, aftor removing th MNitroses™ by boiling, reduoing agents,
such.as.-jron £idings, zino povider, formaldehyde and sulghurous acide, :
wera used for trdating the filtrate.  All ‘thote attempts failed,
howovar, in the prosonce of nitidc seide  If tho soludien wag aoccuratoly .
aeutraliced with lys or amuonia wator, it§, colour vinn strengthenod-and
tho addition of A or C carbon gilica goi/}md 10’ offoct whatovor.
Exporironts for purifylng™ tho yollmrish alkyl adipic.aocids wero
initiated with the aid of reducing agenis. - Thus, for ingtance, 150- gra
--orude avaporatad rosiduc was dissolved in a littlo wator ond the ‘solution
wes. greatod with 407 soda lyo with o pH of 7.0. - Aboul 12 gr of Arndtig
ald 2y woro: thon ndded dnd tho whols boilad Tor'a fow hours, whon.large -
quentitios”of ammonia wora given off. = Affor this, tho solution vas
aoidified with conc. hydrochloric egid ‘and ovaporatoed 4n a vocuum watil .
Arys :Tho. rosidus waa boiled. in:tho reflex covlor for 2 -hours with propys cimonens
"~‘other, when tho §olutioh viag Piltersd and the othor-distilled . off in e S
-vacuum, - . -Thers romained 8.0 gr of n ‘yodlorish'rasiduo, ¥hich only
sdantained 0.00876% Wa- . ' w & .

'/ 1n spite of the great drop in tho nitrogon oontent, ns difforonco
- eeuld ho .digcernod botwopn tho colour of tho starting material and that of
- the treated -products R S T S -

Tho' nddition of 80, to tho moitod ovaporation rosidue was likowiso
unsuscoasfuly in i‘act,- he ao;cuv wag, if ‘anytni'ng,' darkers o -
"~ Sinco’ tho roduation oxpor imonts wara unaticcassfal, an attompt was made .
t0 romove tha yollow valour from:-tho regiduo: by means of calectivoly dgtivo
solvents, - inthis conneotion: it wag Lound that othoeir, acetic ostes
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ntotone and olochol readily dicsolve tho whole substance without residuo,

Pontano; petrol and carbon disulpiu.da on_tho ‘othor hand, havo no solvent
f cﬁio C T ) A - N

. \

A epaoinl ponition is occupmd by bonaol ‘and ohlorororm, ag both

those golvants dissolve:only iothyl end dimethyl adipic noid,.but -
not adipio aodd., Tho substancos rosponsible for tho yelléw: colour ara
also dissolved, so that a white adipic ncid romained in tho .rosiduce
Tho bonzol or- solution of tho alklyl adipic aocids mturally
produced on av orgting the solvont residuss that were very yollow in

"~ colour, - On tho bagis of an analysis of tho adipio-acid remaining in
¢ha M8siduo on oxtracticn with bonzol or chloroform; it was found
that for soparating tho cdipic ncid in tho purost possible ferm, ~

. chloroform in tho moro appropriato solvonts "Evon with nxtraction mth
oold OHGYy, the acida way suocussrully bo uop.ratod. -

.- /. Tho actual offoct aimed nt. vis, ﬂjno o!iminnt:.on of tho oolourod
impuritics, wa3 not uuccosaful by ¢his moans.

An nttempt wns noxb mdo to bloach the alkyl adipic noids afbor -
soparating the adipic acid, by means of CEUlg oxtraction and vasuum
distillation,  With this- in viow, 200 g. evaporntion rgsidue woro .
twice oxtracted in tho cold with 200 com chiloroform in, cath easo.
Tac rasiduo amountod .to 70 g¢ (n 36%) of pure adipio acid with a

* molting poink of 151%

- " The chloreform solutian of tho oll:yT"d:.pic aoids s firs(.

- concontrratad at atmoapheric rossuro, thon tho romaindor” of tho
chloroform was romevad in o vacuum. Tho rosiduo thus produced vas
distillod a% 1 mn by means of & morcury pump. AL 78%C, o bright |
yollar dist:ulnto was obtainod, vhich romainad-fluid at room tompomtura.
Botweon 100-200° tho rost of tho vosiduo was distillod, witheut any -
stoadying of the distillatdn thormomotor- being. observed, - This
Qistillato” (326.7 gr) solidifiod on cooling to form a crystnnieablo,.
only alightly yancz'ri.sh pt-oduct. 1267 gre 3 @2.8%. .

Thoro rem:l.uad in “tho di.stinntlon I’lnsk & corbon ros:ld\m af 7 gr,

- Phe genditien for tho suocass of ﬁxe vacunm diaeﬂhﬁon of a!.kyi
‘adiple acids i 2 1} o tho prior sopavntion of adipic aoid by - ..
chloroform axtraction, a8 tho lattor, ¢ving to its high baning pezn{'.,,
is moro diffionlt to distil and tonds %o cvadk. 2) tho use of & geed

- vaewam. . The perossure of 10=12 mm Hg abs. obtainable with a gosd waters
Jot, punmp 3s not sufficieont, as at Joast 1 mn or 1055 must bo attsined
in order to prevan-b a thorm!. dcoompusitlon of the orannic substancs.

In srdor to ce»ni’im m aamnthn thot Mﬁra eanpounds aro; .
roaponsible for tho yonm impurities in alky} odipio acids, oempsurds
whioch may be producod by tho actich of aitric ccid on the phenols grasont
in tho oyolchexnnod or alkylanol mixture, o fow comparative boiling
amlysoes of differont starting matorials trore aarrisd omt,: wheso
individual) fraotions wore thom subjeoted o oxidatien. - The best
d1gtillntion dovice for ‘this purposc wos £ound to.bo tho famidiar Widmor . _
oo!mnn “the htim- was 260 mn long nna rur.nsshud, with elew distnlaﬁon, .
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oxcollont rogultas as shovn by tha chocl: distiliations of mixtures
- of lmown cempositions " The fina_distillation colum-recommended
nroconc technical litor ataro by I. Grogsa-~Ootringhans (0ol
und ‘Eohle 16/3G, 1839, 599) was also tastod, but it hoo the
dissdvantago that it roquires rolatively large amounts of .Bubstance
and porsovor rotains too Inrge .o portion.of tho £inad fraction &n
tho 860 vm long distillatson tubo, .  Tho manipulation of tho Widmor
" oolumn is vaory much aimplar, ard with a little rractice and
caroful disbillation it furnished at loast equally goeed rosults,

__ Tho nsdassment of the various distillation fraotions was
offoctod by those boing oxidiscd soparately with nitrio acids the
adipic acid was then filtorod off, ond with tho nitric £iltrats,.
sempios of caleium nitrato varemdo, whoso colours wora comparod,
togothor. ; ST o -

‘In treating an anol mixture obtainsa from phonol oi} SR II,
3% was found, for instanco: o : . ‘
- Golumn S Angunt usdd 1 72¢.7¢ Golour of cailcium nitrate
1, Praction 97-160 0 oIg = Le re Whito -
. L -:162=1€4°c 149%.8g = 67, . L
5. ® 1160-171¢ . 163.2g = 22.0% - Slightly »
4,0 m :171-202% 8l2g = 695 Vory Yollew -
" Rosidue: 8.6g =2 T Do

©The alkyl adipic actids obtained from tho filtrates of tho adipie.

acid with tho addition of watoy in-o wnewum,t presontod: tho ‘same
aspoet’ in rogard to-'colsur ns tho caleium nitrate sampies,

i This confirmsd tho assunption that tho . ghono} impurities,
: boiling at 360°‘or abovo {or oleo thoir bydration’ produsts-); in

: -the ‘starting matorials are rosponsible for'the yellow coleus of tho

T~ preducts-and - tho Wasto ‘asids, U ST .

: : .~ On'tho basic of theso rasults, care was now taken that tho

oyolchexanols and alkyl anols oxidised wore subjeotod to provious -

~digtiilation. . iThis sliminated to a grent oxtont tho 'difficulties

"in making tho calcium nittato montionsd above. ' A% the same tims

the intense yellow coleur .of the ovaporation residue of the alkyl

adipio acids dlsappwared.  Tha roaotion produchs were noreally enly

faintly: yollov,

B+ Exporimants for roplacing tho fundamontel row materiel hitherte used.
"Fhonol" by "Benzol”, M

= " 'The older processes for obtaining adipic adid aroe largoly

based on the raw matorial yhonol, which on baing hydratod produces - )
cyolchoxnnol. ' 8inco- phonol is tiot-n choap substanta and 4a .
roquired fer.many other productions, laboratery ezporimentc were
first of all d'irooted‘tmrdq tho’ posgibility. of avoiding phonod

ond using ‘othor compounds instend. _The simplest way was found

. £p bo tho exidation of oyolzhozane or its dorivatives)’ inthe
gourso. of werk on this problam, the 1 owing possibilitioes of -
reaction war tigatods o e

v

N
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Bonzo} : Bonzol: } Bonzal
- Cyclehaxnno Hitrobenzol Cyolchoxans
pioddid—g&-eldqoxyﬂmm yoIoaoxylchior ide
e Adipic Acid ' Adipic Aoid

Sa ’ ‘ .
Benzol ‘ Bonzol :
Cyolchoxrane Cyclchoxaro Cyclshexane -
Cyolehoxylchlorido Cyclohoxylehilorid Cyelehoxylchlorids
Cyolthoxane . GCyolohoxane . ...Cyclshoxane .. .
Adlipic Aeid Cyolohoxyleatar Cyolchoxanol
- Adipio Acid &dipic Acid

1. Abtompt “oxidiso cyclohoxare with nitric acid.
i x.itov:"ntura'. T g o ' o

Fracticnlly simultnnecusly, work was published by Markownikofe
¢ {Ann, 302, 1898, 24) and Aschan (Rer. 32, 18997 1771) on the exidation
of  ayolohoxana (hommphtlwno) by moans of nitrio soig,
‘'of all this work aro highly unsntisfoctory having rogard to tho adipic’
acid yiolds obtainod. Harkownilkoff $ndicntas es tho mest prolific
mothod tho oxidation of-hoxanaghthona with nitrio acid of Spsc. woight
- 1.236 in sealed tulos and thus obtnines 32¢ adipic acid. - If the .
" oxidation was carriod cut undor rofiux- on the water=bath, 8 volumes of -
nitrio acid, 6.G¢ 1:51075 s Ysre used to ono volumo hydrecarbon ard.
tho mixture vas heated. for 10 heurz until it astartod to boil. - Oud of
© 20 gp,. hydredarovon, 3.5, &*s woro unchangads from the 16.5 0+ invelivad
in the reaction, 3.32 €" puro adiple acid wore chtained, which . :

corresponds t9 a yiold of only 1i.6% of thoory.

. Aschan (30.), in his work published eno yoar later, improved
Yorkemmikoff 's mothod snd ovolved an oconsmical mothod of 3
adipie acids Ho hoated tho hydrecarbon with 310 t{mesa o
. ificopravity 374225 69% Lor60=60 hsors, 2
tomporaturo is not stated,  The Ovaporatien tesiduc is thon purifiod
~a8 tho ammenium selt of tho adipic acid, frem thich, by acidifying .
with congantiated hydrochlorie acid, furo adipic aoid is obtained, - .

.. Asohan sentoes that in this- way ho.-cbtained 17-18 er . ndipic acid fpem
7200 gry hydrotaybon. The yiold was thus oniy 30%,

Oxidation oxporimonts. RO T ‘
Fhon tho oyclohemans was droppod into niteio aold at 80° op 5.a.
1,88, no action by the acid on tho hydrocarbon souid doaseortained, .
In erder to increase tho disintogimtion of tho oydohoxans in the aoid, )
a dovica lmown' as. the "sinterod glass tube" apparatus was solestod,
ooneisting of a Jera glase tubo 50 mm wido dnd 650 mm long, to tho top
and of which was attached a ophorical oxtonsicn, holdiug 1.5 litres
and on thic again, by means of  ground jointe, o refiux oondenger. . Ag
tho Yower and o Jono Noels 3iaterod glass plagte wns fused in ond tho
lewor, taporing par: of tho tubo tme £ittod with a Rwpiece and cook,
In this way, ony domdonsate forming sould bo drained off. To tho
Tsploco-wes atiached a glass tubo vent upmrds, passing through the
heating or sovling jacket covering the entiro. resctisn tube, ofter
vhich it ran horizontally and was comectod with a triple nock reund
fiask of 260 gcm.. ' Thig round flask served to vaporisoe tho material
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‘ta.bo oxidised,.  On the contro. tubde was placed, by roans- of a
standard ground Joint, a roflux condomger fittad vith o cobk, .. Through -
tho rightchond outor joinit of tho.flask a gas inist tubo was insorted
‘to tho bottom of tho £lask, The round flack was placed in @ heated
- wator bath, whose tomperature was Lod . 4o o8 {0 be. 0-t0--or-eve.
i 9-boiling ‘point of the hydrocarbon to bo vaporisad. At tho
.-Same time a strbnm.,p;‘;pitrogon»omcurbqnudimddo was passod through
tho. £lask, the intonsity of which was masured by the mufber of gas
" ‘bubbles cedurring in doreury-dippere - o s o
Whereag whonh the cook:of tho roflux’ condoriser wag first cponed onty
| a wory dma¥} parts of tho boiling hydrocarbon wad tokon along with tho .
.. 8g of CO, . stredm, aoacrding to tho adjustmont of -tho cook aportire tho
--quambity. of hydrocarbon reaching tho. sintorod plate coudd bo regulatod,
= TRo thirds of tho height of tho.renchion tube rvag filded with warm nmitrio
" ucid, ‘whick had to bo #ravorsed by the carricd gas ladon with :
hydrocarbon,” in fino aistribution. .. L e o
.- Thus, for oxamplo, 700 cem 62% nitric acid. aro hoatod in tho frittod
" tubo %o 95%, . Thom, 185 com eyolohoxaro aro vapsrisod at 84 in the
- owTont of By and takon through tho hot acid. . Ho.renction oecurred
.and at tho o1d of -the oxporimont,. the cyalahoxane ssyaratod -unshengod -
on. tho nitvie .aocide ) o A S et

.o AdaiSivos of Hg cadbo,. Fo(WO5) S01,0, V505, 1n0, as catalysts had
. ne offocts.. Varying quontitios of conc. sulphuric aeid viore also unadle
_.. %o 80b the rcaction goings - Bvon an ircrooso in tho nitrie acdd :
goncoztratinn to 99% acid did.mot bring abaut any satisfactory rasults
. Inte 600 gr. 96% ENOg wore droppod st 509G ard with vigoreus stirring,
28 bom oyclohuzens. Tho kemporaturo wna maintsined for: § hours, On
ceoling, 22 cam of ‘uneonvertod - ¢yclchaxane woro. soparatod off, ACtor
. .evaperating tho ecid in a vacuum,. 35, gr of a dark brown, groasy rasiduo -
. vioPe. oblasned, ‘sriolYing. strongly of organic aitro-compounds and hoving |
" nono of thé preportlos of hdip;o acid. R C
g AL o, exporimonta showod {hot cyolohoxane is oxtromaly stablo- &n
- ‘-tho prosordo of mitric acid in various concsuirations, . In ordor te =
mnke the cyoXohazons moloouls more roady to raact; eubdtituonts wore
T added, vize BHy, 0% ote, | Tho oxporimonts carried .out with those-
conbinations produced thoe follewing resudts . - . . - A

2, Oxlation of oydlchesyla D

o T 60D com round £lask providad ‘with stirror, droppi nry
nd ‘roflux gondonsor, 2680 gr of 627 nitric acid woro place s~ A foir
drops of oyulohexylamine wore then“added £rom tho dropping fumnel ang
- Stirrod, . This brought about o white-clondiross and the gonaration
of considorable hoat, ' Nhon the'aming wus dropped in'quiokly, Maro
nomona Wworo observed in somo casos g 3 ¢ 3 '
n31s of . thd, £lagka - Whor ‘tho dropping 0. vas longthoned untag it
", Vs submorgid in the acidy Purthor axplosive docomposition vas :
" peavontody -Novoerthoeloess, .tho aming had ib e added.very siowdy and
carafully ¥ order 6 modorato the: nautralication ronction, - Aftor
| thovholo amtunt of 20 gri Cq IgFH, had baen added, tha eolution wmg
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sleviy hoated, = It hnd voon ascortnimad in prolinmingry’ exporimonts that
tho oxidation of o Yohaxylaming only precooded at ndoguate spoed.at. -
‘tomporatiros of. 80%Co It is truo. thot at 70%, aftor o 13%tde vhilo,
there was woek gororation of nitrogon 0x3406, tut tho reaction nt this
tomparaturo Wag. £00 SIUGELIie X $tric-aoid-oyolahaxyianing Nits
solubdon was thoroforo. stirred and hanted to 809, whon tho. nitrogon 0x3d09.
wors only glven off rogularly oftor stirring for % R houre  AfCor.
about 16 to 20 hours, the genoration of gas slackoned off concidorobly,
and on cbeling tho solution to 16°C, tho rosultont adipis goid was -
soparated off, aftor vhich it was, Liltared, woighed end analysods
filtrato the ENQg < nitrogon conton® vms dotormined, and by titrating . . .
oith l:honq‘&phtim‘.!oin the organic ocids aa wo_}l',, dajculated as adipic acide

” { B . .
- Rosults ‘'of tho oxpoiimentSe S ,
: A . s . ¥ . B :

' In tho £olloming tablo fovr oxporimoitks have Loon collobed. The -
_mest styiking phonomangn in tho -oxidation of Gyclohonylouimvas found to .
o tho foldomingt . In contrast to tiw oxidation of ‘eyolehoxanel, it vag - T
only possible cn raro peonsions to obtninm rosulits that agracd atal}l -
fron two oxporiments earriod oub undor oxactly tho camo conditionse Mha
-disevopancigs In the yiold woro sewmtimes “‘botwoen 20 and §0.per eonte

. Yhoroas in tho oxidatien’of ayoichomanol, highar toiporaturcs than

. 70% woro: feond .to-losson the yield, for the oxidation of cyolchoxylamina '~
*4ho. tempornture must bo at, Yoont 0% iy order to keop tho ronction going
suffiojontlyy A1) th faro, reactions meting ob lonsat- 1620 hours ' -
comnot bo_ovbided; as gopromature intorruption impaire tho yleld very

- appreoisblys  Theso roactiod timac: thuo amount to 10 Gines thode roquired
fer - omidifing the 'encle T U R T T

. .. Rogarding tho mgchinery of tho renction, it'wns tompting to assume
thnt tho cyalohexylamizonitinio which i3 £irst of all formed is diazobised

. by troeds’ of nitrous aoid; tho dimgonium solt 15 at oneo 'sqpouii‘i_od,. SRR

- qysishoxanod & formad ard this-is then oxldised by tho. nitric acid to

~ form ndipic acid, - 1n this momor the 8oy progress of the rooction may

bo. oxplained, as in the 624 nitric noid oxtromaly. 1ittle AHOp is prosont,

. which, adcording to tho above viaew, i5 %ho: only pard tint roamcts o
“bagin with. . Whon the oxidation gradually odvances in tho. cyolehexanel,

mere nitrous ecid is formod to tho 'somo sxbent, so. thot: largor quantitios

of . the -enino nitrate ¢an bo ottacked, - This viar £ikds confirpation in

the. Lact tkat it was possible, by adding 0.5, gr« sodium nitrite to the
piteic neld soduiien of tho eyclohoxylaninz, to start {ho roaétion ot ancs,:
‘while witheut thi 1ddibive, ‘ot Joast % o2 hour posed bofore tho fired. ‘
- 63@s'of,mospionbv.,oxiam;ian weora cbservode T KRR

/o




Exporimonts with cyolchexylaming
‘ e “Uxidation. . B ‘
T Reactien timo
Ozidntion conditionn - Tomp, in °¢  in hiourse
. 1l Ry v -+
’ 100" . - 20
"

. 27
+ 0.6 g NaBOz + V05 905 =300 .26
+ 16 g FaHOp . . 98 CAT
2 8 A U0 ¢ V05 - 100 ) . 88
+ plotinised badlls . 3108 . .. ... .20
+ 0.6 g Hg (03}, K 3y -
without addi%ivo 98 20
¢ V0 NOR L 00 . e e A8
+ pga' inised balis i00 ' 22
> Vplg R 26 ,
--wifﬁout additive o000 ¢ b:t: B o
" LA i0 - Bxplosion
after max. . . . £%) (114) (3.8) (12}

%) ondropping in flams phonamonon & formation of soot

-3

03308 3@ a7z

A1 oxperivontal rosults rofor o use of
o 20.0 g CgHy3HE,

‘In-ndditien to the scdium nitrito as tho initial roagont, - varicug
catalysta woro uscd, which had alroady shown a favourable infiuonso sn )
cxidatim in tho'cage of cyolchexanol, @8 ¥n0,, V05, Hg (‘“’s)z e
and-platinised porcelain balls, ' Hswsver, theso. catnlyats did nat b%ing
.abeut eny shortening of tho long reaction timos 5 but 6éniy a slighS )

" inoreaso-in tho adipic acid yiold of about 5 o10Zs ~ - ' S

: %ho use of a higher ncid congontrabicd than 7% caused & slightor
doprovemont in tho yiold than corrosporded to thasxporditure of strongor
aoid.  Mesoovor it was more diffioult- o dring tho oysloboxylaming
into the .strongor acid. With concontrationa of abeut 867, oxplosions

-~ oocurud ¢n BOme soeasionss”

The ogtramely long timos of: x*caétisﬁoiho. poor yiold, the unfoliable .
" dogrog of repoductibility end the %réublo involved by working at

tomporatures over 90° werg the seasons. why tho oxporiwonts viith '_eyolohoxyla'mino» )

“.7a8 a stasding matorial wora diseontimed. ol »

. ‘Tha mothod roferrod to by Heochst on 282,39 - "adipio ncid . and
Cyolchexylomino™ by Dr. Hilpsrt and Dr., Postian was follcwed in a fowr
oxperimnts, but tho yields wontioned by tho wiiters could not be attained.
-Tho -Heechst -expericents. diffor from tho Prosent cnes degscribed above in
that 3uo moi . of eycichoxylaminonitrate: (formod beforehand) is acted on by

" 1=2 mols sodima witvato at o lev temporature, thon it is cooled and ‘tho
rogquisite nitrin acid is addad for oxidising, and ‘Piawlly, by subsoquong
hoating, towards the end. of: %ha reactinn and oven up o boiling tomporature,
tho oxidatien reaction is carriod out. . 72.2% 22 tho theorediual ansunt <
should bo obtainod. - In subscquont treatmont,  novor more than 60% of &ho
theorotical anmcunt was sbtaimed, - . ‘ - E




- .________Oridatmn_ax rimai tuabluq.\ahnxl_ohlorj.d

'l‘ho cyo!ohoxano ‘monochlor 1do, v.h:lcb it casy to mako in gueardanco
wi:th scaction diagram & by chlorinsting.tho cyclohoxano was enly :
subjocted to oxidation:with nitrie acid in o fow tontative oxporimonta.
Tho oturse of .tho raeaction rocombled that of the oxidation of :
oyoluhoxylamino, as tho reaction likewiso only started at. tnmparnturee
- of about 90%C.. At €0 < 709C, uo dction could Lo oscortained, Up to
tho cemplotien of tho nitrogen axide gonerabion, ronction times.ef

16 = .20 hours woro als® nsoded for 36 gr.:C@y3Ci. Tho yiald wus
.about 20% of tho thoory, and in nd -cdse wore bottor rosults obtained.
Ina finndl axporiment, into 629 HiOg at 20+100° cyolchexano was dreppod
ard at tho samo timo gasovns vhlarine waos passed through. - Bo roaotien
cauld be ebeorved, tho chiorine loft tho apporatus urchonged and tho ‘
cyolchoxarns tag doponit:od in tho aitric avid nftor’stirring had eoasedo

. Sinca eyo!ahow! chlorme seomd unsaitedbie s o n'bnrting aatorinl,
not only cwing to its rosistonso to nitric aeid, bwE also ewing to
materinl diffisultioa in oxtomding iho. procosa to an industrial seals,
tho vory mpch more pro:nising cyolohoxana was usod. :

‘ Exrmonta tuth oolehoxeno." C

. ﬁm dn-oof; ax:.dation of cyclohnxom. Cyolchoxono may bo praparod
in scccrdanco with Gormin Patont 264 473 cf tho BuAS.Fe paseing -
cyolchoxono momschlorido Gvor cogalysts such as Eallz-awd. 32053 &/
tonmparatures of 500 o 4005 or in accordance with Russian patork No..
42 550 by-separating off FG} from oyolohoxyl chlerido by means of <

activatod vogotabls or mnjmn) carbon..  In. tho Ruasian pete€ass, yinlda
of oyulohoxom up to QB,SF are said to bo obtaimblo. - ‘

: Regardiﬂg tko nction of nitrio acid on cycl«hexone, L!urlcoém!knrx
“(Ann. S02, 1858, 28) atates tyot "fuming acid roacts viclontly with
cyolehexone, - If tho naghthylons-is added drop-by @rap o the nitrie :
aodd, 4t will 6xidise oxplosivoly with Gho cépious gomoration .oi’ =itrogen
_ dtoxlde, which entors’ into combination (eryotallisable ag necdles) with
the naghthylons passing through.  Aftor kuating for sevorsl hours. 4a

~ soaled tubes at 300°C with an exedss of nitric.acid and the subsoquont -
‘complote’ ‘evaporation of. tho acid, vory little’ ‘adipic noid, in tho main’
only & syrupy substance, is:obfaimed, thich is rou_d:ny soluble in othar i
ond wator and hag 6 melging: point of 237 to- 15994 :

‘Bofora comanoing tho quant mtivo oxnmination of the axidaﬁou of

eyclchoxond, & fowr tast tubo oxpariments chowed tho gqualitative bohavieus -
of tho olafin with nitric oeid ab varions tomporaturos and in difforont
ooneentrationss . It ma found tiat 407 boiling nitric acm doas: not readsiy
attack cyclehexdno. - 65% aodd has to bo heated to: 70-60? bafera the runotiea. -
starts. With 627 HNO3 o.prehoating to §6<60 degress is cufficionS.  Tho

‘ .oxide¢ion ronetion showed the follswing procoss in the best tybos.  Inde -

| tho 6% HNO;, which wmd hoated ©o 607, a fow drops of cyolchosgno ware

..addod, which coadosced. £b form a. yoneﬂ -1oyar 6n the aoid, - After a ahord
tima,; o fo gas tubbles begoan to riso from tho surfaqes of -contaok aoid/
hydrecarben, am the CgHyp turncd an intonss groen, . Tho gemoratfen
" of ‘gas hoeamo intoncificd and Suddonty large- quants.ues of mtrogan-dioxua—i
woro’ givon off, whon tho ‘greon layor groduslly dissppeaved. —Aftor ' )
comenh:ntlns and coanrb tho nitelo aoid eozutinn. -8oms odtp&c eeid




5cpamtcd out. Purthorgoro, tha occurroneo of yollowiah-brm dropc
, of o} wao froguontly obgorvod; at o°® thase solidified to fomm a bruwn.
. not remlaly cryotumaing ‘mAss, which baonm i:quid ngoin se rom
— .

anclh.tivo 1mutoa )

" In tho rouuving qunnba.tqeivo o-cido.uon oxpormonts. to 3 mnl :
ayolchoxono, 10 mols 62§% nitrie acid woro usod.  In tho stirring -
apparatus alroady dosoribod, 184,6 @ 62.5% HNOgz, to shich 200 ng
V3 05 had boon added, ¥re hoated to 702, . 16 gr. oyolehazono wore
thcn addad  53owdy. durdng stirring. . . In ardor. to proven® tho ronotion .. .
fron boconing vinlont,” tho addition of the 16 gre Cgio ha d. %o te
apread owoir 6/3 houp. fho hont gongratod by tho reastion was :
mutml'.laud by cooling, ‘Whon, ofcr ftepping tho ceoling for o timo,
- tho temporaturo in tho Tlask oxceodod 86°, thevo was found in the
Yowor. port ef tho coslor an intonso graon, oily distilinto, vihich
" gradually disappoared giving eff nbundant. HOzo . 'Whon the roactitn wing
€voP, and on codling €0 129, 7,0 gr of 7% adipze ac3d vero ebtained.
In tho mothor dys wore faunﬂ 8,0 gre aoid; no that atiogothor 8.4 gro
. purro adiplio acid woro prodused; which ccrrospcn&s to 3 yield of 83.,4%
. of tho thoorotionl ammm‘b. o

< Iu gthor simunr oxparmanta o add:.tivos ctch as unoe, o (303)3
60,0 amd Wy (1303) 11,0 woro. wsod, which, hovever,' shewed no noticeshlo
* offoct on tha proz:oaa of "tho reanation.  In thaso oxporimnts. Yiolds
“of botwoen 30 and 33% oF tho thoorotica} ameunt woro abtnined. Tho ‘
guoatus oxidation: sf cyclchuxoxis  in tho friﬁedd:ubo dogcwibod undop - -
Cyolshozand, 6id not hring any lmprovoment in tho yield,.stiad §0%
‘only vras obtninad. . ~Potwevor , tho quantidy of the yonm'uah, oldy bye.
preduct wnp tothor mora sn this typo of reaction, - No attampt .
- was modo 0 idontify this substancs, whiich: probabl,/ oongisted of a
nitro or pitroso cochimtlion of the oyclohoxono: - Tho Oik ceuld ned
) i:ndo to ontor into furi:ho raaction wzr,h frasha &%rboiling nitrie
00 o ’

ermoarnxidutim—or tho- cyo‘!.ohnxcno vas; 20 droppud. and
hvaausntiom woro: sburted with tho capacity for oxidation of cycl&xo&ono
dnrs.vaﬁvns £ Figuro 6 oi' ﬂzo potetion. dingrmn)a - ‘

mddaeion of ¢ oloho gatorse -
Y amm:g cyclmexano \nth argnnic acids to h;ghor LOmpornturos,

. tho osters of cyc;dwmnox \vzn Bo produced“ ~{Ba unal. anale d. Chim.
Gﬁ do Hlyﬂp 8.8 215). : _ : o .
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“are ;roducazl., whon thoy ore ohtuinod from oyolohoxeno,, tho aoid only
uttachoa -i%521f0 4o tho- deuble bond ‘of thao olofin, without Qllmimtien o!‘

eyehhoxyl. 63tors sbtained by ons or gho cther mothod arg subjeoted o
saponifieation in the familiar way, ‘he. sams products aro always produced
‘viz. oyoloho mnol and doid.  For this reason, -there was Justification
for tha assuaptisn thot by the action of nitric neid on the astors for
axidibion MurpRses,. eyolohomnol is first of o2} rolamnd, and u thon';
changad Ante 8 good yio!.d f adipi¢ aocid. - . ‘

‘ ‘9o dooide this prablom, tho addiﬁion oompcund of auo‘bic acid wi'bh”
_cyclohexono, cyelchoryl acetate, wng usod. To aimplify tho method of -
Jmemration, tho ostor was morely propmarod from oyolohoxano! and aeet:l :
anhydridc.,- The erudo preduct-vas rootified, ma,g t mces

’nx;datxon of tho clohnl acetato.

‘ into 127 s 627, HHOZ, mixed witb Y li.belo Va0s4 62.5 sr.
oyolohoxyl acetatc were droppod at 762 . Tho poaciion ab once sob n
" and shewad- doveiopmnf epraoing with the oxidaticn of anol, .  After
cooding o 12% ana filforing, a paro whito adipio acid wag obtainads
66,22 gro adipio acsd © 87.6% of the thaorotisnl ansunt. - This. menont
rosult vas ablo to ko canlirmd -in sovoral oxzporimonts ee that the - L
a1 guosiion us to whother qyolchaxyi osfor can bo- sxidisod
- oqually as wall as cyclchoxanel, wos thoroby answered.
wag %o tost the maufacturing precesses ef eyclu’hexylaators. a5 g:
in tachniead 1stor ature, and improve thom go t!mt antisfautory yiolds can .
be atminud with homs ralin‘bihty. i : )

»Exr!mnta for prwﬂn vur:.cu., olohol. es’curs.

Tho xmt!wd indieated by B?nncl (3.,0.) was % onco d:smded,, ap 4% .,

. produced too smail yiclds and kas been surpaseed by moro rocent literary .
roforenvss, - Bruno} hosted organic acids, e.g. acetio moid,’ eogeth.or with -
oyclehoxens' fop 48 hours ¢o 180:230%, - Omly vory spall amsunts of tho
ocrrospondin; esters wore formsd "loss than on thirtioth of the thooretical
-quantitios".. . On the other hand, tho mothod published in tho Beriohton .
64 (1931) 23104, by Friose, givos a yisld of 89.9% 6F the theéreticalameunt
of oyclohexyl aacclate. ~  FMarthor resecarch with this mathed mde it ponai‘ble
to cbtain ylalds of 95.% of the thccraticax amounts .o T T

"95 a solutiocn of 16.4 gr. cyalchomno ‘and 75’ "B+ do0d ncobio wero
added 12 oom sulphuric aoid, whan only 5iight heating took plass. . Aftor
standing ‘overnight, 4% wms warked faz 50 minuts3 on tho bolling wntorhath,
%ho_ redotion selutisn uas poured inde 160 6b, lued water and oxtraated .

. with othor, tho othorial oxtroct wag purged of aoid ‘components bya . .
", solution of sodium carborato, ond the residue was fractionated aftor the
othor kad boon ovaporated. . First of all at B2-88%, 5.5 gr unchanged
origina} matorial is obtoinod, whilo tho moin fraoticm (26.5 gz') boils
bamon 169 dnd 173° ot 'rzo mat, L

. mis mothed woa now varied in o’ mmbsr of oxperiments as regnras N
sulphiurie aold concentration, reaction tomporature and “the soguence of
adding thoé Substoncos.. = 2150, othor catalysts, such as Hy FO4, fuming

_ hydrochleric acid, gesecus HC1, triehlorcacetic meid, 2nBly and 708
porehloric nsid wero used. . A1) these catalysts wore found to be .

" ocmpletely waserviceable nnd only sulphunc uoid in.the form of mo

e

: -9875 aoid a.lono,. pﬂduced good x-asulta. - ‘ g




In Volo I of tho "Chenie der Potroleum=Kchlommanserstoffo” hy
Bllis 937) - page-333;-tho-assumption-is-volced-that-the-catorifice
of oyolchoxono takes placo through tho sulphurfe acid half estor. .
total picturoe of tho many @ifferont ostarificotion o xporimonts in ocur
laboratory entirely ‘confirmed this assumption. ' Tho dedustions made
frem this fact will bo-still mero cloarly soon from tho following
chaptor, which donls with tho hydretion of oyolchoxons. " ° o

45 alrondy stated, sulphurio neid vma found to bo tho only '
soroiveablo catalyst, but it had to-bs used  in tho form of aoncontrate
aold for tho ostorifivation ar additien of orranic acids..  Wherons
with 95% Hp 504, yiolds of 89-93% ara obtnined, with 80F H, §0, the.
yicld droppod to €0.6% and with 60% asid to.,s50%, With fo a ditiomal
amount of watar esrpasponding to tho rising dilution of tho sulphuric

~ncid, tho percentafo of unchangod oyolchoxons proceodad on parallel
1ines. = Purthormore, tho nooogsity wua adle to bo confirmed of tho
oxcass of ‘iced acotlc ovar and above tho quantity roguired in thoory,

a8 Fricse also indicatod.

) Tho oxidation.of oyolchoxyl acotato with nitrio acid, a3 deseribod
abovg, produced a porfoutldy satisfaotary rosult as rogards tho adipie
acid yiold, but eortain faudis vore found in appiying tho mothod on )
a: toohmical. soales 1) . Tno troatmont of tho vagto ncid for re-=uco of
the nitric acid and tho soparation of tho acefic aocid is Gifficuls.
and 2) tho nocossity for using 98% sulphuric acid mokos tho progoss

@n oxponaive oile. During tho process of ostorification; tho suwiphurie
uoid is diluted to 16%, and hod fhon o ko concontrated again to 68%,

) In order to cbvinto those difficultios, en attempt was mde to .
start of £ with tho dicyclohexyl aster of adipio aoid.  In tho oxidation
. of this product, omdy anitric acid.adipic acid solution was to bo
‘.expacted. ' Ono part, - thorofare,: of the final product produced by tho
method is ussd as an .aid o tho rénction, no oxtranecus aoids neod bo
used and thore is thorafcro no necossity €o rocovor these again by

seoondary pIrocossoss EE s e

The Lirst thing to be found vas whothor the oxidatien of ‘dicyclehaxyl
* adipate with nitric acid could bo carricd cud oqually as woll as. that of .
cyolohazyl acotatoo - From omo mol of astor, in thoory throo molsof . .
adipic aodd were to bo oxpoctoed in accsrdance with the reonotion oquationsie

7




_ €0 gro puro, A1stilled dloyolaioxyd citor of tho adipie aosd
vere mdo fron oyslohoxanc) and adipio acid with 211 gr. €Y HNOg .
- (molar ratio 1's 8) at 707 o S

Obtainads 49.02 grs ndipie 00, Which nftar crystallising ofcs fion : W‘“W““‘“a:;

a

bor had e molting point of 1607,

Yiold: 89% of the thoorotical ameunt.

- Exporimonts for prowaring cyolchaxyl hdiio acid ostora. -

I¢ was ascortoined in proliminary oxporiwents that witheut tho .
help of sulphuric noid, tha addition-of adipic acid to oyolohoxonss, -
ovon with a long porsod of roaction, can bo socurad meithor ot soom .
tomporature nor ovon at higher tamporatupes. - i

N Furthor oxporimonts woro undortaken by msans of. tho oxporimontal
conditions (which wors found o bo satisfactory in tho vyolchexsnoeiced
acotic prooeas), using sulphuric aoid as catalyst. 70 gr. adipioc acid,
finoly ground in on agate mortar woro susponded in 30 gr. o0% 80, ,
and to this sucpension wore addod, stireingwell, 70 gre oyolghoxang .

Tho mixturo wias thom stirved for 22 Hours ot 80% and thon alimwed to
000l, tho unchauged adipic noid wns filtored off and the Piltrato poured -
into iced wmber, Aftor oxtracting the aquacus- layor, with cther tho
othoroal solution vas dried with ¥NgS0, and tho ethor togsthor with the
unohanged cyolshoxona: dis%4llod off.-. _Thore wos obtainod in this vay a

- darkeooloursd erude oster recidue of 80.0 gr, consisting of. cyclchoxono

- polymorisate and dicyclohoxy} edipato.. in ordor to nscertain the -
ostor content, tho orudo ostor rosiduos prodused in tho many ostorification
axperiments woro not distilled An a vocuum; instead, proferonce was givon -
To tho vory much simpler dstermination of tho oxidation ylold. An aligust

" part of .tho arudo aster was oxidised with 62% nitric acid, tho quantity
‘of adipic aoid alroady placcd in the ostor wao deductad fron_tho adipic
aeid ovtainad, and from tho rogidual quantity of aoid, the yiold was
calcalatod in relation to the cyolchoxons used for esterification,

The -aferomntioned. osterification oxporimont thus producsd a yield
of 26% of theory, 1.0, i€ tho oxidntion yield is ostizated at 87%, enly -
39% of tho ayclchoxoro uaed passed Anko: the ostor, 307 was not altored
and @ was polymorised. - In tho many oxporimonta that follewed; the
eulphuric aoid corcontsation, tho roanotion tomporaturd and tho sequenco

- of adding the substancos wore varied, = Fho adipic roid yiolds thus .
obtained,: in relaticn Go tha. eyclehexons Smployed, in tho meat favowrable -

. asg_only amounked to 42% . ef tho thearobical amourte 00 PR :

ooncontration wsad wns 64, tho ronction tomperatue 78-€00 and the dwration

. .of stivring 16 heurs. ' Tho.addition of Agi03 -or AgzS0) as cntnlystd, : ‘
.. a8 normlly wgad ‘suscassfully in ostorification, afforded no imprevoments -

Fimily, attompts woro mdo to attach cyolshoxono %0 adipic goid under
prossure, using 8olid catalysta, such ac BOR phesphorie aoid .on adbastos o
or ZniiP04, the ronotion boing carricd cut in tho sbirror autoclave at 180°C

. ond 78 dim. excosa pressurd.- . .- Tho yiolds thus obtained wero, Yiesguer ,
only la% and loss, 59 that tho axporimonts woro cuspondeds 48 a £iral
possibdlity of ‘obtaining adipic dcids from cyclchoxang, ozporimonts wore
gondusted for moking cyclohoxono into cyolchoxans} by hydration, Pigwe
6 of the rcaotion diagram, ~ - ' T . .

.
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rimonts for - cyolchoxanold b h oyoslchaxona,

 The igﬂ,\xﬁ.tx:iﬂ_mmmoctuno—orf-éyolohmmi—tmuun yGarTI0d
by hydrogomating carboldic acid over nieckol eontnots. Tho furihop
+» Ppesaibility, of nttaching wator to oyclchexeno to mako ‘oyolchexansi,
hos "indood boon dosoribad in patont literaturo, but the mathods -
concornad havo not yot found o px'nctioql applieation, ’

Thoroagon for this may bo sought in tho maximum' yiolds of only
| 86-75% of tho thoeretiocnl amcumg cbtainod. - With tho famtdiar additien
‘of wator to olefins, by tho aetion of ‘sulphuric acid of o dofinito :
) coneontration, tho use of conplox- hoavy motal compounds of tho ‘obsorvance
of cortnin tomporatures oro given as tho chiaraoteristics on which tho
patents aro foundod.  4n oxamim+tion of thoso patents in o numbor of
oxporimonts, yiolds of only 60 to at most 65 por cont of the thoorotical
amgunt wvore obtained. . , T .
The difficulty of the froblam t0 be sclved, the polymarisation of .
thoe cyolohoxono boing rostrained as for as possible, oonsisted in finding .
oonditions for ihe roaction.in which the hydration of the oyslchoxeong
- was not impajred by thoe ydactien of tho separcticn of wator from tho
" -eyclohoxanol formed ; with concontravs:l culpburio.aqid or gsome othor o
dehydrating agont oyclohoxono,cnn_varyfonej.ly—bo cbtaiped Trém ayclohoxnrol .
I'tvas thorofore te Lo assumed ‘that ‘a temporature ang concontration o
2one must oxist within rarrov 1inits, wharein tho hydrating reaction - .
_pradominates.. B e o ) LT

Tho oxporimontal arrangomont and method of oporation wns agsfollews:

In%o a round fiask fittod with ground - stirvor, thermomator, dropping
funnel and reflux sondonsor was placod a cortain quantity of eulphurio .

aocid of knwswn consentration; the acid was woll stirrod and q wolghad out -

. amount of oyolohoxono was 8ewly droppod in through the dropping fumiel.
Aftor tho ebserpticn of tho first drops of cyclohoxono, tho acid -
ccquired a red coleur which gradually hocamo moro intenso, finally turning
bromn and even blaak, fairly rapidly according to tho conditionn of . ‘
tho  exporimont. At the Samo tims tho contonts of thg flagk heated up
oonsidorably, and had to be coslad in order ¢o koep to 4 dofinite :

rature of Feaction. At tomparatures ef oves 609C, the mg3s bosamo

oy and, a8 found eut subsequently, tho W

polymerisation of “tho oyolchexaesthoreby attained a higher figure that a

low tomperaturas, The spead of tho dark discoloration as wail as its -

intonsity served as a visual indication for-the polymorisation of thae "~

.- oyclchoxans and therofore for ovalunting an expsrimont, whiloe it wag atiil
" dn progross. AT e

Whon the oyolchoxons had all boon Sroppad in, tho stirring of the:
‘roaction ereduct, which had now bsoamo dark.apd vigoous, was contimed for
@ while at room tomporatiro; the mizs was thon stirred and slowly ‘peured
into a dotormined amount of iced frator and subjeoted to:stoam distillation.
Cyelohoxanol, * water and unchangod cyclchexane wore thon distiiled ofe,

In the rosidue was an.oily, dark»colowad.oynlahmne-polymiaeruf;_e gor,
which flcated on tho diluted sulphuric aoid and on. cooling soiidified to
form a viacous. rubber<Yila mas8a— Lt ‘ e :

- From the distillate thero was sopirated off in the soparatory funnol
tho aquocus distillate, which wag axtéactod geparatoly with othir. Aftor
purifying this othoroal oxtract with the oyclohoxanol oyclchoxone layer,
“the. whole solutsion wag fractionatad in tho Widner aolumy, - - R
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. The £irct oxporiments dotermined first of all tho optimum sulphurie
acid concentration. - It s feund that relatively good ¥iolda wero only
obtainad by the uso of 80% Hs50,, Strongor convontrations brought about
mora advancad polymovisntion ard with cona ontrations-bolew-758;—t .
porcentngo of unchanged oyoclchoxone was greater, As.rapardz the quantity. .
of 80% H280, to be- usod, it s found that fer forming the HpSO4- half -
ostor b K ' ' S
4]
AN
o 80

G

e

tho amsunt theorotically required was suffiodont.

-Under these conditiona tha £ollowing moan:valuo wus obtaigods onol

Yield ~50%, unchionged CeHinrvB0R ana polymorisation’ 1636~ 307,

Ia order te fird.out tho offoct ef stoam distillation on tho formtion
~ef anol, o faw distillations woro carriod out under.radiced wossuwroe, o.ge
at 630 m Hg and €0°C, - ‘Tho cenvorsion of tho oyclehoxens thus wag v o
voduced to 30%. 7To all ‘appoaransos, the temporature of 60° was insufficion:
‘o devsmpose the half estor into oyclchoxarnol ond diluto ‘sulphurie aoid. :
Sinco the fermation of ostar takes place with considsrabio gonaratisn of”
heat, the weaction of splitting tho estar must bo-an ondothormal reaction,
Te find oud the reoquisito tomporature, tho Inif ostor was hontoed with o
suffielomt quantity of wator to onty €0° and 80° ¢, oxtiracted with othop
tho. otheranl -soluticn was fractiogated. - Only 20-50% ef tho -
oyedohexono was thus convardad into anol, . 1In the came ¥ay dirget 0
distillation of tha renaction: product, diluted with wator, - produead vary. pesy
-yiolds; as in this easo the ‘eulphuric acid had o disintogroting offoct on

the erganic substanco, large’ amgunts of S0y wora givon off 4md the celmdien
acquirod a greonish-blaek Goleuz, ' This sﬁm{cd that: steam distillatiesn e
* . absolutoly-cssential for the campleto decomponition of tho aster.

~The-following stoam dis lations woro again earrded out undor ‘
. -atmosphoric. pressurs, ard tha stonm was' suporheated, © Tho quantity ef -,
" anol"fermd novr reached the ‘PrGVious. lovold of (0=65%, whila tho. polymorisation
loas vns dininishod, although it $6111 amcunged to~-20% of th cycichoxens . - -
used. — - R T LTI = B P et _i. [ T T B

. ! : : L by o : .

: Tha rosults wroviously obtadned peintod to-tho fact that ¢he eauso of -
the oyclchexens lossen, er for tho Poor convorsion. to ancl, wmas net ¢e bo
sought in the stoam distillintion preccss, as poosibly tho rotrograde
reaotion of ths aplitting off of tho vator from the anol thus fermed
occurrsd through tho actica of the sulphurie acid and tho high temporature,
-but rathor that “tho: coxditions prevaling  in ‘the proparation of tho hoif -~
ostor woro of dooisiva importanco, e i

. In ordor to ascortain tio' offoct of tomperature en tho polymerication
of cyoichexans, in semo oxperitonts tho: holf ostoy was woparcd ot 09 anz
=16%, - Even at thaso lew tomporaturas, the solutien was diseslawred ot
“the eame rato as at higher temporaturas. At tho sam timo it wns noticed
that ¥he rats ot vhich tho oyclchoxeno vias absarbad by the sulphuric acid,

1
- . e N . IS




droppod considorably, oo that longer Poiiods were required for comvorsion.

g The approximate depondenso-of polymrisation and anol formation
on tomporature will do seon from the acoempanying ¢abia. Agoording
‘to tho lattor, the favourablo tomporatura range appoars to bo 35-469% ,,

norieation 1oss inoreasad obvrrosﬁénd:‘lngly‘aa the temporature -

- 6 po
"of the ranotion roso above 45°, wniyo bolew 46° i¢ wag fusrly-oonstant.

Tho amount of unohanged oyolohexons, on tho other. hand, inoressed
with falling tamporature, S N S
; ) only dootding
. | Attompts wore therefore
‘phyaienl conditions, to influonte polymorseation
the kalf ostor 1tgelf, By dint of intensive .
An. the - polmorisaties

; ). ‘OB pooy stabi
of tho ammloion firet praducod, brought abeut by the 80X aold
inoreaged tomporaturs, proventod tho dosired offech from boing obtained. ' .
. On tho othar hand, ig a good emmision was prodused, consisting of I
" oyolchoxens + emalgent end o omall eamount of wator, and thon
- the raquired smmont of ! . for, :
sater, tho ormmlsion wa tho woaker polymerization
- mde $1¢201f noticeable ho renctien Froduct, and:
the results adhiove strated by the oxperiment
doacribod belaws L
"+ 80 gro_oyolohasono Woro troated with 1 gom mopasing sulpho acdd;
‘b0 this selution worg: added, stirring well, 50 qom wator, whereby a whito
omlolon wag predueed, © Within I henr 100 gFo odnus gulphurio Hoid wore'
thon droppad in, tho renoticn Froduct was stirrod for a furthor A howr
_and allozad. to_stand overnight. - Hoxt morning, ths reddish-brovn solution
' Wes poursd on to. 300 gr feo and dictiljcd with superhsatod steam: - Aftor .
‘goparating the aguacus ‘ocndensate, tho. latier was extracted with other
in tho eoparating fumnel and, after drying with HBgg0,4 tho.othoreal scintion
fraotiocnatod. . - LT : LT »

o : Tho cyolchoxaned thus prodused was ocombined with the anol mdo by |
tho fractional distillatien of Choe ‘hydrcaarden 1ayer, and then weighodo
-The first runnings obtnined ot 88° consiatod of unchangod oyelahexons. -

T i initions. e

i

1, coﬁﬁérsim - 100%e % unchanged eyolakoxano.

‘2, Anol yiold g anol fosmation :Ln’;'z ef oyel %on0 exzipioygdo
80 Anol formtiein s % ancl from comvortad cyolchosona.’ :

Thoro wero obtalnads . e e
5306 gr anod and 22,0 gg cyclchaxons & 27.5% m!chansod Celio.,.

B Polmz'-!’.aa"tisa.'; ct'mvareiohv - exiol Yiold.




Tho corworsion thus amounts to 72.6% i.os 58.0 gre Cglyo comvoried, which
should thoortiscolly give 70.8 gr. enol; sinco only 65.6 g ancl ware
obtained, tho formrtion of anol i3 75.%. = . . . X

Tho ano} yiodd ia thoroforo 56%..

Tho doas—saAused by polymarisation i thws calouloted frem the d&fforonsc
botwaon comvorsion and anad yield: T U Tt
Convoroicn ¢ 72,5 %
"~ anol ‘ylold B5:0% . soen
: : “T78% polyrorisation less
. Such o mothed, viz the spiitting wp of tho roquisito 807 HoS0, into
- 98%: B,80, and wator, Whioh is roguired for proparing tho omlsdch, involved
howovlr €ho sorious drowback that the sulphwric acid, diluted te abgut
- 26:30%. aftor stoam distiliaticn, hnd to o consontrated, net to BOZ but te
" '88%, . ‘This significd a very much groator oxpoxditure of hent.

On ‘this ‘scceunt, the fellewing exporimonts woro conducteg with 807
aoid without emulgent, whon, in licu of the emlgent, an alipliatic oy
“arematic solvent that is proof ngeinst sulphurioc acid, was usod. . Tho
objoct of this was to mako the oyclchoxene roact with the sulphuric acid
4n dilute form. - Lo e IR B

. Vs . B I
As will bs soon from the reaction diagram Fo. 6, for obtaining
- ayolohexono, cyclohexans is roquired as.an Antermodiato produst... As it is
on advantage to pursue tho chiorinatien of tho cyclohoxane only as far as ',
& diluted cyclchoxyd thlorids, in-ordor $o°'avoid the dceurrerco of highnly
ohlorinated products; by fracticnal distillation a. cyclchoxyl chloride=
oycichoxans solution of any dosired:concentration cen bo prodused whish, .
aftor ‘farting with tho hydrogon c¢hloride, furnishes a. solubtion = e
oyoclchoxone in cyclohéxano of the samo or similar solubiom.- -

7 I% vms tharofore an obvious - cenclusisn’ to use cyclchoxane as o
diiuont. . Cyoldohexano wns fourd te ko suitnble for this purpesa, in- -
acntrast to tolueld, xylol, bonzono ond gesviine, as it deos not ongngs in

any recotien with sulghuric acids

{1l The ‘Pellewing oxporimonts.wore cerriod.cwWs.in such-a way. that. tho

" oyclehexansoyclichexans soluion {%o bo reforrcd. to 86 C.C. s0la Lop™ " -

" ‘short) in various concentrations vas plaocd in a cylirdrical veasod £iteed
with a ghirrop and heatod %o a% oast 30°Cs thon tho amount ef 80F .

auiphurie acid roguirod theorotically wos added drop by drop, stirrirg

" vigereusly. " The formation sf half-ostor took place with tho gaenoration

of ‘considarable hoat, ard tho rouction product aesuired o brownish cslour,

bocoming visesuds - When add-the sulphuric acid had beon added, stirring

was contimed for-a Whidao & - e L i T e :

0 ikiom GG solutions of 70 C#10 in € flyp voro usod, tho roaction
* produot vms a stabla, visowus omulsions with cencentrations of L9708, en
cemploticn of stirring the.C.C. layor was-goparatsda Both deyors were

“poured .inte iced wator and distilled with supsrhoatcd stoam, [ “The
" subsequent treatmont was pracisoly the .semo a3. described abovo. - With
- gtoam distiltiaticn in'the laboratory, abaut 10-12 times the yolumo eof ansl




" a soluticn ef ‘potossinm bromto.

amaJalod 30 oquoocus wendonsnto. By oxtraction with othor, on an
avarago 12% of the <okal ancl-fqi'mdgi ‘was-obtained from ,tl_xg,o‘quoqua .
condonsotoo Care s L0 R R

-AS tho boiling point of oyclohoxans (Kp 80°) and cyclchoxono’ R
{Zp 62°) only diffor by 2°, in ‘froctionating tho C.C. layor, a fraction
was obtained botwoon 76 and 629, contrining somo wator, oyolchozane amd
2ho unéimngod oyolchexoro. . Tho lattor was dote_x'miuaq by titrating with

"Brporimonta to account for tho‘ostm:ifieutisn 'zroaction.'

In tho various oxpariments following, tho tomporature of tho reacticm
- and the degrao of dilutien of tha hydrecarbon solulien woro wariod.  The
“Posults may Lo ceonfrom’ the accoupenying tablozs It was feund that hora
egain tho exporionce proviously gained vas confirmad, nnmoly that the
reaction tomporaturo must bs Tiotsvaon 30 and 40° 5n ordar to obtain a

-sufficiontly rapid and camploto reaction with the aulp&urip' acid.

7 AS-lewor tomporaturos tho amount’ of! unchangoed oyslehoxons 'incmn'sjaa,‘
_.¥hilc at temporature ower QQ?,,Apolymriqption,,comos_-\’se %ha-fore, . Up o

362 tho AnGtor has m feirly constant valuo » 50 that tho proeoss of
Torming tho half-citor at 1owor “temparatures and corrospondingly. longor

;_._;.A_;.,,,f:imasﬁal‘waonvoxtsioz_xnut’.t_‘_cads_no-udvantago7—7 -

Regarding the mest” favourabio ooncontraticn of tho hydrecarbon - . ..
solution, 4%-will be saon from tho :11lusiration that solutioms’ betwaon
80 nnd. 90% cyclohoxono in oyolchoxans furnighod. the bost rosulbs, The
conversion is 78%, the formnticn of anol 953, .. 22% of .tha  cyclohexano .

- used Wag recovorod, while 3% pnssed inte polymorisate.:

Depondense of docompoaition, Anol yiold, polymérisation and Anel form.tion
on ooncentration of hydr ocorbon Beduiohe T :

Bxpors Ho .% oono. of hydree Hon=docemposad Dsgompe~ . Anol .~ Polymor- Anel - oo .
- <arben S63. : 03'..0 % . ditlon® yisld fmte % formbion £

JA6S W00 L yg 20242 - 7869 Tr13:8000 18646
SBOB g 22055 ERE. 1 748 ‘265 96-4.
i62 a Toodk : 16.34 : L RTT 6216 92.86

- 160 - BO . : Lo S BBl 8686 87,8
7% b ! 40,68 ., ] R - R 62,5 7 8o . v 1.6

. B3 - 34 . 0 St : 0 6808 T - 88:3
o= 288 31, S 8800 8625 . 888 -
iBe B 1% i B8 e Tl 891 1.0 2.6

. hydrgearbon solutiens, which at tho ‘ond af the veaction with -sulphueie ;|
“eoid or half ostor solution form twe layera, o soparatiion of the reaiducl
. HCo Jayor and ‘mere stoam distillation. of the half ‘egter dayor,. invelvas
a rodustion in the anol yidldgs. . Theé lakter wmas the easas - Thus, fop -
instaneo, by using o 322 H'lo -gosu'tian,'séparation‘of the rosidual H.Co -

- layer-and mero stoam distillation of the Kalf ostor solution, the mormai - )
comoraion of 66% fall to 57%.. I wms Hien assumod-that o smail poedden: |
-of tko.vcyoblehoxéhg,\mj,g}rb ba ext as. sulphirio acid- diastor, which should -
-bo_considorably more solublc 'in the H.Ca loyer than, for Snsiamee, $ho @ . .
_ half-ostor, owing. to the absonge of @ groo OF griup. Tl

1% was alao of 4ntewost ¢oesdortndn whothor, by using moro’ diluted




. To conffrm this assumpbion, tho H.C, solution was ringed sevsral
i timos with sedium bioarbonnto solutien te romovo tho froo sulphurie
e aocid and driod with MgS04,  From tho sulphur.indox obtained by
T L again tho corraspondmg amount, of cyclchexono or. anol wan caloulatod,
It v feund that with o S3% H.Co 501, aftor tho reaction obout 6-05
of tho oyclchexono used was prosont us diestor in tho reosidusl H.Co )

'layor. On soparating tho lajor baforo steam distiliation, the diogtar

$ thus ‘provaentad from boing saponified, and thorefore a docrouno in
oonveraiou ©or anol formation of o.t least BE ‘must oseure,

" As alrondy stutod., ‘tho " bost yields wore o'btained with 88=90%
Ho.Co s8olutions. With concontrations sich as those, after tho
formtion of half=estor ic complete, an-iwmadiato soporation of tho
cyoldhoxnne layor from tho hnlfuosbor luyar doos nof: ogaure

: Isi.order to dotarnino tho oonvoromn, 1.0:. So whnt exﬁont the
cyclchuxone used is convertod into half-ester or diestor, a half- -
aster-soluticn mado with 89% hydrecarben solution was shalon up
goveral timss with oyclehaxanes . Fhe eyolchexane solutions obtninad
wore combined and rinsed with. sodinm blcarbonato: solubion to romeve -

“the froo sulphuric acid &snd the sulphurcus-acids. ' Pitration with
potassium bromate yzeldod a oyolchoxono coutent corraspending to 2%
gi' tho csnlonolutieno Thur; 98% wu.c convortad in(.c hulfooster ar.
1es'boro

'I“nn hulfoostcr oolutlon £ ood frem umhnngud cyclc«hozono was-
'd:.stillud with steam, whon 20% of tho- cyolanoxone usad was’ reoovor

Tho- comramﬂc.z« as thut; roducod from 98% aftar {-.ho lmli‘ees’car
formtmn LYY 78% aftor saponificntiona -

s oxplain this- phonamnsn‘, e posaiml:.tios arg caneo:vablo:;

1s Roh'ogz'ado dis:.ni:ogz'nt:xon o he' cyclohcxyl astor nto cyclo:
- haoxono ond sulphurie aeid e’ - : L o

z., Wator soparabing ncLeon of tho ..uxpimricxcid on anoi that had
nlmady boon fermodo oy

‘1In tho- npocimer oxpm'mom, a quant:.'ay -of puro anoln “'C“Z‘O‘?pﬁndlr'{,
i:@ conditicns in a laboratory stoam distillation, wes distilled with
. 29% suighuric ncid and steom,  About 5% anel wac converted into
cyclohexore. - In proviocus oxporimntn, on saponifying tho hadfeqster,:
.- feur timas’ tho. amount . of .¢yclohoxono, compared with tho spocimen -
" oxporAmont indeod bocomo froa, but 1t mry bo assumod thnt tho oned
‘rolcmnod in ztatu nnscendi is moro reactive ond submifs moro sasily -
o tho dehydmting actian ol' tho sulghuric acide’ .

s In order, dur:.ng sapon:.i’;cutiang %o’ provont nha undeu;rod
socondary. offoch of tha gulghurie acid rolepsed; the half-sstor
“solution dilutod with wator wms mxcg, boforo treating with stoam,-with
_ 11}13 wator, agmonium: bicarhsmto, pobassiun acotate cr ‘potash 3yo, with:
~officiont ccoling, in such a way itknt. the whole of tho.geid rolcased
wags noutralised.. Howgvor; ald tho aikilino ‘additivos rosulbed in o
raduction of aboub 30% in ‘the, onol.yisld. " .On - ovaporating tho solutie
- .swollen m.th, etoam, in nddib:.cn to tho. su‘lphurle void=nlkal§ sait,’ tha :
L eerxroapondmg n.lkalina eaih ‘of . the a_;v.d oster uas a!v.rays t‘o.mdg thi :




35 net volabile in stoam unﬂ ﬂ;droi’o‘o teings aboud a rodustion in tho
yio;d. Tho oddw b*on of nou’cralmmg subakancos was thoroforo ebandgned.

Invan{.iation of solvonts :n -'c.ho snonimention reu !.un.

‘In fu.'ehor aupomi‘;cutaon ohporimn’“s tho oi‘foot of add&n@ soivonta
to the hmlf=gstor solution: m tho -saponification reuotion was -examinedo -

‘The’ sulphm‘zc uczdchnlfeaotor ‘solutien wus. poured into mothyl
= slcohel, othyl alochol or normald butyl alcshel, with offiofent cooling:
- ond stireing. Still with gocd cooling and etirreing, thoso alccholie
solutions wore diluted with iced. wator(, slwlymrmod and fmny ‘
diatnled 4n atonm., . . : .

Therosults of tho ozporimnts gharm in Tab].e <] shmr that in fhia
‘wiy the votrograde aplitting of the. cyolchaxono-may He preventoed, - - »
tut on the othor Iand ineroased: polymor isaticn talkos place., ' It 4s -
- ¢horoforo more advantegosus 6 dilute. tho half-estor solution with water
on%y ot a lowor temparatuvre and to sn’b;)aoe ‘the eppreximntoly 65%
hydrecarbon solubion produecd after sapmsﬁ.fication 4o furthor hydmtion
i.n & Gooond Jb&ﬁ()u )

The i‘oliwing oomrox'aiona ard- vxeld.c ara obbainad m the o=
stage ... Stago 2. :

stngo prceosrs :

'-Doamnposi’cio‘n 2 : e ,‘76%~,~
Anel ylold .3 s 66.4%
Anel fermaticas .. - SR : 1 Y4
. Palymrisa’aion: - )

-t c x :

: n viaw of le!m wolloknown gcod catalyﬁio astion nf anvar oalts
an ncrm:i. ostorification ranctiony, & Fow hydratien umrmmé wore

. earpiod out w;th %ho_addition of cHgGOQAg o Aggsog., < 1n' theso
“oxporimonts, busavor, the additicn-of silver has: e -offéot ‘on tha ys.om
or an tha spaad of tho reactisn. o o ) o ;

Detotnﬂnation or -bhe aulphm'm aeid oonsumptiom
!

Aﬁ:or naoorbuining tho most’ fe.voura‘ble nxpurimantal conditions for
px'opnring oydléhoxyl sulphuric aoid-ester; tho question’remaimed opan
ag tovhothor during the hydration’ proécess 1o§ue in’ snlph\n-io acid
. geourred and whethor tho rfosultant diluted noid genld ba evaporatad
‘without trouble to 807 and recmse for firosh reaotionss - Por this.
purpase,- in mihy exporiments & sulphvric acid ‘balanoe wag- oetabuahedo
“Aftoer diluting the halfcester: with tho, requirdd quantiiy of wmater s .
- %itrimetrio and a gravisotric determinstod. of HyS804 waa corricd outo
~ Stoam distillation was them: carried out &nd the Ezgoe content of - .
-tho" distillation rosidue dotormined at the same time.: Finally the now -
- Poughly 27% H;80, residug, eftor Seporating. the polymerisste;, Wag - :
Wa}bntmted at 60 mn He until tho H,30, had risen to 80%.  Ths . ..
c Wwith 50 m Bg waro 40° te 13689« The 808" ‘
33504, vas Indedd rathor, dm'k i1 ockelir, but ocnld bo uiod withestdiffsonity
rar b. hydmtisn meotion. IQ-. s fonnd that during ehe proparatiw el




) Tho snbaoquont teoahmnu of tho H380, proecodod Withoud
3 Wo-thnt—ﬁ“-—ﬂw—ﬂﬁ%—eﬁgim&wed-mmﬂ%mps .
as 80% acid for o now oxporimonde - :

7 In the oxidntion or the ostera formd from cyolehoxon: end or@msﬂ R
‘ adids with nitric acid, i% muat bo gupposed that- in tho Piret veaction
- Sharo ocours @ saponirxcntion of tho oztern to form cyolm;umol ard
. trganlo 80id. - In tho Sagend stago tho cyclohmnc& m:mad i3 oxidix:nu
by astrio acld o form adipic acid.

Dircgt sm.dn.tion of mst‘eoabcr, : . ‘ ‘
“fha noxt stop wns to opply thic puaibsnty " tho dircos oxidatien

- of ‘the’ actor, undor tho sapanifying ond. maising gction of nitric acid,

%9 tho cyolohoxylesuighuric acid ostor. - AlY tho oxporimsats &n this
" #%rootien worg, hawover, unsuoesssful, as (1) tho sulphwric acid rolcaztd |
by 5o caponifisatien of tho ostor caused tho nitpifying action ef tho
- ‘mit¥le weid <o be olipiod by the oxidising acticn, as that large :
o -quontities: of nitrated gosomdary groducts waro ‘obtained and 2) tho"
.. suiphuric acid roleagod invzoazes the Boluhmey of tho adipic acido
.-56, that tho . ioohtion oi.‘ $ho ad!pic acid i‘c:mcd 10 made difficulld.

' : Iﬁ; wasg az.eo fclmd tbm. m’t’ho‘inmye& of $ho- y&ul.d and of tho
" ity of tho edipic acid fo'bo mado, tho dotour ropresontad by atosn
distinntian and separagion of tho pro andd bad ta s ausmd ron-a :

) ymzd of abaut 507! ] an’ averags of tho aonsgrtod eyoxom:mne,
'jvhich ‘st bo rogarddd a ry geod ¢omporod with the wosults. provzousiy

publiched, mko  §5 appoar-that Zho. hyiratien rrseass dogeribed 15 &ho . -
: "bast mIONE - 1'0:' obmnzng ad&pﬂo c*d on tha hasss of "bou"o!."

Smmm‘

: In wrz A of the pmsnut ars 1clo,, ﬁwro are daaox*ibed tho .
- gas-onalytical imvostigatisn of ‘tho oxidation of oyolchadancd oand _
oxporamn‘:;s Lo obtn:lmng aml mklng nmyl ndz.p:.c aoids in ‘ahs e

e Cyclohnxnnn nmi i.ta dcs'avn*z.vou aro nmminad s.n nnny luharntm ¥
_efxgqrimne ‘86 rogxrds tho* 0b5.?.ity fer exid'ztion ﬂai.h mtr:c aexda

e:‘"\'lhose convaraion into cyciaho:mnoa a hydm*.:ten procnss \70.0 ovc.L"cd
: pr..d&!otng y&o!do of 90% of tho. thco satical mneunbo
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: m¢m3‘m PEYSICAL INVESTIGATIONS TNTO THE NATURE OF KNOCK
y Dr. gg PAY Somdt Borlin-Adlershof .

" Opiniona es to the caun of _1--- the gasoline engina have for o long on_
dxvided tut the view which is generauy shared eo-day, that knock 1o ¢O be ateribﬁted .
%0 an- appx-oximataly simultaneouu ignition of thé dnburnt residue of the mixture, has -
been represented - inm mny papors, some of which dete bank a cou?idemble tima. _.In sb }g
, connection menti?n may be mode of the reeeiggh work: of g cardo VSchnauﬂ‘or( ’ )

Withrow and Boyd(%) Hothrock and Spenger Eg,ertom( . Bropze ,,?) Lindnow( ] i
others. - It hap also been aeoartained that with the knock process, a pumher of pera* :
llels to other ignitiou processsa’exist, e.g. to sei(s”tgnltion with Diesel combustion,

- and-of course ignition delay;- for instence, Wilkie hag pointed out tho regulaxr

'rolaticnship between cetene end ockene ‘Tumbe The reproducible affects on the mook~ '

ing tendency of the preasure and temperature-of the induced mixturs aleo point toa
regular connection batween the reactlon procesaaa -nd k:aock procesaea 1n erginos .

In order to obtnzn a clenr picture ot the laws govoming the ism.fton Pronecs and
to ascertain the factors that determine kmack; theoveticsl investigations and experi-
ments with linock phenomena in the engine, and with ignition phenomena in bomds end
‘other apparatus, were - c? ?nc?g ?om g?ar? §o soma or the Pesulis obteined have',
alreudy been published 10 3 1 13T, Simiisr research work bty the m'ieex‘ hap
' shown ‘chat boi'.h the ignitﬁon prooeae in the “diesal engine and the knock process in the
gea)oline ine ean ba gxpla;ned by reactione vwhoes spesd is proporticunal to a faostor

o {For oxplanation of aynbolzx see belo«v)y Analysis of knosk tests aboved that
the eatabnshed lews governing. the ¥nock phenomene in an engine 3 relation to. comprea-
‘sion, initisl temperature and pressure, and ignision timing, Tor ¥ given fuel with a’
gongtant eir_oxcess. cam . be expressed_by: 8 " ningle equation for tha spead of resation, C
taken ‘as, proportionsl to.a power of. fthe presgure-and the. resiprosel of &o e-funstion’ of
"-the inverseé value of the temperature, with thé seme constants for oll experimends: - For
@ comparison.of the results obtained from maasurements of the.ignition delay Wizh ‘ehoae
from knonk meaaurements, from the aquation ror ‘the apsed of the reav,ﬁ:iow e

R T (B 4 Ve Vo
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- ! was

C.am expression dsrive&a for tha igml?.ion delay in’ the gaaaiouo p‘nase 50 that i% 19 poaa~.
idvle to determine the constants. in ' Ega?eion {1} from the velues nizpsured for the ignition
;lelay . The equation ‘ghus obf;amed
3. .

the absol ts f.empere‘cura at the commencemont of ‘the :ugxhion dclay

. the preeeure at the beginning of ‘the: ignition Calay :
; d and a - values’ dependmg on the type of fuel, which ia the ’a..mperatara renge und
S conaideration may on. tha' whole ba regaz'dad as «,o'xa saRe - o
“».the variable tamperature during the ignition delay
'8 gorreetion factor,. sllowing for any temporatura im.ruaae \.ha\. occu:a through
)‘che reacmen dm' ng °ha delay period . ;

In tl.\e event ot‘ i.he re‘-ctien proceeding with: the same heat: c}avel cpment. in $he wholo‘

tomparature ragge under «.onaiaermmn for calaulating ‘the ! ig‘nf,t*on delsy, the: value/seaﬁ‘

iso be z'wen 8 nun:erical valua

for the ignition delay =z & n the gaaeov,us phaaati“’

n!uwm
g il




but. ere mesn veluca which cen be ovolusted ss empiricel quentities, end po spusial
pbysiosl significence con bo attached go them!}B).. In epplying thess equetions. po -
nasumptions c¢an be made es to the couvrse of the reaction in individusl cases. ospocially
. with rpgard to %imo, but the equations charsaterise the total reaction process, in which'
1t myst.be sssumed that intermedinte resotions ocour and-verious reactiops sre auper-

- Ampoded on essh other; i.e: in almost #l) cnses that occur in prackico thoy proceed ac
. ons——Fhe—caioulation—tn-accordance-with-—shis-nothod-doea-notb_Lh / N
desoribe the prosesses during ignition individually. - I3 oply enables the resuli of ¢he -

ignition pywavse to be computed mathematically.’

The ‘spplication of the above-mentioned relationsbips presuppones that’ the velocity
_of tho reactions in the unburnt pert, which- lead to ¥mock. cen ‘be expresged-in.the~:. .7
entire tempersture range under considerstion by on equsiion with the unchongsd conatants.
© . Actuaily, the charscter of the reaction mey very with tho preasure end temperature 0 a
‘very considerable fegrec; as has been fraqula_nely-ahown(w)‘ In tha. course .of pravious.,
evalustions - it hss nevertheless teen ghown “thet wniform relavionships-may be emswsed - -
ond that caloulations can be made with o degree of suoursey genorally adequate for. tech-
-nigal purposes in the ‘exporimental renge under congiderstion. - - : S S,
_ In the vase of equation. {2}, » tempersture ineresse, corresponding o the intro~
_ dugvion of the value & 18 prewupposed during the resction;  With the occurrence of
shain reawtions, bowewer, the possibility exists of -E?fg}}eraelng‘the resgtion vary ... .
gonsidersbly without appreaiable wemperature increass’ ™ . Beactions without hesd -
dovelopmsnt mis% nevertholsss ‘be Tegarded: ss exceptional-with-fuels: that:durn: on: the. .
~whole with Breat hast development. - The posumption that heat i sloo released a8 v -
result of. the chain reaction i5 tho wore general one. More recent measuromenis con~
serning the processes during the ignition dolay period huve somfirmed the correctness
of t¢hig mssumption: = . - 7 e S e DI

o In--the. mtarpretatim of the knock oxperiments mentioned, & resction; eqﬁetxon LET o
obtoingd, which {ndisated, 8% the moment when the commencemeny of knouk -was apparent fram -
the indigetor disgram, o-rapid inilemmation due to the incresse in the speed. of tho re-
agtion. . - e S . : Lo T . e : . s

* A nomparison of the wonstonts obteined frourthe analysia of -knock tests in an engine
by varying the operating wonditions (see equetion. 1} showed goed qualitative dgraement
''with she—valuesiobtainod ‘from Equation (2) besed on. ignition- delay measurensnts. i

in the methematiéel investigation of the knock procoss iu the engine the ‘reastion
speads, and therefore the oonstents’ sould -naturally only ba determined epproximately
ocwing to uncertainties in. détermining the temperatures in: the engine snd owing to the
influence of "wall-aeffec%” end thae other- insccuracies.inherent In running engines.’ -
Estims tes of the iimits’ of -error neverthelass showed thet the velues thus obteined must
" be of the gorvect Order of megnitude. . : S " e

At these ertors in comparstive eugine te&ts with verious types of fuel are always .
ossentislly the seme, end met in e similer menner, the main interes® eontres. round the.
relative verietions. of the wonstentis in chenging over to other: types of fuel. : !

The’ mﬁuéhm of the fuel propertics on the offacts of praseure end Sempersiure on’
“.the speped of-Tesutlon, obtaiped in-ignition delay meosuremsnts in'e c‘m’npraasion apparstus:
was found $o bs of the eame order ag in the engine tesis, N ! : “ &

- Persioulariy’ veluable wers observetions on 4he knoek-11mit using gesoling with' 2ad
wighons the addi4ion of leed tetraethyl, ..In ennlysing these tosts) the knock-raduzing
setion lof the jesd tetrs othyl ceuld be allowsd for as a Pirst approzimation, in-escord-
anye with the abovs %heoretizal wonatderations, by an alteration in the value of -3 im
‘Equation k1. A P LR e I

. These. Fazousoble. fesults of the snslysis methodd dessribed(iB) gave reason to expist
© ghat turthey: in 2igotiong would provide meens of sherseterioing the 4gnition behavicur
» gopersYly . bnd esporinily the ignreion provees dus fg, knoyking. within a-dsfinite ranga'
of ‘presoure temparsture ‘air s, by mésns of 8 ‘few copatenys. AR L




. As_the gvailablo émrimdﬂtal dota were _not adequate for this purpese, furtker. end
more agcuraie experiments wore condudted. Tho new {nvesiigeticns oimed also at ascor -
%aining the et‘rnot ‘of temparature end’ pmsaure on the 1guition procesa.

In order %o obiein the’ congtenis detemining tha! 1gn1tion procean in eccordanoe

with Equations (1) end (2), ignition deloy mossuremonis ver cavrﬂed ont o

with-liquid-fuel-injeotion-end-1n-on-apparatus-with-ap ¢ .

»preaaed fuel vepour -~ gir mixtures, sorrésponding to the mazhod flra’c appliod by Tszard
-1 Pyefl 1. Prom 8 wemparison or the rasults of these measurements, %2 -<Ifect of ‘¢he B

‘process of mixture formation sould be approximtely aagertained. . Parallel with theae

exporimsnts, engine tests were gonducted,. in which the boost prossure and ..emparnture i

-were veried. The shdeox £igures: o‘otmined from these three seriss of e:tper:unentn corres .

ponding %o Equntions {1} snd (2) were uacertained and compared on, the moat nnirorm ‘baaie-

poasible . .

In ¢he ndiabu*‘;ic compmsaion upparazua evolvod by xu:v csollaboratora Mq. Scheuermeyor

and H. Ste!gorwaldtao , the mixture %o be investigeted ia. comprasoed with the help of a.
piston sctunted by compressed air. . With Tizerd end Pge this Piston was driven by a
crenk; in an eppersivs developad by W. Jost ond H. Teichmann, the piston movement i -
‘{niticted by e £alling woight{®1),  The vew eppsratus described wider{R0Q} produees,

withk roletively simple ccnstruction. partieularly short comprassiod times, ond thus
onsures a vexy much higher degree of acourscy then-the dthor apparatue described To
raduce wall-arfeat ‘the ecylinder diemater of 80 mm. wes made ag grea* 8g. possible in
- gomparison with- the apparatue or Jost and Teiocbmann, wh:leh hac 2 ayl:\ndur diemeter ol

30 to. 5:’: m., . . !

mg showo - dl. pgram of the emerimantal arrengoment uscd “In i%s upper pobition
the piston, at the end of compression, is braked in e very shortd distance (mbout, 1/25 of -
- the atroke by bruke~rings) and thus arreatoed. in its ‘end posstian The experimen‘bal Y
errsngememt Aing the conteiner for proparing the fuel-vapour snd air mixture, oan

rgulating hot oil~ “turthermore en. inifial prosgare, highoer. or iowor

than ai‘:mospher s, can be employed. ' Thie makes 1% poaaib{.e #¢ vary the pressure and,
temperatura within wide limits during compresgion, and ignition delaya may. be maasured
over 8 large range. of pressure sad temperature; especielly, howeeer i the Tange 688091~
‘atod with knocking in an engino I¢ is Ampossible to vary. ‘the eompression retio by
ingerting different intermediate rings between %he c¢ylinder snd tha oyunder head. The
ignition delsy is then-measured from the preasnro diagrmn given by the quartz mdma‘\’.o«:L
or else with the qid of & photoﬂoell ;

___’;‘yl vomd for maasuriug the ignlﬂon delay, vhich waa eonstructed by my former col’
Jeborater W _ Frapke end further developed by E. Lonn{22}, 1y shows im' Fig.2. . he opposed
%0 the hitherio fomiliax types of experiman?.nl apparavus, whish vork 8% low Gemporaturss,
1% e pogsoible’ o vse temperatures up to 10000 abs,” end thue to mensure lgnition deleys
of the Bamo ‘order of magnitude -as in the eompmssinn oppara Tus. ¥n ‘order o get the mos*

’ emperaﬁura nmditions in zhe bomb {4 -mBn p‘mced m'"\ lm'ge furnece.

The' Fuel=inj ia“oontrolled by
mechénical release devmea “The ignition procesa iz observed wigh @ photowej.l or by

i maens of preasura maauuremen%s ALY the proceaaes are recorded b,y 8 eathoaa ray ?.ube

'I'heo follow?ng Tiguves show ‘mome oi‘ tha results of’ f.he maasuramnta msde recen..ly v e!

_tha‘ e’xper ! ental arramgemenw described i

PR 5 showa, three prassura~time dla(n*ams with anpro;&mately adiubmcm taompraasmn

arant. gompression pressures tut-at sonstont ccmpression temporad ture; Pig.4 shom
. three flingx‘ama with drfferant corpy easion fcemparetures end constont r:omoraea‘on progoure
~In the upper -diogrsm in Fig.® (eonpresnion pressura 10:€ sta), a glower rise of preéssure.
with 1gm.tion will be notized then st the uhigher compression pressures. This phenomsnon
"is-even more’ slearly appﬂreaf in Fig.5, st 7.1 nta amnpre-a..ion prassurs, ¢his meany %0
say thet.ae-the pressure mlle,the auddan igmtion aurge ‘whteh resem‘olea knooking
grodually givcs way -t slow’ 6o; bumio

i As alread\y mentioned it is nog’ cer ain vhéther i.he esaszmpmon *hat "ha speed o!‘

- adtionis @ detfinize function of propsure and tcmpru‘a‘m:re9 is @eiually a eorreot one.
Y Aggording ‘to the thaor,y of - the chmin :rozetion, the chemical .chenges in the mixture mhmh
take placo ‘before i-.he mamanc of. obscrva G4 on, and depand o \.ho nrasar‘eu .angd - bempemﬁu*ea

o




. ‘bafore thet¢’ time. may bs of decisive infliefice on the epoed -of the resction. The .

. measured precsure chongo during tho-period of fenition; delay, makes it pogsible to drew .
cortain inferenves with regard to the reastion prosess. ~ Pigs. 3 and 4 enabdle the ;
.sonclusion to be formed thdt tho rete of raaction does mot in fact depand solely on .
pressure and tempéerature, aince in this case s slight but &radual transition to combuat-
ion could Ye expected. . Certein devistiono mey be expleined by ‘loeally different To~
aotion procasses in-the vombustion  chembar. - According.to Zoise(l8), .a distinction muat,. [
it possible, be made, in the engine ign tion procens, 8B v ‘ﬁ"éb‘a‘ewuttonm
“between-the-glow-pro~reaction, which .paves the way. for..tha. actual apontanaous .

. and the igiition resction-propor; - during the pro-reaction the zemperature rise 1is only

-In Fig.6 the, ignition delay ‘galues measured in the bomb-and in: the compression
.epparatus are‘sompared for 'a fuel with the addition of lead tetrmethyl. - -The igaltion’
dolay welues.in-tlé Yomb spparatus {with lujestion of liquid fuel} are meturally. owing
t6 the process of mixture-formation preceding the ignition, considerebly: higher then: the
tgnition-delay values in the gompression upperetis. Nevertheleso..even a sapusl glance
" will show that the sharscter of the ignition delay curve 13 the seme in both cases.---The
. magnitude of the effests of. prassure ond tampereture corresponds tairly ascuratsly %o the
- waluds given In previously published estimations hased on experiments with engines.
Emphesis. should however. be- lasd on the result that, even with.e fuel in the gaseous atzqt(:q
" “the ignition delmy end -ignition:benaviovr gonerally, sre decisively influenced by the LT
/ pressure, ard:thad this is:a definite pressure. influence, and not.the indirect influenve
.. of tempersturs. .. For lnvestiguting the knooking end ‘ignition provesses 1t ip of greaiu
. {mportance -3hat the effect 'of préssure asoerteined on the basis of these experimsnis’
. ‘should be obteined es on effect tased on the reaztion profsee of the fuel in question,
The fuel would: bo ouite differently sssessed if 1% were %o e assumed that en indirect,
fenperature inflvence la chiofly responsible forTthe ef¥fact of prassure, on the ignizion
process. In.the ezperimental resulls ghown, e:g. for the range pusogisted with Bnosk in-.
8n éhgine, ® pressure variation of L - 2 corresponds.to temperature variation of over .
T 109""_'0." I Thus: the grest offest.of. pressurs on. knock 13, exploined mainly by the effect of -
proseure on the rate of Tesciion . These findings do not agreo with somsz of the published’
results end sonzlusions ‘of :other writers in’technical literaturel23]..  From these latter
investigotions 16 wes gonsluded ¢hat the speed of the reaction during kmocking depended
chiefly on temperaturs'slone, and”the-effeet of the boost: pressure on knocking wes largely
a‘'patter of indirect femperature influen¢e.  ~ On the other hend’, -our. investigationg heve
sliown’ ¢$hat the relationship of the praseure influpnee to the tempersture influenee. in the
roaction prodeps 1o of decisive.imporionce ) : B ’

The Fafluensing of the speed of ‘resction by the addigion of lead tetrmethyl to the .

- fel w11l be seen from.Fig.?, whish ghows for various’ ‘compression preesures’ the ignition
&olays of o fuel, with and without h¢ addition of lesd; as a funetion’ of-the fimal " .. .o
sompreseion temperature: - These valires, measursd in the sompression apparatus, show thet

. by the addition of lead tetracthyl the ignition delsy: 'in this; case ls ineressed approxi~
“mately proportiouately..- < According to the dacrease in:reaction -spegd,--in.the. unburnt ..

part of .the mixiture by the addition of:leed tetraathyl, & correspondingly’ bigher boos$ -

- prossure cen’ bé permitied ip englne: ‘operation.: Fig.8 ehowa ‘the permissible boost | :

pressurs. at. inciplent Imock fgainst the boost s remperature, using fuel with and with-

out the additien of lead tetra-ethyl. . The deshed: curves shown in" Fig.0 are the values

{multiplied by s constent. fectdr) for grsoline with 1eré. totraethyl, this factor being

" peleuted so that for one point {dir excess =.1.l.c ¥y = 50%C) there is egreement with:

" the maesured velug for unleaded gmeoline. - The deched curves ngros: ¥ ry well with-the

" “ehrves messured for gesolins without the edfition of lead, ot SRR LA

For' sombustion in &n-engine; ‘pesides’ the properties of the fuel,’ tha’ somposigion of .-
_the gos. espadiaily the effsct of the residonl: giebs on” the. compos:tion; i of gomé
" importanee in the resation progcess PO 1n the unburat pert of the mimture. . From

1gnition delay measuremants (28 in whien the fuel was injected into alr with admixturos
“of nitrogen; oxygen 3nd. sarpon dicxide, the essentisl Tesult was thal, with mirtures of
1. oxygen and mitrogen, in accordance with theorctical arxpestations; the ignition deley -is;
. not_determinaed by ths %otsl pressure © Yug meinly by. the partinl progsure of the oxygen, . '
and thet wish larger addittons; of “varbon-dioxide,  the ignition éeiay betomes-greater.
- Tnis. result moy easily be recorailed with-the idesa given above sonwarning rthe. ogeurrense
r_of ¢he’igai¥ion prouess, Binee Lhe rate. of reaoiion Gepends niinly op the oxyzen -uonsen~
gration, - Merecver, the influensa of %he ‘C0y adminture, whish iz reletively small, 15
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theory,: we thus bave FTual quentity. deaompoaod por unit time. and th etore the’ eurvo
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man O fsetion of Fual Research end Da'elo
A von Phutvtch '

It s dirﬂoult %o give an emot plan of the namnn urganisauon in this direction. ‘
‘25 o completely comprehensiva syptenm was not_ach: the & ajegram :
ettamp’. hes been made {0 mcluae all the difrferent: institutions .deeling with fuels end
—lubricents-but—it- -pust—be-remembered-that-only-those-fully undarnned-van*mportan%w
1 sm not compatent to discusa 611 the different chenges which oocurred and ¢the conpneot~— -
1on? tet~ ezen the veriona inatitutione; I cem only diuo\mn the ormteation a8 8 nhole,
ag ¥ gew t.. .

Most aﬂ’eouve wos. the plenning by the Alr Miniat in conjnnction w:eh the Supromo
Command of:the Army, as they co-'oparated to0:a cortain extent in plenning the supply. end .
the quannoa of fual and lubricents . Resesrch work wes primarny conduoted dy the .

" Forechungeabteilung of the Teohnieches Amt, btut, at a lator date; was given over-to the -
Forsalungsfuhrung, wliich was to hove been the supreme suthority on all research work dons

~4n oannection with airoraft. Ac'a matter of feot thet was the amse for aerodynamics and
matiers connected theorewith,” wheress work on lubricants and fusls wes mostly douns dy the -
Reichamt fur ’Mrtachartaenaban, which had oloee connections with the oy and aloo ran
inetitutes of its own st the 'variouo T.H. end Univeraluoa. T T

. The Teshnische dor raplaced . a Luftkriagoekadem&o‘ for ...
which there werg ¢oo fow parsicipents in the coursen; 'the work coversd experimsnts wuh
safety melu ag won eg cambuetion wigh. jnta : - - :

.+ 'The_ Akedemte dar Lurtrahrttorech e purely ssientific corporstion which was -
largely identioal in: peraonnel with the u ienthelgesellschaft, which incorporated - more
members end hed vericus Faohgruppen to. dis as‘prcb‘lema of the day, and <o ea'ordineze.,

... ¥ieus on them. o 7 L , D
w ul -
‘The OXH developod through 1ts Hoeremrrenmnt tha cupp:.y and qnality ofiita ruela
‘and lubricantar hus co-opemuon with the firme in ehe aeme way es the Mr mnlstry

Tbe Ok was not vety actxve i mt dtrection,

Speer () workaa in co-operanon nith the Raiohavirtechaneamt lmc hed -no genemx
nne of .its m ..

'l'he Pexohsverkekramtnistarim was montl.y intereated 10 the Ratchababn end 1n motor
traffio, so that it was first conneoted with the Rejchaforschungorat, .which was later
* taken over by the Kultuamnuterim !mt played ] anbordinate part end ves latterly, fun -

s uaminiatemum wes mportant bauuae or its direction of T-H
ties end to e certain axtent ot the othor: aeeucietad institntea. e g the Bereakndemo
: Freibnrg. : o !

Al The ralaer wuhelmeeaohan ownad tha Inatltute -4n melhexm/mhr and iz mtmn-
ing tor this resacn.  The soclety obteired mopey from the ReSch end from industry enmd .. -
-bad an jnetitugion of its own, in the sume woy 8s the PTR snd the CTR, end had: its om

- ¥DL¥untch it conttnued mdapendantly of the 8tate~- at least to.a certein extent .

. wmi‘rn 168
" - The Innenminiatsrzum 1e ‘only ment!oned ap the directlve of the PTR and tho C'I’R
shough . it dld -not mf'luanoe tha work muoh R 3 R v

5

o The mresnnaftamtnleterlnm headed thn Mrznchaftamppan Vho cid no roaesrch work
et all but oontrolled ony tha quautxeo off thair produota, ‘a8 : ehe crnppe Kraft*

atoff. - L : L :
. v . { e S -°°°,

‘ changen of- organiaation ware rrequen% ‘and not alvaya auceeaaml " The devalopmsnt
-"wea direﬂted towerdo giving the, Fouchnngamhms and the Technlsohea Amt in ‘conjunutton




. with the Retehaamt rur 'virtaohartaauahau the mjor auehouty, and cartatnly with t‘urthar,'
'development there. would- heve been closer:co-ordination. - A 1% nan;-exchenge: of: idess -
*, %00k plage et the different meetinga of the I.ilienehalgeaenaohett tho Reichsaimt fur
Wirtschaftosusbay and the Afr Ministry, and the genaml tram of naaareh work was . :
‘direoted by. the 1aet ’cwo «:u-gzm.iem:immc : ; e : i o

-

y—-bo-—oomo-om o-plot
organiaation of work on fuel and lubricents has been. delivered by mnisteria;mt
—*w/ca c"unnmgham PIBTR of the Kir- Mnistry, o0 which Teference. may be made

” Philippov ki




" Sanqosxojtgrazensi 3899

L ggoseygery
24dnaEesIOqORIRTY

' zeasyxssmpUL -

T ERTASATEIA
L RS SRUORIIRY -

| EATASA0TATH

TS aTE IR THY




s-reg c3av
$a9q-8104 OpdIO]

3300
ﬂ@,mmﬂ 5




Al
1

'UNCLAS::I IED

munsx "‘l'I‘ELLIGu'Hc SBIECTIVES sus--coz:r.fn'rzz.‘
, BRYANST:N wum;,

Polyxol Greases

preparaﬂ ty the Chemical Rosearch end De loprrent Department ’Nnistry or
““*Supply, vbhell Fex House, btrand %.6.20 .

c::al and pineral 0il Reeearch Instit ute,' TPachnical School, Eernn, "
: Lisli ger-'[‘ila 8.2.45 7 SRty .

Pequiremants of Services stnted to be as follows Te=
Alr, Force - lubrtcants i‘or tenperstu e ranga +50 to- —-6000.

- l.ubricants for optica] lns..ruments for temperatura rnnge
50 to +-40°C as %ell as $hick oil ‘for Ocular'Optik with little
chanre An thickness over szm:e temperature rau{re. L.

pacificetion of" Grease containing 0 5"’ graphite given
.« .Ubbelohde drop point 809C. COnsxstency Col=0.6 .
{nech E’\A) Toroue test 8t 420 ’c and -2o°c apecified.

; Greases were produced by oxidahon ol oil:at high ‘temperatures in presence h
[} eetalvats by blowing air throuph., ] Deteils of tésts using Manganese. stegrate
%) and resinste are, given;:: ot‘ner ‘cotalysts mentioned sre 1Soligene of ;

A 2

: ‘aifferent types’, naphthya.amine ‘p~ and 0= mtrophenol pyrogallol. sud eniline., -
‘01ls giving test Tesults ere peraffin base and’ solvent—refined raffinatee. : ;
Optimum temperatures appear to vary from about :1909¢C" to just aver. 300°C.- Optimum
»onditions vary ‘for, each oil or mlxtures of oila used as atarting xrnteriala‘ .

- The chief 1nterest 1ay in: producing greases 1ith eood low temperatu’re p'rop- 8
s arties !'or pireralt instruments, . .1t was found thrt: the: 1imit. of ‘lov temperature .

. ‘worketility-of the gresse vasg approxim'itely the ssre’ ‘83 the setting’ voint .of the . -

: originnl oils this temperatura was. judg b?‘a*practical tost ‘in a remote ¢on~
“trol mechanis-" “"Chenge in neither ‘rate of 8ir “flow.-nor eeacuon temperature~ i
produced .ppy ‘marked difference: in this- property. Experiments wore therefore .

~'made w»ithlow viscosity,; locvw setting point spmd'le oils instead of the motor oils
hitherto used. iresses satmfactory down to ~400C. vere- then obteined from 0L
" -ABLL  (Rhenania. i Sgsar '\'ineraléherke), 8 limit nearer‘» 50°C" was o‘bteined hy
treattne mixtures of'". +h13 vl ,h 'Frischol' : e : .

Atten:pbs were made, to "ollow the course of the reaetton by following the
changes in speciﬁc gravity, acidity,’ viscosity, iochne No., mesn mol. wt.,,
: satting point’ and. carbon, hydrogen, oxygen content Lo S R T

'I.’he greasea ara claimed to-have the followin properties. Tater msolubﬁyt
and repellancy. Stability sbove 'the ‘drop.. point. - low o vapour prassura even et
high temperatures so; that use in hot’climates does’ pot influence subssquent use’;
at lox. temperaturea. i No ‘qorrosive- ingredienta 8o that’ they ¢an be-used with .
any matal. -No'water content Ansignificent ash," - The drop pomt snd’ consia-"
tency can be contranp ‘to:any desn‘eﬂ




Rasearch Instituto ‘for lig,nite end Nineral oil
of the Technical Uuiversity ‘Perliin, -

L nrtment at Ei'alin en/Fils

'I'ho Develonmant ot a zrethod for Lhe n:anufacture of PX eaaea

Bux‘ing wer-!;ime i+ is necesaary to cmnloy weapons undar the rost - variad ;
) oonditions. This mede it imperstive to ‘dovelop technical lutriosnts which are
relatively unerfeoted 'cv cbangcd exterual conditions auch ns eold end heat.

- "The different om-t:a‘ or the Gerrrnn Army have stated their requlrement;s same—
what as i‘ollows - : . ) . o :

1) The ir ?‘orce required lubrzcanbs for: the temperature Tange *50 to —5000

2) The Army- rixad the i.emperature limits !‘or the graasing of opticnl !natru-~
‘ments st +50 and -4006- -‘aleo the.greese for ocular. optios {Okular~0ptik} s .
roquired to possess s zeocd pac ing (eslking) effact, This packing property .
ahould not ‘te serlounly affected within 1ne tempprature range +50. to ~420C,

5) Ths Nnvy mekes the Aol]owing de mauds e

. ‘a. Spec1f1cat10ns he fire control greas= rust te made from a cold~
_resistent mineral oil.” It must not corrode metals, muet not contein sny in~
organic lcodmg unert trom_ oi‘ grap'z,te angd xuat bo resistent to s“a and
fresh « ater. . . S o

b. fechnical duta

.Spec,, Gr. e 2490 (,885 506,870
Colour . ' . . Wy U brown-tlack
. Appeerance’, . s oo Lomogfeneous '
Drép ‘poing -0 v L= L% alter l'mading
- e L _.in the knesding rechine
for 15 to 2C mins,
alter 200 strokes .

YU Flow poin'tb L

#£utralisation number -

B Proportion of graphlte
Ash
Ba}mviqu*. m_ cold. -

R Conu ieten cy

IR -4
‘can;bei B 9 Siemens mechod)

8sog (m:l’ll)
to te found | .. i
°5¥z(ﬂceording to w!.ck teet)

L separatea e

at 609C (25 3 grease and

suiter glass 1/83). -

70,4 0.0, e according to H"IA
vmethod)

st e, . Technical tests: = The momrnant of frietion in e ball 'er ‘g B 19
. of the E~series accordina to DIN 618 my ot exeeed T S

T 80 om gm ek +200€
Sl g 90cmgmat -20°c

,when the uonditions corresvord to the Lubncation Directione for Fire control
‘-Instruments: {Schrierung et. bchnlervorschrift fﬁr Feuer-leitrerﬁte) at numbers
Cof revolutmn from’ 60 -0 6000 rava/min. ; : o

i 'I‘he Inetitute daveloped: proeeas ibv means& of which greasee were produced
- from mineral. oils with results ‘that approxirate more ‘closely to tte demands of
.the ﬁehmcht euthorities than thoae othervis produced bty 1nduatry. : G

II‘ minera
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oil tracticna are uubjacted to tref'tment vy owgon at elevated tenperstures,
camplicated chemicsl rooetions occur, which, depending on the type of the initiel
N on and -on the conditions, lesd either to the thickening or to the. coking of the °

mnu“unﬁmntly_.onw
- The oxygen rttacks the hydrocarton moleeculeo at the point which hss the lowest:
tonding- ‘strength.’ . This point, aocording to Criepge, 18 the C=~H bond. ~ The
energy . ofiscotivation necessary to split’ up the C-C or the C=C tond is consider-

" 8tly higher than that necessary to sover the tond Tetween C ond H. Acoord!ng

.. to ‘the modern view the initisl-gtep is.an addition of g to the hydrocarbon

" 'molacule, which is then folloved bty r resction chain. = In the course .of this

;. renction ch~in intermediete products sucli as peroxides alcohels, Retones,

. aldohydes end scids ere formed. .. The oxidation process is. accmrpanied ty decmn- .
poaition reactions, the latter: beinp responslble for tre fTact that the substance
.ottained at the end conaists of oxidotion products having rolecules of vory
varied sizes. Depending or the conditions of the remction the.unsaturated
rrogmonts’ Tormed during the cracking will either terd to crack further or to:
‘polymerise.. . The molecular weight end the viecosity of the products.of oxidation -

" will rise or fell if the polymerisation or the cracking are the dominent resct-
‘fons. If the former predominstes one ottains e solid erease~like product,. the
properties of which sre mainly detemtnad by the chemical compoe'tion of the '\
hutial 011 ond by tho conditions of manufrcturen e R

I The btast prospects of obtaining good greases ereo- offared bty chermlly .
steble oils; e.g. those based on pereffins or solvent xaffinstas. “The type of
grense produced - .soft, vuseline-like, or herd tough conaistency is determined’
- meinly ty the tanperature of the process, the” quantlty of oxygen admitted per
unit time, ond the' added catnlyst.: Ths temperature rarge most favourable for
the 'production of-a soft pnate~like grease depends on the type of o0il rnd.is’
confined-to within narrow limits. The seme applies to the quantity. of oxygen
"per.umit tire.  If the most favoursble renge’ is. eitlier not reached or excseded,:
.1+ either crscking: occurs or l\urd, asphcit-like sutstences are romad. The Yange
“within which one may vary: ‘terpereture énd oxygen .supply are so narrowx in sore
cnaes, thnt o'nly touph and hf*rd pre-:saq ean ‘he obtajned from eueb ous. )

: ‘l‘he picture ia comp.mtely ehaneed egain in the nresence of c»talysts. The .\ _
limits of the.most favourstle  terperature and oxyeon supply sre displaced. o
Under certain circumatwnces there ney te n. fundarmer tal ‘chi*nge in the cheracter

of the end~products. A ‘larse mimber of catalysts-df. tha moat verled kind have
teen found to te useful for accelerating ‘or directing the ‘reaction in thz manu-.

3 factura of gresses. . .This is due to tue fact that the trageformntion of oil .
into.fo%t ‘only -occurs-efter a: long chain ‘of reactxons. Numerous oxidastion
prowotera and negetive onﬁation promoters 78 181l As’ polymerisation catah;sts
‘ere ‘counted mronp these cutalysts. It is not “ho..ever, possit‘la, ‘t¢ say that.

~'mitstences of the type mertioned"/re fsvouratle in grease production tecause unde
‘the conditions: of groass. nsnufreture mony oxidéenis, entioxidrnts end polymeris~
atton eccelerators elso exhibit - strong tendency mvouring decompositionq i

.,Drop and Fl —point
Consistency cen .
Behaviour ekoimstlwater . comnlctely insoluble very hydro- :

A phobic .

: Behsviour nbove the drop S 4.no decovposition when’ the drop

RS +1-3 1 -3 - point is exceaded ;
Ebhaviour. on' storage L statls’

' .corrosiv properties - T "_.does not cm"rode any




) ‘I’he a'bove—n'entionad proparti ¢s of 1m- "Powxol Ereaeea" are.in nany respects
auporior to: tlrose of the sonp grnaaes. -

. Greaaes for aircraft metrum.ni.s e, to te usnh]q dovn to very loa temper-
‘atures {ea =60°C)} mpart from other propertiea v.l'1ch~Polyx01—g’x'eases—possess in-—-
any csse, A systemsntic investigrtion wpsS thorefore instituted "into.the modifi=~
cetion of t:ha 1mr tenperaturs chnracteristics of the Pnlyxo] preasea ty clmnging

he initlal oil or the condi*iors of xmnufaotur :

'l.ha firat experimnntul sérios wes cerri ed, out with 8 large nuwbor of oila
"‘of various origins and different viscosity ar ades of. @t @ reaction tamperature
of 180 with e supply of air amounting to 8 litres/hour, 9,024 bty wt. of mengen~
- ago. stearate being used as ¢ .catalyst, .. The gresses produced under these con-
- ditions were tested at low terpseratures, if their properties seemed at 211
premising.. . The low.ternersiurs tast rsa carriod out in a~Justment serews of
the ordiuary field glasses of the “ehrreeht. The limitirg fanperature telow

'which the greess Yeceme unusstle wes. taken to be het tor—pernture nt shich the

‘seren could no longer te moved ty hend.’

. The 1imit1.ng ter: perature yalues rreasured in this ay aro x‘ebrodixéibié 1;6
within & 2%, ‘ O . C e .

bﬂcperim’ntq 1 seriea ]

Gressaa from mineral aila, tem errture of’ production X

Iiritlng tenmp.

Trade‘nmrlc L Conaistenéy . ~ A !‘(.x' use

.. BAB 50 i s+ roderately 'aoft, shiny,
; SAE?O" R ' .partiaily decomposed, unwsable -
P9~ 7 ‘elear, toug T
Rotring o soft, ropey
wretie : 'edium hard
N B85 . oo eloudy, hard
y 3 . “tough, sticky’
T AE A0~ - oo elearorediva aoft -
Ruhrbenzin- - LB 42250 : hard, tough; sticky
. Rulirtenzin .  ~RB 22460 [T Herd, itoush,” Sticky: R
- JedXicze 0 kinheitsdl. ! o;lly, partislly decoriposed:
Fintershsll ' Xeutral 1 ~i U7 opequey parThielly. coked-:
Velyoline . = ){RM : Lo seft, 8lightly”clouded |
Velvoline:s - agne'c-.- R -"sc-ft, slightly clouded
Sch1 lemenn . - r.erhur €5 L 'deccn.po ed <

N It haa__n;l_repdy teén’ mentioned that the ‘éonditions of reaction . as used; are
-pot suiteble for-all oils under: test, re: of ‘the o0il decomposine. < Under dif-
ferert conditions verying frem oil t0 L1, these oils
greases of ‘a‘hard’ .or. soft cnnsistency. R o

. In no-crse wara th oils uoable ralo:. -820C "+ ‘The observed limiting teinper-
- gtures -rourhly ‘correspond to0 the 9olldifyingz pointsiof ‘the initinl . oils: (=15 to :
-'25 I8 The_ only excephions: sre the synthetic’ oile of the 1.G. Fert enindustrie
2nd -the suhrtenzin, .. The greases produced Arom.it e:-0i1s h=ve such a ‘r.aufrh “and.
. sticky chemctnr that  they. can on e errployed Tor. protective: coatings (Hemm- -
‘Eittel) tut not as.lubricents. . The 1imiting 1 tenyerature pt hich thay can:
BYE uaed tharet‘ore lies correspordinply ‘_t‘ar arove tha" so].iﬂ:fying point of tha
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In the . courss o£ further experiwental scr!es/ it .vas . 1nvestipnted ':hether t:y
~the-use—nof o ] o ovtAlnad hﬂving‘more
ravcuratl\, aharactarlstics at low toy .,araturos. . ..Some.of the oils under test.
wore troated st P20° {experimentsl serias II) and 180 nt 2‘509 (experimental
series III) N ;

T uxperinental"seriea 1T
Gremsea t:om rrineml o‘lls, pmduction torp, ?20°

origin” o Trade © ‘‘Consistenoy or S limittng low terrperatl.ro i

cf oil .. _name. " si._gresse’ ' for uge

DAPG - ZAE BO nedijum softiess, shiny . . °15-, S
pArG 5 : SAE 20 slightly decomposed .~ = coo=18
:Leuna ¥F Q very tough, stieky = . s +30
. DVGAG - - Hotring: wediur. tough, ropey =-16
DVOAG. .. - retie - redium hard TR : i -20
DAPG' - “BAE AG . = redium aoft, shiny EE R
- Jedlieze winheitadl  soft; sl ip'ntly dseorposed - 7 =18
- 7intershall veutraldl onaquq dscorposed . : , -
Telvoline Tepnst A" redium soft, opague: T |

,xpprlmental aeri°a T
N Creases. fron minsrel oils, production temp. PSO°
DRPG . ' 5AK- 66 . nediun nerd, shiny SR Sl
- DAPG T AR 20 medium soft ! R -
~leuns - 0 UTR Qv “herd, 8ticky Lo L el
DUUAG * - - - - Lotring nied Lur. ‘hard . L L w12
DVUAG Aretic redivr vord ) . o Co=16 T
VARG JSAE 40, " . mediun: herd | : X -1z
Jedlieza |, o iinheltsél - soft, O ST e
¥intershsll - " Meutraldl - ‘opsgue, <ravelly e Ay 1]
‘v’a}vol‘lne - ifgnet A o r"e‘diurr an(‘t : N : - —le

"

e 1rrpruvex.mt in bhe low tenperntum cherAet . "isucs ot tnn oil rasul ted hen
z.i ile Feeping o1l other fretors € nstart, the torpors ture of the macﬁon wrs raised,
Fost grensas tocvwe serovhat hirder. anditheir veahility et low to-peraturis decrans—
ed screvhit. xp@rmort.;. enrrigd” out 7t lov térnertturss (Y5G to-17. }.did not yiald f
any Yettor rosults. . ‘lrost 1l #ils “ar2 considerarly. dacorposed.. : °o korogereous
Fresse was tttained. . In or@er ¢tz agscertain. the iuflusnce ef the. qunnuty or ipjocte
oy saieeils were tmatea at 1809 with varying quantities of nir pm- unit tlme i-:
-Ghe presence of 0, oa% by \!t of manganase »ﬁ.mu'atuu . ; :

B * Experimental series IV
Effect of tho qnentity of air on._the ccmaistenoy ot the maeeu

A 'l'rade nemeo - .Quantity of conaisteney of Limiting low tempmtum‘
.of o1} ° ' air l/hour . .- greage. _.for use ';
SAE §0 < onT o400 s)ightly ,decomposadj : ‘ylsoc
: ¥ - dediun 8oft, shiny . =15 ..
" medium hard R A
clesr tough sticky SRR S Lo IR
. olear. tough aticky S el0
7 herd: tough wticky CAB0
- 8084, 8L, dmea R s I
| '80ft, 81, cloudy - . . 18
sofﬂ. olea.. - ,__\ . e j'-18*

P

L A change iu thc quantity of air aupplied doss not heva an appreoiablo etteot m
the low temperature chamoten snca of polyxol greaaes, i : : S




Veriation of. the cetalyct givas the sore result. - Uxidation catnlyats,
stearates, reeinetes, "s0ligens” of ‘varioue kinds and nntoxidation cntnlysts
as naphthyl e
~grensas ‘of soxrevhat the seme 1or temcrature characteriatics.

Tha 1ow serpsrntnre 1imit for use 1a garerally 1dsnt1cal +1th the solidifying
'poirt of. the initisl oil, At preseut therefore the’ ‘only poasibility .of productng -
_‘Polyxol preases’sith. betterwlov_tarperature cheracteristics.-is-to.-use-spindle oil .. ..
heving very low soltdﬁ‘icn ion points as initial rrteriels for the production of
_ Polyxol instead of ‘the engine oils used 1rn . the etpermentnl aeriea I~ 1v whera the
: solidxry‘ng points, lz-y Let"oen-15° ond~g59. . . : : e -
T ‘he observed reaulta 1ed to the introduction of 1o*~ -solidifying epindle-ous a
“'es initiel mrterials. : 1t hed. been: Enown frou. errlier investlgationa thet the trans-—
forration.of the spindle oils of low viscceity asnd rather low Boiling point into
grersrs: ocours ‘only 2t relatively hiph ‘terperatures (2509 ard higher). = At lower
. ten'perntures one _rlweya okteirs decompositior rith the formetion of coke nnd 8ludge.
- The rollowinp theory vhile teins in agreement with all other fercto knowr so rnr vas
-.adwnce to explein this sux-prismp phnnomenon ‘ : P

R "Every otl has a so*celled critical Lerperature of decompoaition vhtch dependa
Loen 1ts’ chemical compogition. ;- Felow this terperature” it is deécomposed vy the oxi-
dation treetment, sbove this terperature one observes, apart from ‘the oxidatiorn en -
~increrse in. the viscosity, groying with length of trantment;  this rinslly yilelds a -
- solid gresse-like product.. "~ The eriticel terperzture. of. decorpositiou is thet temper-
-~ gture At which: thers is a baliance totween the velocitias of  Treaction of. cracking,
lendine to_ decomposition, ‘and of sec01dary polyrurlantion vhich- increases the viscos~-
Aty . At lower: tempersturss. the veloeity” of tte cracking reaction is tle hinher, at
slevptsd tempereturee the velipeity of the polyme;isution reactions are Frertar. .ine
_-thus has %o exceed .the_tem: erature .of, decomnosition if one. intends tn produoe 1ubri- e
canta" e, BN BT } . (S

Ihe follouing experimsntal esulta ol‘tained‘v\ith two 10-" solidii‘yinp' spindle oils i
confirm the explan»tion given ebove oi‘ the proce=s of oxidation ena-. polyneriaatton. =

! . Lrperlmental aeriae V... .
Mcp#rirrents—-.dth—spindle—ozls—rs afunction of the nen'p 01 reaction ~nd. the supply
~offir (cetalys;..- Ll\.'stearete)

'I' np. oi' reacbion o ,,uantity of air sz..isteney of ’our:potnt‘ﬂ
: LT l/hour e _grease ‘

S, AB ll oil (Rhananis‘-{)ssa(’, .'Merelﬂl‘.erke) B

l30r T : ~uecm-v)osition fom-
e S etiont of. sludge and -
~_1r~,o S Lo,
XSO e
220 0 GRS slighter decompos noe-
830 SERRREA K < BT "aof‘t e’rease, clouded 1700
slemol LT 156
240 et T e R ', clear ©..158
SBBO0 T T g ‘.'..;of" prease, clear 20 1591
SUBEC e Uy i . 186,
RGO 8- T o LB
T R 1€ .f Com < U180
‘ S -‘,~medxum poft, clear ' -

no th ickeningy k
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“'Temp;.oc..:nacﬂ.'sm ._Lentity of air:: . Consistency qi“,",“Pour point

"1 /hour R [roxiabiich

a. SGrvo—oil (Dautsohu Vacuun'-ﬁl-AG)

190 . RN - BRI ‘Dacdmp. forzration

- T ) ;ux”coka G
190 - o 1e.
190 e ColBR
200 0 =L 16
220 1e
240 . 1€ - .- ;
2e0 . . 16 - e
280 : sl e clouded, pasto-like 142
200 ‘16 ‘ tougrh hara--, N - -
300 . 118 - , Doyt e

. In 1ov—te'~perature tests thoae greases proved best “which wore produced Pt
temrporatures & 1ittle above the eriticel typerature. of decomoosition. rhe.. .- M
greaavs obtained from. AB 11 oil betreen 24L end 2€G rpy te used down to atout’ —4o°c.,
_'%When the temperature of productior {s reised further the lov terperature limit for
use recedes egain. _Greases produced at 3000 can«only ba ‘used dov'n to 0°G B
sarvo—oil only “geve solid producta from 2909 upwarde. . The, co1s:.stenoy of
thesa greeses Wss in. the main similer to the. greases produced ‘rrom AB-11 oil 8t "5000
“A Tield-glass’ serew greased. with servo-grcase could no 1oneer be turnad even. at $5°c«_

The 1ow terperature characteristics of t e’ AB 11 greases ray be iwprovea by
rixing a. grease with a specirvlly high. arop. ‘point v’ith freeh 011 or- with en 1n1tial .
,materisl v-hich has been sl1(zht1y oxidised., o . o

5

' Greaae from AB 11 oil
conditions of manufactures 2500 1€ 11tras/hour air -

_,:“ﬁaition—of—:f-resh oil. .- Sl - ’
4 by Wb, oo . Pour Poipt: oC - Lowi terp. _limit‘ o¢

Lo tame - T o -0
T I CApE e A0
20. .- TR S 178 . e -45 .
D FORT 3-1'52-"'&. S
- 185 . =50 )
‘graaae flows as nasta at room ten\perature ‘

'I.‘he low! tan'pereture limit ?t which rolyxol greases nre usable :\s therefore at a'bout o
-5000. R R i st i ’

L m:perimants forthe elucidatwn of processea
: occurrmg guring oxidation

. T"e reaetions Occurrine n t\*e[prodnctlor oi‘ ‘presses’ Tre;, shll ccrpletaly unex*~

’pla'i'ed R} 'nerimamts nere there ore cﬂrried cut with tte purpose of studyins tha

- physic hemicel propertiea ‘of oils during the proayction process. Pure-cetans’ was
used as’the starting out rrater:.al for these: experiments. The':cetene .wea’ trested
~Eith 8 11tres/hour of-8ir .PL 2000 it tFe prosence of 0.2% by wt. of menganese ste

T ate. i LYOrY 24 - hours senples of tie cetens wore ta;(er‘ these sarplesivare then .

" tested g8, bo.density’ a% 239G, the acid nurber , bhe rigoosity £t 2u°c the

' “__mnnher he solidiﬂcstion peint 7] > len'entary composition




The oourae taken by the feaction wag thus:

time of reaction, hrs..A . ’

product of remction

.Sarmple No.

Ll
N

|
h

?:omi:n-};a“:ﬁ

-
[

46
70
94"

118

R X V- LOR I S

1166
190
214
240
, zea~

i

. 1ight brown
reddish .

light red brown
red trown

“dark-red- brorn

browm

"derk brown

darlc brovn :
beginrinz decomposition
strong decompoaition. '
eoke formation.

The fourming phyaico'-chem!.cal dnta were detamined for the samplee

bampla i ‘0,

Density e 20°0
Acia No, -mp i-0ifg
Viacosity
Todine X
Solidit‘icancr. r.o.
Zlementery ansiysis:
_Cerbon Wt %

i

- Sénple 1\'6.

‘Density & 20°C
Aeid Xo. me FoR/g
Viscosity N 2»"0 og .
‘Iodine Noo
smidiﬁcntion No.

.zwc O

: \.etane

1.

) 2

. u.7751' )

0.2
1.29
T 7.0

115.8.

85.C1

.4, 00

€791l

1.0
1.43 -
4.€
12,1

83.80
1508

14.7€
1,35

6

“0, 78707
3.7

1.46
1.6
1.8 -

83.28 °

14.47

2.26

3 . .4

0.80%0,
4.9

‘1.54 .

4.1
11.2

83,03 "

14.29 |
zae& R

u.lament»rv analyaie. i

“.Crrton Tt..
Bydroe/sn t;
nygen T

G6.8190

e 8ol T

. 70
6ol
10 1

eriee
1381

4,30 }x,f

Denaity, Acid rumber and viscosity 1ncrease continuously within certatn

“1imits.

. The iodine numter decrersecs *t. first tut seema to’ 1ncreane again when
~The soTidificaf.ior point falls toa sxrall ‘extent.” " ‘The
. There seems to be a discontinulty
:’erham
dtaplaced

the decon-uom.tion begins.’
elen'entary corpositiorn also changes uniformly.
however in the increase: .of ‘the. oxygen: content, ~hen.- decorrposit'lon sterts,
one wry draw the : .conelusion from this that  the assimilation ‘of oxygen 1
in fev'-:ur nf the crackine reactmn hen tue decor poeition seta m.\

: LABS the cec'xe s decovposed 1r tbe couree or the oxxdation-polymerisation e
“'a’ further experilrent =eg.started up ~ith .dssolubt 43 ("em'n-ﬂmericen Petroleur .7
“Camprry }v'0 “The oil zps-tréated ay 1909 in the presence.of! nréngenese resinate ag

ertrlyst: xith ‘8 litres: of. air per hour and per 1itre’ of. oil, " the senplea e
o Mthdrarn =at 1r~tervnl.s of 24 hours sho'-ed the fono-rmgz propertiee' | T




Acid Fo. ma EOH/g
Visoosity o 509G, Ou.
,lao°c, oz

Mean mol. weight -
_'_..lemantnry -Amalysis:i . - e

- Carben ‘t. . % L. 86,39 ‘ . . 85.€1

Bydrogen “t. t LT UABA4 s T 2000 12,87 12.€8 . 12.70 .
“Sulphur “t. S (Y 3 R P [ em
-Oxygen “t. z T weS0 L0628 - 210 1,28 .

Sample!:ov : ) B . I T ‘8 g 10

Deneity  2:0¢ G . ‘ } S 0.0321 . 0.0348 .0.9380
- Aeid No. mg KOH/g 26 : R N ¢ 5.8 6.4
Viacosity » 500C, 9. © - ¥ :
16000, 2R S ‘ -~ aolid graaee -
Keen mol: relght . CLTBRY I Ty L 570 - 620 Vel
slementery “nalysds i T R o : ¥
~Carbon it. £. - . O : 3 & . 84,86 . B4, 45~4_84 45"
" Hydrogen ;. 2,6 ) ‘ 12,27 0 120187 12513
Sulphur o o i Lomen T e - o5 §
Oxypen Wt. % , L S e S B8 282 2.01
. !
o us change in tha physico-chemical rroperties
. hes occurred in toth oils in the. course. of the ‘reaction. . A1l ‘the agsms one
‘observes remarkatle différonces in. the tehaviour of. the aeccmposin { ¢etane and
the 0il: ..saoluh a0, when changmg 1nto 8 prease. T e T
The' increeae ir the acid number md in- the oxygen -coentent and FlBO the @ ecrzsce
in the content of carton .and hydrogen is considarebly grester for cetrne than for
"‘saolul: 49, 'I’ho increese in the viecosny is'more repid i~ the: letter. k
It is etrikine that the finished. grease vhich ia produced from Lasoldl' 40
does not ever ‘oontein 3¥ oxygen. This Tsoct’ demonstrates .that the mein process is
not the oxidation tut the: ‘polymerisatioh ‘even if ‘the hydrocarbons whieh ara- com=
pletely starle et the npers tures employed ai:a first attacked by oxygen.

ptio the method '

The lovr ternernture propertiea of the gresaes nrodueed according to the meigof
of the Institute is' -ganerally. the ‘same ns: the 16w terperature stabil ity of the o
lubricatiig oils used o8 starting reterial. ¢i1s of low viscosity with prreticu~
larly low aoliduyingr ‘points ‘form ap: exception. .- The lubriceting @reases produced
fror such: oils always:have ~orsg low temperature characteristica then the atarting. .
“materinls. . All the ssme; this method made ‘it possible to produce greeses which
‘are .still  usable at--400C. " -The cona:latency as vell ‘ss: tha structure of the'
greases res teo changed by the way t}a ageing is. carried out. . . ) ‘:

‘l'he oxldption zreasea have the folloving advsntugee PB cou:pm'ed to the soap
greaeea Lch have generally been enployed 8o, far. e .
1. I’Loy -are completaly msoluble in vater and thay arg hydroﬁhoblc .
: 2, There'is no separstion cr decupoaition either'at high or at low texrneratum
B & ;ls quite permissitle to exceed. tha flow no:lnt. :
. 1atency a!vd 1ou poiz:t of tbe greeses moy !-e adjuet




- ¥ eh—terperature:
__ature prppertiea are. unafi‘ected or very slightlv nffedted even if the ons aro
~used in hot regicns over long perioda.
*They have no corrosive properties; for- thia maaon they are nlready being uaed
7. ag enti~corrosion gresses.. s
€._They do not_contain -ater or any eppracieble mrounts cr aah.

e Ghemical reactions during tha oxidntion of tho oil pmduco oxidized, oracked, ‘
snd polymerized sutastancos, ' Apart from the 1ul~ricrt1ng Erense As: main produot ;
——one ot\ta:lna water and low~toiling oils as hy—produota.. - .

The. greaae aarple 2 Mo. I 7.wiich is sent wi‘ch tl*e report hba ‘baen produced
under the follov ing comlifians. e . i SR

uur-m;ity or ‘il : i L [ 1025 cc (mixture of 1000 ec. AB 11 and
T o 25 c¢ Ruhrchemis synthetic oil R 200}:
‘Quantity of“ akr supplied for oxidation 10 litres/hour and per litre oil i
“vorking temperetire T . 25090
Crtolyst i . *.% -hone used
puration of experiment SRR : ',-.91 hours. .. .-
Yielda IR } . ; rrease $20 gm.
- : - ) ‘wrter - B4 e
’ T R - oil (KOﬁdensﬁl) 119 cc.
- Ubbelohde Drop point LT 12508 :

—Added to the report are. :
1 sketch "Apparrtua for chn errufnz-ture or px erease"
greaae aarrpl 8 marked . S
J 2 manux" ‘etured” frow Zdl @ ofl i ‘
B 7 g ‘mixture of AB 11 %1th. 5% vol.
C ) . puhreheris oil K 2000 .
Jiw et mixture of AB 1A -ithosT” vol.,'
tivhrchamie-0lL R 2000
‘Consistercy sovrehwet more aolid e
thnn JoiBa

of 1944._ =

hE '7 '.ras menui‘actx.rnd -rithin tre scope Jf the present nsaienrrent.

" Turthier 3 samples: oil AB 1, otl: ZdM 9 and otx nunrcheme : zooo frmr hich the_
greasea were produ(.ed. ot :




DESGRIPTION AND WORKING INSTRUCTIONS FOR THE RIIHRCHEMIE
VAPOUR LOCK APPARATUS, ‘

(A) esoriion “of Apparatu ‘

. ; Fig. 1 shows how this apparavus iz consi .Cn +the.suction. - -
. side of the delivary pump: G, the fuel flicws from mtainer A through
the ‘heating coil B, and enters the delivery puup-directly from the  latter,
“The temperature in-the- delivery.- 'numb is-meesured. (£),~The delivery: pump -
foroes the fuecl - ¢s in. the engine « into the floek ,namber of /e’ carburettor
M, From here tha ‘fuel: flows through an oﬂu.:t:.blo thir rottle P.and & flow -
meter Q via an” overflcw R.into a colleobting tai oelovr. The container C-1s:
“. normally filled with water; wlule at, "b:-e%c-m r'umpemtures above 90°c
glyool must bo used, : :

(B) Calibmtion of the flow fe} g

Red L

13y relative “wnlues; so-
J calibration, The ..

speoiﬁo grav:.ty of ‘the fuel must. bo te kon irto act.ounu, 'since this . -

influences. the vulue recorded A enlibration: cuive is attached, from- Whlch

.the*true i‘low cnn bo *oz-.d off for dons;L 1es from O 660 to .0, 900 g/cm3 11-,

’of a known dens;ty -
,The f10w —wter 1s checked

= Tho cverflow 5. removod “From. “the-. ovorflow cﬂrt
measuring vessel (1000 oo, moasurirg: eylindsr) pidd

“gosoline of lmown density is .pourod-into-A, ond tug:
out’ heating, By adaus’cmonts ot P various i‘low

’:Ln wh:lch o certa n volume flows in :

: (c) Test Method
To assess the ’behrv:Lour .01

: vapour lock “the ., "brerkoff!

Vor_a plo-of such a "breuk-off"
our n‘eauuramonts » the settings

’ ,meo.suiezriént Since this w ld generully b c.bove 70°C with ordinnry engine
gnsolines, the heo.'bing vessol’ is heo.ted at hent se‘bting 3 to about, 60°G . The




Immm—f»r-ﬁ—ww-&—-aﬂc-ﬂrvminu

the ;pump. the reqnired | . neter § by rogulating the -

‘.- ook P, - There is: then. a certain level a'i : () orig:lml settin.g
of the flow met (0,8.2) falls aomewhnt firgs, ond is re-set onge, i '

It then genemlly rémins unchongod, cnd doos not: fall until near the "bronke

down" point, " "As ‘:hs tomperatur oq; the level . Li-18: observed ond-- - !

‘reéorded ; as’'is ‘aldo tho ‘tamporat: a’t’whick the liquid- first: !'t\lls bolow

‘this léve ‘From hore onwnrds the 1 el in 1ho flont olamber-falls, slowly

at firgt, ‘and then wi‘bh :mcreaslng sp " X mpemtures are noted o.t

- 'whieh the level of tho’ ligquid pogsos’.cortain Tr k3, o,g, 30, 20,:10, 0,

" Tho“breck-down temporature:is the tempercture et which the: liquid in the

level glags L is no longer visible (level Q), " At this" moment the setting of

+ Q also fells, 'Fig,.2. shows as an exnmple Yhe 16vel in the float chomber

cland, the £low volume, . One obsorves that:in both cases.the fall was very -

‘rapid, so'thot the brook-down temperature cnn bo determined exnctly, ‘At

Yow consumption one observes the first signs’ of & 'fall at about 4-5°C below

-+ the breok-down. temperuture, ond ot higher consw on et about 2-3°C. The -

" break-down temperature ;is rolated £6 the flow virich'was- orig:lnully :
sot, and. was ‘bhan re-set . ‘ Al .

E B’mmng found such« o po:mt for the bronk—d - 'Lempern'bure ourvo, cne
oan then after some’ practice ‘prodiot more or.less what the bredk-down temper-’
“atures will be-atb the other consumption rates,: for the gradients of the curves.
dn—not*vtrry*greatly——We—thon—heeft -Or.COC g - the - pump until the
temperature is d fow. degrees below.the vnl h ] pected, and. then -~
proceed in.the mar.ner descri‘be’d a ova, " D i T
o ure.curve is. more. .or,

Iless knovm, the ‘mer surements crr' e 'begun unt- consunption, uf‘ter
which. it! is no longer nececs-ry ¢rol’in-ordér to darry out -furthor ‘
med suremsnts at’ low consumptlcns, 5o the't, Yho measuring process is completed L
- fodrly rap:.dly. In sppendix 1:igu, tost: result v»hlch proved ’bo be the _‘bes
obtnined, D.nd isv reconunended as'c model. : S

' -

When the 1ndlv1duul broak-down tempera ee have'.been measured, the
" ‘contFol cock on the £1 tor ‘should ve closed,m'nedn,u 1y, ‘so that a certain

" ‘amount rof "fluid romin the' flont chember, 2od mo: air. ge’cs into. the pipe '

leading to the eontrol: vilve,: -But-if-in. spite: cfie: ing this: should
:-happen,;eny-eir: bubbles" should be removed rom-thy pump, 0
: openings {1 the cover of ‘the ilcat chomber is’ corerod. 'v.x.th 't;he ‘hand, ond’.
~...pressure ‘is upplied to. the’ pipe lme through the other by meo.ns of. bellows
and 'I;he air is then . ; .

Vihon first stur‘blng the pir “Ag-in ipe-is, renjmved; in the
‘snme wey. For this' purposo the pump is st ing until a certo.in level’
~nis recched, tho fiont chamber when itis''disconnected;: and gosoline is: then
. foreed" into the pipo-with:tho: bellows ‘until the air bubbles hnve po.ssed out
and the Werflow vessel Qv R o

* sture oonsidernbly,.

pump: itself,: They cen b
olution) ;onto. the ‘




2, ”P'ie'a' foulod 6‘:4'1)1"061:6& 'b‘ ferei i':o'd'i‘e’é;‘ Fbro"ign ‘bocii‘ st bo z"exiiove'd,“'
:\nd pollution got rid of, e quostion of oxpelling air bubbles from the ’

by -pipe be'bween -bhe i‘loat olmmbor nd tho flow moter wo.s discussed in Sec‘bi n C,

‘3. The membmne not workin efficiently. or'is leaki In this ‘case,’

it ‘should be replecod,  Ihis very seldom cccurs, . Raplo

‘from the 'firm of W. "Feddeler:in” Esson; ‘stote ‘purpose for: which required.

is not advisable to install, other membranos ’ be‘cuuse these vury very muoh in
quali'by, end oan couse faults. P .

!4 Flow meter faul'b This mry g ouusod by slight pollu'bion. The' f].’ewv
meter cnn be clen.nod by flushlng and blow:mg oub with nir. . St

'(E) Tos'bing the' Arpam
'oooei'b'lebmethods of cheokmg i‘aults'

1, ‘l‘esting the dolivery of the pump currently wﬂ;h gasoline c.nd air
ebove faults, such as ledks; obstructions, or foulty nembranes - or
- indicated by roductions in delivory. This oould also be caused: by. the
membrane hoving too small o thrust, juat ng too highe delivery would
* . indicate’ that the:thrust wus too lurge. “¥Whon thoe opparatus is’ delivered,”
“tho air-delivery .is: fixod ot 420+ 5 -1litres. per ‘hour, and that of ‘grsoline.
~0t-90 ¥ 10 1itros/hour by.o suiteble arrengomont: of .the pump and ‘the :
ecoentTic drive; rosulting.in n certnin ‘membrmne-1ift (about 6,4 mm), I
-+-theseyolues- cltor, “the membreno-1ift ‘should ‘not: be altered Af it econ be
'ovolded, for ‘the resson thet the 'dlberation in’ delivery is geldom found
“ here, It is-partidularly. importent to maintain the: air dellvery loid dow
cbove: from the point of view' of roproducibility. of the results, - Leaks on-
the suction side_of tho apparptus. monifest themselves gonorally in'a. . -
comperatively sharp fall in tho- gasoline uelivcry, whoreus the air: d livery
is: less sensitive in this respoot ;

: /To-measuro “tho o.ir d&livery, the 'bubo connecting A'and B is de‘bdchod, e.nd
replaoed by o hose'with o' nozzle; which: comnects: by means: of a..rubber hose
with a normal: liquid gas metor of 3«5 1itres volums,' The v-1s the
<o bimed by the gas. meter, "Tho. gasoline. delivery is’ meusured Y- detuchi

* the tubo K:from the pump.and replucing it’ by the nozzle which is supplied,:
G ‘ntto.ohed to which is o ‘Buna hose, - “The gasoline flow w1thou1; 'bing is o
v measurcd. agail mth o measuring oylinder. o : ‘

‘Such o gasoline” gen be.drewn from Ruhrchenie 4,6, Oberhaus

should be ‘stored in'r-cdoliplace; . If the results are too:
’ ,genamlly due to an’ ultorntlon n the gasol:.ne. The roogon migh'b olso
<-too: lnrge o del:.vary stroke, " In this case the air deolivery will-also; M
.~be’ dbove normol,: If -tho: Jbroak=off temporo.‘bures are. ’c.oo low, then it ig e

question of :




EXAMPIE ‘OF A MEASUREMENT OI‘ THE ’BREAK-OFF"
4 S TEMPERATURE s

Y

Apperntus | Flow setting | 200 |o 4 T 6 101000 :
Y Nog 1 T4 Trwe volumie s s 2L i o e P20 o) Remarks,
S -vofflowl/h L T o F o

iGQSQi;i.fJ‘G i Iavéligé_ip.;ss_“"v;~A. g S
F,213 ; S e :

Delivery ' e 5 o 25T
©Gag0,90’ 1/h R
. hdr 425 1/h

: Da'be 26 8,43 |

‘ Tester pfs

e

Brenk-dovm
; temperature




THE SELF-IGNITION RE \CTION" OF HYDROCARBONS WITH_BRIEF
HDUCTION TIMES. ERR :

"By Wi Jost .

S

: In an. apporatue in which gaseou ixtures could be. rapidly B
N oompressed ‘adisbaticelly from various initial Pressures- and .
" Jemperatures, and' in whose development Messrs. ¥ MUffling,
~Rgenetr, Rohrmonn,-Teichmennand-vWeber-Weré-particulorly
concerned Messrs. RY¥gener ond .Broesch investigated the gelf-
ignition reaction of mixtures of n~heptane -and air, by recording
. "the pressure~time curve with ‘the’ ald of iezo quartz and. the o
) eleotron ray. oscillagraph.l) : : LT
., .The résecrch conducted by my" former colleagues reveal
*characteristic two—stage courge of the ignition such as .is well
known ot low pressures ond ‘long induction pericds, and such as
was recently disclosed for brief induction times for the first
- time by R¥gener ond v. Weber, by meons of ionisation measurements.a)
‘Use. was ‘made’ of the,photographs A‘ I othdgener-Braesch.
of January 1944, - o Tl X
: Photographs A to show a tvplcal pressure"curve, as
reproduced.in Fig. 1l from photograph. C 1 to-the scale.of lo
“for the latter portion (the first pa¥t - -is rectilinear),. M )
induction periods follow one another, the pressure-time eur e
exhibits "two points.of ‘inflection, which indicates  that. speed of.
“the reection obtained from this: o8’ dp/dt would exhlblt two
f.extremes, first a maximum ‘and then 2 minimum, : ‘

L The second 1nduction perlod from &, First: p01nt of
inflectlon tothe end’ (i.e, the moment of instantaneous: pressure
rige), forms sbout 1/6 (C:1), 1/8 -(A-2) 1/4 (B 1) up to almost

. 3u(E 1) of the total 1nductlon ‘period, which gives in all: cases
}for ‘the. second inductlon perlod values of T.2 0, 0004 seC. :
e o In experiments F. - H,:the secon 1nductlon perlod is -
probably. likewige:indicatéed, but not with any certainty,. ond it
“.dslin all cases:very. much’ h ‘ter.than” in the first experlments”r
'~(Experiment ‘12" shows only fhe ‘first: 1nduct10n perloa and - no:
“ignition).. Lusides log vlog vy (%1 #¥g.=.%.) is also plotted:
- fin o figure which’ no 1onger in mv ‘posses c'1on) for experiments
A=E; " ‘on an-averoge amounts to. about’ 5.9 . 1074 'see., with
- meximum . fluétuations 4.55 and 3. 55,,but deflnlte relatlonshlp
“with tempsrature cannot be: detected. For 7’1 there is
approximately obte 1ned . ‘ ;

‘The apparatus,
~high 'speeds of compre351on ‘2nd-of avoidlng undes:.rablew
v1brgtions Wlll be descrlbed elsewhere. : S :

.B‘V. Aivazow ang: M.
1937) BT8.. o




~the- dev1ations in-the- experiments are- not.incon51derable.v‘For‘
the induction period of experiments F - I (which are carried out"
at a lower initial temperature and consequently higher pressure)
there are” obtained- o N

/ o (F - I) T 4. 107 -17 exp (45 700/RD)

‘In order to ascertaln whether the first induection period oan be
_assigned to a heat explosion (which is unlikely from the a8
of ¢ Interpolation formula), the followirg method was adopted.
Up to the meximum of the reaction velocity, the temperoture rises
by less thun 100° -(altogether, the temperature rise during the

. firgt induction period is comparable with thot of cold flames,
where it 1g 100 to 200°); with'a. temperature rige of: ab : °
~for complete converszon;“tho —conversion would tHETE T be
in the region of 10% (of course under cortain ciroumstances more
a8 in tho ocase of u reoaction loading to.an, aldehyde or similar..
stoge). One willi therefore, as: o rough approximation, -attempt

to reckon with.o resction in the region of zero. Tor the' rate of
g;aging viith adiobatic reactlon, it may therefore be asserted )

2 ‘

f. S ar/at = ¢ cxp (-E/RT)

(—-—’—’—“‘"“"‘ Lo
B where E :is the apparcent actlv tion energy of the reactlon. "It is
now possible to. take the rise dT/dt ab.various moment§ from the.- -
recorded curve, ond compcre this with the volues obtoined with a
reasonable volue for E, Cige abouﬁ 50,000. The following, fore
example, ‘is then obt 1ned Tabe Lo .

Tﬂble 1—

‘
-

Interpretatlon of EAperlment A 2

; s %ime_from'the‘enﬁ.oi compre351on. Ab501ssa 1 mn =

2 82 . 10"'5681 ‘Ordincte 1-mm
% (gee): (atm) " Rise X ;' tgcx .M (9 abs,colou-
(- : P (Degrees) AR - lated from o
‘ : T L Ll e pressure rise)

..—_-,__—_——---———-—-—---—

= e o e o e e

7590 abs.__

3.3.20"3

+o-Ina purely thermul reaetlon, the. - tangent values should
behave as. the correspondlng oxponentlul functions of the temper ture

-eo Lo

. certained' ,(1.‘;
oilcul vtbed

lculoted volues 0 eXp. (15000/’!)

' The ascertelned Vo, 1ue° cﬁnnot -bé reproduced W1th anv
recsonsble choide of activotion energy,’ even agsuming considera able:
unegFtointy in recding off the cngles. If, for instance, it is
assumed: thet ut the thlrd measurement po t. the erature s 10°-




8
Moreover the subsequent points would not tulch‘

/r

Experiment A1l is quulitutivelv analogous., ‘JV,. : {_'
Expariment B 1 produced the :Collowing result ('1‘ ble 2)..-

Interpretutlon of experlment B S

Abscissa 1 mm w 2 5 1074 §6¢. -
- 0rdincte  I' mm o 9 atm. o

p (uﬁm) Coy (degrees)

0.2 L. S 0035 7880 abs
= ' . 848

Speed ratlo.— asceru_lned 1% )526 - e
qulated U 3 78 for E = 50 000

-vExperiment‘ﬁ 2 analogous, 11LaW1se Experiment C

Experzment prroduced ‘Pable 3.

Tﬂble 3

'

N _— Interp*ebutlon of experiment D

© Absoisso 1 mm ~ 1164 . 1074 sec., ordinote 1 mn = O 9 atmy

-‘-——_...-————---——.._-_——._.._..._—_.-—._

t (s80)  p (etm) o (dogroos) 5

819

Speed Totic - ascerta ained 1z >1ss
: culculuted 1. : 4.95 for E & 50 OOO

r[‘w'ble 4

: Interpret 1on of Expurlment E
Abscissa 1 mm v “; ‘4 sec;'Ordlnate 1 mmﬂ:

t (sec) o  e_;  " au(d;grees)

o SRR :
. 1074 L eeB

Spee& ratio- ascert ined]lg 3800,
B A alcul ted:[l‘ 54775 for E = 80,000 .




"In experiments F to I, as mentioned obove, the pressure curve

is different.” For instance, thé. interpretation of experiment

G gave Table 5: NS el . " R
R Table 8, . . . . .

Intérprefétipn Qf'exﬁéfiment G 3

[ o — 1—“—"—;:'—“';-_————-3'——-———'—:—.-'-‘—-3—-'-—-b——.-—‘n-—'--‘———.'-—-:_——‘--

 £ (sec) - - 'ﬂpi(dtm) o @fldegrees)

0 . ip0uei T )i e g o €0v035 . 704% abs
am1073, 2046 pean < 2.~ COW0% . Sy

e o o e 0 o e o e s o T e 4 S e

Speed ratio - ascertained 1 : j>100, y .
C calculated  1: ' 3.2 for E = 30,000
Experiment T 2 d1d hot réach complete ignition.
faInterprétdtion‘of.thQVSecdpd'indﬁction;peiiod;' 

o - For investigcting the second:induetion pericd
following method was adopted.’ In Fig. zltheﬂrecordeé,
photograph C 1 is plotted, magnified 10 times,
LA AN 3 ' "‘ ) . : 4'A- o] Lo
“For mm 14 (1), 14.5-(2), 15 (3) ond 15,3 (4) 6. incredses . Were
gouged;—then-from the recorded pressures.the temperaturss were
obtcined, after which log tgef wos plotte gainst-1/P;  within.. )
“the limits of experimental errors, a.straight line .could be drawn
- fhrough ‘the measurement points with the equation = —r--r 1o Ll

7 tg o = 105+% exp (~23,000/RT)

. Thus there is extrapolated for (5) 13 mm, tg ™= 0.33,. = 18°
with T. = 8640 abs. - Thus the curve 4321 was’ grophicolly extended
: kwafﬂs—%eerresyending_xo;an,inhegraiignl_'vhgxehy”a hypothetical
starting level was. obtained, .from which this second explosion- ‘
probobly started. On ‘the other hond, the -actucl incrense in (5) o .
48789, tg ®f = 3,73; . for the speed of reaction tctually obsgrved;
“on “the nssumption-of ths above-sndlysis,:there mustiremain over .
from the primary. reaction cn. amount of tg o= 3.40 ‘corresponding
Yo ot =, 73,59, Using this figure  and the hypothetical-end; lsvel
" for the. primary reaction; the dashed curve wos ‘treced-for: the
second pert of the primary reactiony  dlthough the. cnolysis is
somewhat mrbitrary, it should beremembered that. for.ony.curve:
for the -secondory reaction which does notb exhibit an-infleéctio
point in the: pressure increase.at- an. early stoge, the guplitabive
ocnalysis does not devigte oppreciably from. thot'of the drowing.

!

R Thﬁs36n1y two3possib 1ities‘remdin:' e '

.1 = The anelysis given (or a similer one) is occepted. There « .
+theén follows for ‘the primary resction.a non-symmetrical S-shaped’.
pressure*rise,_correspondingﬁto"a-time-as,mmetric'velocity curve),

~ Which, according to v MEEfIling 3) is to be -expected in the case,




Of & chain break In the "sécond "6ras¥, ‘Thie primary chaln réaction i
is followed, and partly overlapped, by a secondary reaction,- for -
which -the mechanism of a heat exp1031on cannot. be: dlsregarded
but -yet cannot e proved. Phe- ourve ~thus- constructed for the-
primary reaction would appear to*favour the likelihood” of a charn -
: explosion. ) . . ‘ . .

o~

8- The pres ure rise with a. point of 1nf1ectlon corresponds

formeliy—to—e—retie—of-reaction-with-negative—temperature—co="
-.efficient, with the. temperature .eoefficient 0. at . the point of
‘iuflection,  This reaction must follow the primary_reaction L
-~ immedietely after the maximum velocity (flrst point of” inflectlon :
in the pressure rise .ourve ). : This curve camnot, -of course; b
disregoarded; but o reaction with true negative: tamperature L
coefficient is comparotively improbable,. .. From the disgrems wag
"determined the temperature -of the:-gecond. point of infleet i 1,
~but thie ig only poesible nlth a-low- degrce of: aocuracy. :

nble 6.

Temperature of the second point of inflection TWO absg ‘r;‘ !

—-q—_------—.—_-—-_-_- -

‘Bxperiment Al . AR . Bl

N The - lack of oertainty 1n reading off 1s too great to permlt
”,of drawing reliable oonclusions. :

[




: < Leuna Mano 'of..lzt'l‘x_Ju.‘ ry, 1042, . . ..

~..'~. The principle. of the mixed -polymerisation mothod. consi, .
reaction of matural and synthetic lubricating oil hydrocarbons. As starting
materials the lubricating oil fractions of pétroleum are used on one hand and
“the lubricating oil fractions of the synthetic ethylenc polymers or of paraffin
crack~products on the offier.’ Thore are. two conditions for the success of the
reaction: - firstly, asphalts, resins ond paraffins have to be rractically
completely raucved; - secandly, the synthetic polymers have to be employed in the:
- dmmediete condition in which they are formed, i.e. containing alwniniwm chloride.
¢/ Under normal conditions, the lubricating oil fraction of the petrolewm, hoving,
: been cut out by means, of vacuum distillatioh, -is then subjectoed to. the '
~ ' following working process: Lo . . ‘

1,) The orude lubricating oil fracﬁoh is freed from asphalt and resin by’
means of" liquid.propane, . ) Sl

2.) Thé preti'eated lubricé.%ing' oil fradtion is dme& by means of the well~
known solvent method:- propane,’ benzene-acetone or ethylenc 'chloz'id_e.

3.) The lubricating oil fraction which has been freed from agphalts, resins

and paraffins is extracted. by means of a selective solvent such as phemlor .
furfurgl. Olefinic and aroretic hydrocarbons should be extractéd, . As these
hydrocarbons,  however, in their tum dissolve naphthenic_and—-paraffinic
hydrocarbons, the resulting extract actually contains all four types of hydro-'
carbons, - The quantity of thc extract is regulated’ with regard to the rcquired
quality of the.end product and the chemical eanposition of the petroloun used,
For-Geman paraffinic crude the quantity extractéd. is about 10~ 20% when ’
autanobile oils are wanted; 30- 40% of the lubricating’ oil- fraction pretreated "
according to 1.) and 2,) are extracted when acro-engine.oils are wanbed. ‘

... .. In the rixed polymerisation:method prodess.3.) is: left out.. . To produce
.-an’acro=engine oil ‘according to this hethod tie 30 ~ 40% of the lubrigsiing
fraction, pretreated according to I, ), and 2,) arc kept in this fraction.,
The fraction is heated to about 200.~120°0, ‘It is.then transferred to a
stirrer vessel at atnospheric pressure where it is brought into contact with

erude, ethylene polymers; - these polyners: came. directly fron the reaction
..autoclave, and thus contain aluninium chloridc and they are at the same
. Yeaperaturg as the petrolewn lubricating cil fraction, . The two substances

are then stirred togethor for about 3 = 4 hours at the temperature indicated = ---
~'above,  During that period’ the olefinic and aranatic hydrocarbons of the -

~ i, matural lubricating oil fraction Yeact with the ethylene polyners wnder the

_influence of the aluminium chloride, * The resulting mixed polymerisation
product.is ‘then refined in the some way a8 the pure ethylenc polymers, )

. In.the production of aero-<engine 0ils one has to use a ‘ratio by weight of - .
natural lubricating oil hydrocarbon to ethylene polyneribation produet of.1.:.13
in-the production of autauobile oils-this ratio hds. to be2':loer3t1,

‘ A conparison moy be made between the behaviour in the engine Of o miixed .
. .. polymerisation product nero-engine oil and’ a. physical mixture of ‘the same parts.
. of finished ethylene polymer . SG906% sind a mineral lubricating oil refined by
- extraction -inN the usua ; o R e e




‘I‘he mixed polymeriaation product then has the bettex‘ properties. ~ Thuss

ss 906 + refincd lubmcating oillt1l 13 hours running timo. -
Mixed po]yrnensa.tion oil © 121185 = ‘

Thig shows: that the method of mixed: polymcrisaﬁon does not on]y open tho
way for a fuller utilisation of the natural. J.u'brioat:i.ng oil 'bas:.s 'but tha.t it
also yields an em’i product of‘ h:l.gher quali‘l:y. ‘ e




* ATTACFMENT ITT,

MIXED POLYMERTSATION OF S§ OIL WITH MINERAL OIL,

Amononiakworke ~ T S Louna Werke
) Morsgburg - o L 1.2.43.

Dr. Metzger S '

Ne 127, - o ) e

Tnis paper concerns.the mixed polymerisation of crude ethylene nolymers
with nineral oil. The conditions cbtaining in this reaction had to be
exainined mainly with respect to the quantitative aspcot, . The quality of the
oils producced and their value as acro-engine oils is the subject of :
investigptions which 'are now in progress, . The mineral oil coponent made
available for this work.was a distillato (lubricating oil distillates 1-3)

. £rom o well at Hauskirchen, . It had'been dewnxed without a sulphuric acid pre-
treatacnt;  the asphalt had been removed with propane but it had not been -
‘refined by ‘extraction. . The oil had the following constants: . :

dog = 04915 o - Flash point = 220° - .
Vop = 53.3% - . . . . Setting pointm =18°
Vg = 15+46CE . . Acid numbexr - = 028
Vgo =.7+93% R . Saponification number
. Vag =1,862% . . : Conradson Carbon
VoIl.= .’51,,_“;_ o B !

t”

“In ¢lose .analogy to previous experinents by Dr, -Zorn and Dr. Hoag at 'Oppa:l,l
~the. reaction was carried out as follows: .\ .. ' B :

Ethylene was polymerised in en autoclave in the usual menner. — After the
polynerisation had been campleted - the whole of -the crude polymerisation product
which was 3till at a tbemperature.of 1109C, was stirred into the mineral oil '

- whichhad been heated to between 90°,and 1509, . .The nixture was miintained at
.. . the tamperature of the reaction for 3.hours under stirring. - A small sample of
_..the pure ethylene polymérs had .'.to,"be'secured"before.,the_ nixing -in order to- -
“*determine its' constents (affer réfining),  This had to be takon into accomt
‘Wwhen calculating the yield, L ' S .

& nunber of feeds are quo‘te&v'below;' the significance and the methods of
- ‘eamputing the figures in the various columns are explained subsequen‘l_:ly.'

Charge in' kg,

a3 |3.85 6.in, 0317 Total {8.0rude |9.91udge

34,3
33,6
32,6
35.0




.The figures in colunns 1 2,1;.,6 ,8 »9 are determined by weighing,
The values in the other coltmns are- caloulated ‘bhua: oo -
Column, 5 :’c‘rom Toial yield 7 - mineral oil charge 6

Colum 3 from colum 5 + ana]ya:.a sample L.,

: The total quantity of ethylene used “works out to 101,8 kg, from
colum 3 ~ (1+2).

e The ethylene present in the mixed po].ymerise.tion charge ia then computed
from total ethylene x column 5 to be 98. 9 kg, ' :

. column 3 - ) -
Similarly the f:.rst runnings E 52 x ...5_5:2 = 51.1 kg.

MGl =, 6x11_51* = 5,45 kg,

For, further treatmenf the hot reacti produot was run off and allowed to
settle far twelve hours; By this means the éontact sludge is depos:.ted as
&n asphaltic mass and mey then be removed ocampletely., The remaining acid
“orude oil was stirred with 0.5% methanol apl neutralised with 2% of slaked
lime, It was then pressed through a filter press. . The yield was’ the: same
“far & number of feeds on the laboratory scale and a 100 kg, feed. amounting to .

—96% of neutral crude oil, After a subsequcnt vacuum distillation the average
residue was 80% of the feed, . The loss due to refining is to be estimated at
not morc than 24, - The yield.of SS 906 from cthylene may be taken 'to bYe 75%
according to ‘the works: experience of the S8 oil plant at Leuna. * 742 kg..of
SS oil coyld thus have been produced from 98, 9‘kg. ethylene.

. The follmv:.ng flgw dlagram may “be" dravm up on the bas:.s of the ‘
perfomed e:cperaments. ; :

: . L P
Ethylene o .. Ethylene ~..= ss 906 first run.
: . 1 kg

" Polymerisation =~ . = 98.9 kg, -

—Mixed Ppl&merisaﬁon

Separat:.on of }s:‘l.udge - >[contact siudge |
‘ L C22,8'kgs
" Neutralisation (967%) - S N T T T T
‘ L Crude oil, neutral .
: : - 186.8 kg,
“» . 'Distillation (80%) . g
- : ’ Crude ‘0il, topped " . inti. .
J/ 149 3 kg R 37.1 + 2.0 kg,

o
. Finished oil . F:Lrst runmngs, exoess
/ B U mboxg 8.0 ko —-
The énd prodncl cen : f'...é kg8§.0i1 - : 50.W8%<‘
: S TL8 kg Min, 031 =. 49,2%

. v?ef»“inins @B%) ,

In this case the canponent<‘ were pa:‘esent practloally in the mt:.o 1 |

) ) The follamng pomt has to be “orne in ‘mind when e‘(:hylene ) uséa‘?or
-~ 'mixed polymerisation, ' In place ‘of the'R = oil of which quantities of 7% of
"~the finished SS oil are obtained.,an asphalt is now left which has to be worked
up. ( e.g. 'by cok:«.ng)an& vhich does not yield any adﬂ:.tiona.l 1ubr:|.ca.ntﬂ. L




) The observed yield data still have to be cheoked by means of large soale
testu. . s e, -

) The testing of ﬂxe oils w:i.th respec'b %o their use in engines is Btill in’
progress,.. .The following table gives the constants of the mixed polymerisation‘
pu:‘odu.ct side by side with those. of the pm'o SS oil, measmaed on the a.bdve- -
. mentioned analysis samplea. ) -

. ss906 reeaN 865,866 Mixed po].ymer (inf':wzxz‘ ——

, S o 8e7 850 - 34.85
- vEe o o " 1095 109.3 o .""108 :
mepms e w® ~A’2'é'1°‘
 Sett. poin‘b‘ U g s =309
Density 0,885 0 : 0870

A The Conradson coke valuc is still. errat:.c, when the worl:i.ng up has
_Ahowever been finally fixed it un.ll not exceed ~.J.5. :




ATTACHMENT VI.

Lur Gcsellschaft 1st

Drawing AS 1263 is a flow gheet of -the iubrci@:utihg 0il synfhesis‘pléint."

The first stage in the prccéss is the chlor:mat:.on of ‘bhe m:'ude distillate

fram tho Fiocher Trepsch synthicsis boiling between 200 and 35090, This stage
is worked discontinuously, . A guantity. of about 1 md of crude distillate is
pumped -through t‘xe chlorine~tower for several hours, . A tanpereture of between
absut 80° and 100°C is obtaincd by means of a heat exchanger, =~ This
temperature is maintained later whon tho heat of reaction is conducted awny by
cooling, - Chlorine is'dravm as a liquid from the stock tank which is imder
the vapour pressure of the. liguid chlorine = about 10 = 15 aim.. - The chlorine .
expands. and vapourises at tho tnrottle valve and-is then ledt’into the bottom of
the. chlorine tower. . HCL gases escapé'at the top of the. tower;. they are
“eooled in a cooling tower and then led out .of the process into a gasometer,’
The. cool:mg tower is-cooleld indirectly by means of gasoline as cooling liguid,
This is kept in circulation and maintained at a low Lemperature by means of ‘&’
cooler, .. The chlorinated mtcrmcd:.ate product is s’cored in a storage tank and
thence led into the secmd starrc.. ) . s

. The second Btage consists. of 'l:qe ynthcs:.s. The chlormia’ccd orude :
o: distillate is mixed with gasolene and naphthalene in st:.rrer vesgels;' this being -
done. discontinuously; The quant:,t:.es are messured out in meastring vessels:
before they are mixed.  “The mensuring vessel.far +the ‘erude disbillate-holds .
600 litres, those for gnsolene ‘and naphthalene hold 1500 litres, . Each of “the
six stirrer vessels hes a capacity of"3 m?,. To.start up the syathesis the
nixture is raised to about 1.20°C.. by: neans of the heating jacket around the
stirrer vessels and aluminium-filings are added. .- .Thé. renchion takes place.
under atmospheric pressure: the escaping HCL gases are . cooled in the same " -
cooling tower as the HCl gases which, as mentioned a'bove, escape’ during
chlorination, The undesirable: tar products which ere fLomed during the
synthesis are allowed-to settle in-4" settling vesselsh,.  The’ depos:.t is again
_mixed m.th gpsoline in'a stirrer wvessel, the ‘tar being cxtragted in this woy.
tar residué is removed. The st:l. vessel for th m:uc:.ng oi‘
to.r and glsob.ne ‘has-a capac:.*y of I m3. ; ! S LA

The :.ntemcd:l.atc product produccd dur:.ng the syn'bhes:a.s is led from'the
settling vessels into two parallel stirver vessels;: there itis. treated vith .
fuller's carth.ond lime ab a’ teiiperature of 1509, | The lime treaiment servos
" the¢ purpose ‘of ncutralisation. = The used fuller _'s carth and lime are reaunoved
by means of a filter.press, . . ' - R T s

The third stage in {the plant cqns:Lsts of d;Lst:Llla.t:Lon ~Th this stage
the intermediate. prcducts formec. during synthesis:are fract ‘el
distillation tower the low boiling Ffroctiond gasoline
removed Pirst. The distillation is carvied oub under an ab-olute prcssm‘e
of 200 - 300 mm Hg. The: distillation vessel is heated with steom. vader :

100 - 150 atm.. pressurc,. " This is hea.ted in an ‘oven’and cmcula cs thrm:lgh the
oven and the d:.st:.]_'l ation vessel, '.l.‘he fractlom'b:.ng .co"w:m works: :

2/ s : D ‘ng p]ant '
separo.tes the  dis il]nte fran.the frac onating colu'nn into: mphﬂnle (3 an&
go.soline. o Th:L.,




_are cooled. to about - 209C by the evaporation of aJmnon:l.a.,
then separated 'by means of a centrifuge. :

: -Theé 'bot'boms in the fract:.ona.t..ng towar oonta:m the o:x.ls produced 'by the :
s_,’nt‘xes 5. Tuaey are cut into four fractions, -distillates I, II, III, IV, “in
‘e high vacuum dlstillat:.on a.pparatus. Disti illate IV is the required -

lubrlcating oil whereas dist:.llates I II III have ‘lower 'bo:l.ling rar'ges. o

’l‘he last s age of ¢ pla ) : g-and—*ftﬂ,—l

- treatment. of d:n.stillates I, II and III. ... These parts the plant have
not. been used and are therefore not - in: action Tt had been planned to uge

. acetone as a ‘dewaxing solvent, . The mixture of aista.llate and .acetone is’

" Gooled to a low temperature in ‘chillers and conveyed on to’a down filter of -
.aboit 1,5 m? arvea end a meximum Gapagity of 500: kg 11quid acetone and ‘oil.
“Mhe filtrate is suoked off by mears of a vacuum pump. . The acetone is :
.distilled off from the dewaxed i1 in 4 stripper.. 'In: ‘oxrder 1o Ward ‘off the
-danger of explos:.on, the apparatus.is £illed with’ ‘g inert gas.” " The demaxed

0il,is Finally trcated with fuller's éarth in a- st:.r.r.‘er vessel with.a cape.city ’

5 3 _The,used" fuller s eartb 15 renove ina f:.lter press.

umnqx mwu.tv it
it 1N




GiT. 058, Mierofilm No.135

) A'ri‘Acmm:T oo

The scientiﬁc principles of ths synthesis oi‘

1ubr1 carts .

(I G. Launa Dr. H. Zorn roport
14th May,” 1945)

- Louns Works .
15.5.43 -

Coom "Verily, chemistry does rasumble the changoa‘ble Proteus,
.often 'she'  secms a goddess,. often a fTickle womani Yet we .
. “1ike her for behind her: decaptive moods,-in arch play;, sho' holds
) out the promise of etcrnal lars yet to! ) discoverad" . .

These words weruaddressed by the graat expenmentalist '

"‘_'Ludrig Claissen to his friend Anwers-on ' New Yeer''s day, 192

I became acquainted uith the subject of: 1ubricants in thet: same :
. yesrs . Very soon. .l ‘hed’ coms to.know the "deceptiva noods" of
. these; substances which at-this tine did--indeed- nake. en - areh: play
-of chemists. In'the tabls raphis atteched I shell'paint

e picture oi‘ those Aews thet a hiddon 'behind the’ arch gems
and of -the way. we hnvv. ,succceded in trensforming the play nto
,'serious nction,_ F : : S .

= '“he first 9ttempts et th nroduction ‘of 1ubricants by syn—‘ T
thesls were ‘made during the: f£irst world wer. .. At that time Dr..
Schneider tricd‘ to p:roduce lubricnting oils by polymerising the

: 3 ts-obtained from »brnwn cosl generators.

Re' Polla d up his nithe yeer: )

ToYefins into ter oils And hydrogenetlon: ils:in the presence of
pluminium chl:wride.‘ This working méthod was tr 4’ out in-&

pilot plant ot Lounain: the yoar 1980/51 No high-grade engine
‘eilsiwere cbtained-in this way, but: only mschine o0ils. . The

tests did however provide the irmpetus.for s more thorrvugh inves
“igmtion ‘of ‘the’ polymerisatinn of. chemically puro olafins of “known
o c"nstitutions. ' e ; S




" Fige, 1, This figure represents a partial result of these investigations.
~TE 15 geon that only straight-chain olefins with torminal bonds give
a good yield of polymerisation -products of good viscosity =~ temperaturo
characteristica., Both yield and V.I. are bad 1f the double bond-is ..~
aituated in the. middle of the molecule or if one hydrogen atom. in the
-~ toprminal-double bond stoms is substituted by an alkyl group. Dimothyl :
ootylone descrves attontion becauso it gives a good yield of polymor-
58 on—products-with-e—very-hig SC03 . J: 5 of this o
_soientific invostigation wore’ appliod tochnically in the FPoraffin =
‘erack~product-polymorisation mobhody = e st

2 g

=1 “ Whon Paraffiﬁs in—tho gasooua'étate aro’ eracked, the product ‘

. 'oonsists of stralght ochain olofins With o terminal douﬁle bond, .. The
. polymorisation of those olofing may bo pictured as shown in fig. 2.

o wonted to find out whethor this diangrammatic roprosontation is

“eorroot and thorefore tried to synthesize hydrocarbons.of tho. type
shown, Dr. Motzgor: and Dr, Niocuburg dovoloped and carried out tho
synthosis indicetod in fig. 3, Wo startod with:octyl aldehyde, This .
wo transformed to hoxyl-heptyl-acroloin by moans of the aldol:

. condonsation, Tho product was reduced to tho corrosponding aloohol
with tho aid . of o nickel-kiesolgulor~-contact. The aleohol was "' :

“transformod into tho - corresponding 2 = hexyl- leiocdino-detano by
recaction with iodine and red phosphorus. This product was now ‘

- gombined with tho sodium salt of hexyl-malonic acid - othyl estor.
Tho resulting ostor was saponified;” docarboxillsed and-the rosulting .
acid ngain reduced to tho alcohol. This elcohol was agoin transformed
to tha iedide with phesphorus:and iodino. The iodide was either -
reducod to the hydrocarbon or ngain’ combined with tho sodlium galt of
tho. othyl ester ‘of hoxyl malonic acid for the synthosis of tho noxt

) highor homologue. " Tho hydrocarbons gquoted in-the table balow wero:

“obteained in this way which is, it is true, Somewhot orious but.

also vary oxact. 0 oI : ce

] SN

s ‘ ge.4 (aftcr page 3 on reel)”

In tho.homploguous-series‘1ﬁ4,5,it‘is.seon;that_the viscosity rises

S with inereasing moleoular welght but that tho viscosity temperature

- charactdristicsfimprbye continuously, . The -same applies to bthe. '

" homologues 6, ‘7 and 8. . These hydrocarbons ara-obtalned, from tho

iodides by meansof Wurtz'!s reaction, ~In this way we - succoodod 1

‘"synthesising & hydrocerbon CgaHys ‘with e wmol,wts of 899. . This i .
corresponds to the: average.81z9 o . 'the molocule in’ superheated stoam

J‘éYIinder*oila_i.o;~1n4high@molocu1ar‘minoral"oils.~jThis was; the =

" fipst time that an exact synthesis of a high molecular lubriceting

'"f?oilihyﬁrocarbon:hadgboen~achiqyed.q¢All,thqs ..compounds. have . a i .

remarkably lowjmoltingipoint,'in‘particuldr; hp;1g$t'namedfhydro;'”;“
carbon which still bas a molting point. of = 39.0 " e

Théfhéxtsi;

A SR S St shows how tho. viscosity- -
HtemperaturafcharagteristicsQchange,*atﬂconatant molegular gize’, .-
(Trans.) when veriatlions occur in the intramolécular branching of:theé
C-chains;u‘It_isvseen‘that»thé'viscdsity-temperature;charactdristicsu

- improve, as,the,numbﬁr‘of'sido.chains.decroases;,i‘ TR T

mho ngzt

e o . . S shows the effect-of
tho type of fanchihgﬁon“thO'viscosity- Qmporgture_charactOrist
. at-eonstant molecular:s . -With increased brenching: the:
. -vigseosity-tomporaturg-chara istics bocome worse ahd. the viscosity
R Y e T : : ma- e >0




incroases. ' The noarer the molecule approaches sphorical ;sha

more unfavourable boocomes the effect of temperature on the viscosity.

Tho following . - S ULy T e

fig. 7 {aftor pego 4 on reol) ‘ ‘

o , ‘ e ' : “ oxhibits the. same - .’
phanomoenn. fo ha-h ‘:“ arhons - 9-_ Ae  Short or branched gid

chains ‘are very unfavourable as Is: shown by. the hydrocarbons. 10 or -

9. Tho ef £6&t" of short “side choina on- the melting point is very: -

X rkablo. ' Hydrocarbons 1 =~ 5 'may serve'as am 1lluastration.’ Hero,

the. "introduction ofoone mothyl group into. the . hexadocano lowers the

molting point by 57°, A socond wethyl group. causes a .further. loworing .

by 40°, ' This distinguishos aliphatic from aromatic hydrocarbons as..

-+ 48 shown by the. following - T IRNE P I

rig. 8 (aftor page 4 on reel)

. - S S o : A comparison of bonzone,
50luone and tho xylenes. illustrates the point. Tho viscosity '
temperature’ characteristics are voery unfavourable when aatraight
chain of C~-atoms partly or completoly closes to’ form & ring. This

- 18- proved by tho tablo below. e s BRI

¢ Pige 9 (after pégo 4 on reel). .. ...

Hore .you can 8spe that with increasing cyclisation a large rise in. .
.the: viscosity occurs simultangously with a considersble worsening of-
_the viscosity temperature characteristics, Hydroearbon’ No,.7 deserves. .
‘attention. ~'One consequence of thoso genoralisations’ to which we: came )
as o pesult of todious and-protracted synthesis was, thot it stimulatoed.
us - to thinking sbout the application of thesé genernlisations in. -
large-scale practice, . The paraffin-crack-product-polymorisation-
mothod always leaves us with o mixturo of olefins the composition of:
o..which we cannot.control. 'Our doliberations led us on to ‘ethylene.

Dr, Otto had shown st the time that it is possible to polymerise.
. ‘othylene to n<butylone’ in the preosence of small quantities- of boron
. fluorides. 'Wo.believed that by using 'a more active catalyst it -
shonld-also be possible to polymerise . ethylene to.a groater extent ...
giving longer chains with long side chains,'. By using chemically. pure
ethylene: and aluminium chloride as catalyst polymers’ ¢could be. obtalned
which’ combinoed good viscosity-temperature ‘characteristics with good . .
bohaviour at low témperatu Thus originated the ethylone ' <.
lubricating ‘oil’ synthesis L ERAR 5 RO

’

LT When ethylene » ing*oils were -tested in practice it

appoored that under extreme conditions -of lubrication the lubricating

" -guality was not always adéequate,  Now, it is known in the mineral oil -

=" industry that the ‘lubricating quality of mineral hydrocarbon lubricating
0118 niay. bo improved by the. addition of fatty oils,. Fatty oils, 1.0,

ostors. of glycorol with high molecular fatty acids, have tho difa " ..

advantage of belng extremoly sensitive to temporatures .’ It was'.

- presumod that this thermal’ instablllty 1s.due’to the -gensitivity of - .-

tho secondary hydroxyl-group of theglycorol,. Trimcthylol-gthane was

placed at my_diSposaliby'arrangomonts*madq,by‘Director_Dr.:Giosona~'

The ostors produced. therofrom with Lonna: carboxylic acid showed a

“very good: thermal: sthbilitys ‘This opened a way of producing ostors. .

which would stend up-to the high thermal domands of aero-onginos,.

. This‘success’ contributed to my transfer to Louna, In collaboratipn_.

T with Dpr.- Lbwenberg, ‘D, ‘Motzger, Dr, Ginicko, Dr, Hoidinger and . .
Dr, RBssig an investigation into the . connection betweon the chomical

constitution and the- tios of Tl ors wans -ocarried out thore: °
on a;vqrywbr d" bas o ST T e e e

10, "57089 (aftor paéé‘s-dhlfoél) :ﬁ -




e o : ... shows osters of tri-and.
‘tetrohydric alcohols with various acids,’ Let us comparo first: the
osters of normal octyl-acid. -~ Thero aro no differences-in the:...- J
magnitude of the viscosity:-or-the viscosity;tomparaturo'charhcteristics :
botwoen trimethylol-othano and trimethylol-propane; .but.there are )
difforencas in the low temporature proporties,. In this respect tho-
trimothylol-propanc is. superior to.trimethylol-ethano by 61°,. . -

‘ . SCUS aturo-sharsoteristg—of-glycerol—are—oquivalont
.. .._those. of the two_alcohols, : Tho wvigcoaity 1tself however is:l(
the- sotting point is considorable highot than that. of trimethylol- -
propenae but lower than that of trimethylol-othane. . Pentacrythritol
gives an ostor of considerabl her-viscosity, an oven higher :
_.._setting point and somewhat’ scosity tomperature characteri«:
stics,.: It 1s.vory interest omnpare the 6stors Toruad by these’
. four alcohols with o branched acid: 2-ethyl-hexyl-acid, . All thase
" ogtars hava vory low Sotting pointsy There'is mo difference, in: -
- this case, betweon trimethylol-ethane and trimothylol-propano, The
Tglycerol estor has the lowest viscosity, the -pontaorythritol ester .
‘again has tho higheat viscosity and also.the best viscosity-temperature
charactoristics,  If 1in place of the 2 -athyl ~hexyl acid ono uses
. the mixture of icarboxylic acids -obtained. from-those alcohols of the
isobutyl-oil which boil betwooen 200-250° one obtalns an estor the -
“viscoslty properties of which are oquivalent to:those of tho esters
. mentioned previously but which have mot quite so favourable a setting
. “point.. The setting point of ‘the glycerol gstor of thls'acld is
.. pomarkable.— Esters. of this kind .could be used as softenors in-tho .. .
lacquer industry and as switch oils in tho :electrical industrys Tho
effoct of incomplete esterification of these polyalcohols on the
viscosity-temporature. character s very interesting. These’
.relations are ghaown up in“the no TTTETITTTT e e

' fig.vii,f57p82 (dfter page 6:-on reel.) -

3 RS B S o L -In the oase of both trimethylol-
othane and- of .pentaerythritol it is scon that theviscogity becomes
higher and the viscogity=tenporature characteristics worse as the -
number- of free hydroxyl groupa--in:the oster increases, This is- quite '

__plausible because free Lydroxyl groups have ‘the effect of associating
tho estor molocules: It is known that-all sloohols-are strongly .. - =
‘associated,.  Experiments which Prof.:Df.. Wolff and.his ‘collaborators
have ‘carried oub at Halle on my. Suggestion have revealed the: ..«
- -interesting fact that the formation of theso super-molecules is .
T perfectly -uniform. ~In the wholo mass there is an.gqual number of:
double, treble, quadruple:molecules up to aggregates of 12 molocul

e
fig. 12, 57083 - o

Lo S L . O PR i the Invegtigation
Cinto the ‘osters. of ‘the. dihvdric¢ glycols has been represontod.: The .
‘dihydric ‘glycols. investigatad woro othylone glyeol, 1,4.Butylone..
£lycol, 1,6 hexylene.glycol; 1,6 methyl-hexylene glyool and dimethylol-
propancs. - In the esters of straight-chain-glycols with n-octyliciacld
an incresse “of the viscosity and g docrease.l.e. an improvement of: the.
x = value aro observod whon:the:molecular weight increases. . The
lowering of ‘the ‘setting point in methyl-hexylene-glycol and dimethylol
‘propane- is. of “interest..  This.is ‘anothor 'instance of ‘the.effectiof '
“the méthyl.group which.we have: glready met in the caso of hydrocarbon .
~hexadocane.. The . setting point bécomes: very: favourable if instead of
tho n-octylic_ acid one uses ‘igo=-octylic- aeid or the: Lenna-carboxyli
" acid,  The viscoslty temporature’ characteristies however beco o
1little lesds . favourable:ihen thos ‘branched acids are use g




In fhe next o '

fig. 13, 57098
L the esters of adipic and .
wethyladipic acid heve been used. A comparison of the n~-octanol and
iso-octanol esters gives remarkable results. The latter has excellent .
-ow—temperature—prope: rt&es—which~ara—due—to—the—ethyl—side—ch
‘This is analoguous-to_the effect of the ebhyl group in the cases of
cyclohexanol and methyl-cyclohexanol.:- ‘comparison with the octanol
eater these two'e sters show a high viscosity and less favourable
viscosity-temperature characteristics, .:This is in complete. agreement
with the hydrocarbon investigations.-In this- connection the-table -/ -
on the cyclisation of the c-atom-chain of the hydrocarbon 028 (fig.9) "~
should be recalled.,  With rospect: to the viscosity~temperature
characteristics there: are only-slight differencos: between the ‘esters
of methyladipic'acid and adipic acid, the Low temperature ‘properties’
of the former, however, . are appreciably better in some points.  The
oyclo-hexanol ester of methyladipic acid 1s of particular technical
intorest. It 4is used as.a lubricant for.clocks beécause: it has tho
property of not spreading on metal surfaces but of remaining stable
.a8 drops.‘ It is also used as -an- additive to our. 'aviation pressure

oiP

The ‘following' :

‘ gives more detailed
informatlon about the effoct _of the methyl group in diecarboxylic acid.
Compare the n-octanol and n-dodeeanol esters ofrﬁ)an6443 methyladipie
acids on tho -one hand and the: corresponding estors of ‘fadipic acid on
the other. Note that the viscosmty-temperature charactoristics of .. .
&\ ~mothyl-adipic acid are always. somowhat loss: favourable- than those
ol the/g methyledipic acid. . .This is-a besutiful . 1llustration’ ‘of “the
importance of the position of ‘a:31dé ohain in the molocule, "IFf tho_,
acids are -esterified. with branched. ‘alcoho6ls, such as for example-our-
Ionha aleohols or the oxy-algohols ‘cbtained: by oxidation of di-iso-
butylene, 6sters dre produced-which have excellent 'low temporaturc
proportios. The esters of sebacic aecid are particularly remarkablo
“in this connection; they combino a good Setting ‘point with excellent
viscosity-temperature characteristics, and thus 'are superior to.

. adipic acid, . Tho ester:- oﬁ/% dnethyl-adipic ‘aeid with-Lenna alcohol
is usod in the production of low-temperaturc-rosistant engine and -
" gxle oils,.. Some -haye also ‘been found to be suitable as,softeners for

Igellt.
The follow;ng

N : represents the effect of an

increase in the size of the mclecule on;tho'viscosity-tomporatura . . "
.. "haractersitics, = Polyhydric alcohols havo ‘been esterified with ’
“uormnl ‘octylic aéid. on tho one hand and on the other with-a long ..

chain semi-gster. of .adipic =ecid and the :Lenna.alcohol fraction from

140 - 180, .i.6. maihly Cg-.and Gy< alcohols, It is seon that: the

viscosity of the latter esters is .considerably higher than that “of

the oster of n-octylic acid, . A8:tho branchéd Lenna alcohols. havo

been used. to mako up the

low temperature prOpertles of ‘this ester are’ excellent, this-

vshown by the 'setting points, The 1ubr cat:.ng quality of .e8te

.this type 18 also very. good,. M

cutting oils," . The ‘straight chain in a molecule ‘may al

by ethoxylising an a G




- The result. of tho investigation of this question has been =
. raprasented in tho following - ‘ ' e : o
fig. 16, 57095 ’ : :
o ' ‘ S ' .- The 1iso-Gg-aloohol
mixture. obtained by oxidation of di-isobutylono was takdn first,
he—othoxylation wag perLoriod by passing othyleno oxido 1nto tho
anhydrous .alcohols. Here.it!is.important.that all alcohol-molecules .
‘gshould take up oqual amounts of othyleno oxide.,  Such uniform
distribution of tho cthyleno ‘oxido was achioved only when boron
fluoride was used as:a catalyst, ~From:the above fig. 16 .it is seon -
el bhati the viscosity rises and that the . viscosity-temperature . P
characteristics improve with increasing content of ethylene oxida,
The low tomporature properties. on the other hand deteriorate with & .-
furthor 'additions of ethylene oxide. ~It°is‘very .intoresting to make
a comparison botween the esters of Leuna alcohol (treated with '
. othylono oxlde) end adipic, methyl adipile and sebacic aclds, The
low temperature proporties’ of these three osters are identicaly: the - -
viscosity rises and the viscosity-~temperature—characteristics improve
in tho- order adipic, mothyladipic and sebacic acid, Hore again the
sebacle acld estor is the more favourable one.,  Unfortunately.these
ostors havo the disadvantage of ‘being less miscible or losing their
miscibility with special hydrocarbon_oils when they: contain much athyl« -
ono oxides One. must not add -more than one molecule of ethylene oxide;
if two molecules of oxide aré. added the miseibility of the estors
with hydrocarbon oils has: already disappeared at room temperature.
At_higher-temperaturos; -howovor;~evg. 80°,jthis‘ester becomes
completely miscible. With still.more molecules -of oxide the

miscibility disappesrs even at higher temparatures,-. . :

o In this way we. had to some. extent bocome acquainted with the - -
‘rolations existing between.the constitution end the viscosity ==~ -

_‘properties .of an ester.  Wo now" started to-investigate: tho eonnoction.
between constitution and lubricating. quality. " In this 'work we: . S
employed: an apparatus developod ‘at ths Technical Test stand Oppan, -

tho soecalled chain:apparatus as shown in -
fige 17,1106 -~
P . s el e o . fhis i consdats.of-a—chain
- -loaded by weights and pressed against the drum from below along half
. the letter's. circumference.: Chain and drum ars. immersed in-‘the.oil
"under test; .tho oil may be heated by-an-eleectric heaters When .tho
S sdrum’ is-votated the chain - is-carriod-with - it, to a greater or smaller
extont depending on the -lubricating quality of the oil, and - thus:
"y ﬂgroduces a.'corresponding deflection of :the balance. . -As the' contact’
otwoon chain and.drum is -confined to-the. single points.of the meubers
of the-chain. and as the paeripheral velocity is kept Very low the

i

v

“‘-“1nstrument»worka-in‘thejregion,ofvboundary;lubrication.'-
w " The next - ' IR : T .

. fig 18, 57154 .

SR T ey Goheyes el ol shows. 'some - regults of
the moasurements. made with'-this apparatus, Tho curves 1,.2-and 3 )
give' data méasured -for-eodtors.of adipic acid and the straight chain
alcohols Butanol, octanol and Dodecenol. . It is seen that as the
molocular weight rises the ‘coofficlents of frietion fall-and'the: .
dependence  of the coefficients.of friction on:tha tomporature -becomos
.more "and .more favourable.  If,:in.thede esters, the ddipic acid is.

~"replacod by methyladipic.acid, thus giving‘astors‘43and35,51tww}ll

tho -coefficiont of friction:of: the methyladipic: acid”
Lw. 1gher‘than’that;ofuthe'qorrespondinggagiprc_aoid
This ‘effect of the methyl group is found to be confirmed

Y




'ostere 2 and 6-as well as 6 and 7. The right ‘half of :the f

figure 19, 5713

by comparinf the

gure. s
of interest; here the wear given by the. esters has-been measured on
o hard metal plate which was predsed against a steel plate. It is
seen here that the ester with the highest coefficient of friotion
gives the -smallest weara.

The ‘same.. result is exhibited by the following .l'
fig. 20 57131

‘where the esters.

‘of d hydric glycols hcve been compared.. The eeter with the longest

chain of C atoms has the lowest coefficient of friction. This ester
on._the other hand produces the greutest woar, .- . Coe

" The following
fig. 21, 57132 L

once -a ain
shows the considerable fall 1n the coefficiont of friction withg
constant (sic.? transl.) molocular woight of the ester,. No.25 shonld
be comparod -with 11, 12, 13 and 16, The temperature dependence :
‘mproves similarly. For ' ester 16 one can oven observe a-small.
docroage_in- tho coefficient of friction _with rising temperature. A
comparison of 11 and 12 1s also romabkable, The branchod acid again
hgs the higher coofficient of friction and its coefficiont of
friction is more dependent on  tomperature. -Furthermore it is
interesting ,that Incomplete esterification csuses only little. -
“dotorioration in the cvofficient: of .friction and has no effect .on
the" tomporature dependence; -.thus compare. 17 and 13, : The ‘order of
the esters .in wear tests .is again the invorsoe of the order -in friction

measurements. For eeters of even higher mvl. wt. ay shown in STy

fig. 22, 57150

i

it is again eonfirmed that the coefficient of friction docreases and
_.that the/LL- temperature curve flattens out ‘as the molecular weight
rises, L NS 2 o

interesting nver31 n of ‘the geading- with respect to

' Phis:
lubrioating quality, as given by:the ocoefficient of friction, and the

“woar is explainéd by the force with which the. ‘molecules are-hound to -
the surfaca. - The work which mast be .exponded. in order to. tear off
from’ the boundary face a liquid of ‘1 -cl? eross sectional aroca is:
called the .work of ‘ddhesion, It can be determined by measuring«the
boundary face tonsion and the surface. tension of the boundary. face
Pnrtners,  In-this’ case one:‘ean apply Duprée's equatio Ilhu b1+b2 -

12' N

G Following my suggestion, Pref;‘Welff‘at Halle hasvexamined~m- S
.many, substances with respect. tc the work of: adhesion,: Seme results-of -

this: investigation are shown in the follow1ng

) Of the behaviour of hydro- ,
‘carbons that of benzene is 1nterest1ng, bengene is bound-more . - .-
strongly to moercury ‘than itd product .of hydrogenation;: cyclohexane.ﬁ
In the series of alcohols one observes. an. inereasein the work..of .-




- For- acids the work of adhesion is-quite~indopendent- of-the- sizo -Of
the moloculo. This. is:probably due to tho dimeric molecular -
association which 1s present in all acids. Only formic acid forms
assoclation moloculos of order highor than 2, For estors, just as for
alcohols, one obsorves an incroase of the work -of adhesion with rising
. noleeular wolght of the alcohol.  Here it is remarkable that whon = _
‘branching occurs in the C_chain of the alcohal this causes an increasc

in tho work of adhesion. This differoncc in the behuviour as oompared
: probably due to L 1 i
on -the boundary face. Thore are two possibilities: either the C -
.chains are arrarged at right angles to the boundary face or thoy are
tangontial to it., Tho quostion of which arrangement is preferred by
the various matorlals dopends on the one hand on the steric position. .
of the dipolo group (polar group.?trans.) in the molecule and.on.the...
gther on the position ‘and magnitude of the permanent dipole within

ho group._ ;?*

Naturally, the work of adhesion is dependent not only on tho
lubricant but also on the portner making up the intorface. In the
next :

fig; 24 (57097)

‘ X : the differences in the .’
work of adhesion for an aquoous and a metallic ‘boundary face:have
boen.tabulated. . .The largs differences existing botwoon water and.
morcury are shown, On the avorage substances adhore to morcury two
to three times as strongly as to waber. From the work of adhesion
wne may then ealculate the adhesive strength. The next o
T . . S A :
B . : R : - flg.25 57086 .

«shows the corresponding values for hydrocarbons, alcohols and acids,..
Again one ¢an observe an, increase. in the adhesive strength; with an
_increase in the unsaturated character, for hydrocarbons; with an
incroase in the-length of the C-chain, for alcohols; ' and in the case
.of aoids ah adhesion -strength independent of the size of the molecule.
These adhesive 'strengths which give a measure- of -the force necessary
to tear off from the boundary facée a oross-sectional area of -1 om
correspond to the tensile strength - obtaining in the bulk of thopmetal'
or liquid. . The tensile strengths are. calculated from.the” values of .
the boundary face tensions, The tehsile stirength H = 20,. The :
- magnitude-of -these values 'in thé case of liquids: is striking. To.
taar ‘a liquid -organic acid requires the same- force, sometimes even «
groator foree as tearing a wetal such as brass or iron. This fact
Immediately cxplains the inversion of the friction and wear.
““characteristica, The larger the adhesive strength of a lubricant
the greater ‘is the carrying capacity of the: lubrioating layer and
the smallér thorefore is the coefficient of friction; the larger-
however should be the force with which a lubricant moleculé. can .toear
- out. a’ metal ‘atom:from its boundiry face. Whon we .want o minimise»
the ‘wear -in the.development . of ' lubricants we must not.strive to.
obtain substances of very: high (?) adhesive strengths. but must try
to obtain:a cortain optimum, In order to approach the latter we must
not -pay too much attontion to the dipole forces of the molecule but .~
rather to the dispersive forces of the molecule which depend on tho

: specific ‘quantum bonding in tho C-atom chaine ~. = . T

' " Not only the 1ubrieant s, however, respensible for the wear,
The other bo ndary face partner also affects this value, The next

fig. ze' 1412

[ v R shows ‘the difforence. -
in the wear pr ertles of various motals lubricated ‘with the' samo
Vsubstances. A‘ce 'in substance such’ as” for instancd the” polyether




ry soft
metals it may produce so much wear that. one could almost speak of the
aleohol dissolving the soft metal. A pure mineral oil, such as e.g.
K 7, also produces very different effects on different metals, -

_ These differences in tho behaviour of oils wath different
metals, are of course also observed in lubrlcation proper, .

“rig.'zi‘(liso)l"
T : - one regards the various statas
of lubrication of & plain bearing, one again notices the effect of tho = -
chemicel constitution of the lubricant in that region in which the

totational speed is low and whero the load is correspondingly high.
‘ This isvthe region of partial and boundary 1ubrication.

'ho following : .
' ‘ figs, 28 (57156), 29 (57157) 30 (57158)

reprosent the differencea 'in the “bohaviour of various bearing metals,
in contact with the same oil in-the state .of boundary. lubrication;
. The oxperimonts were carried out by: Prof. Hoidebroek at: Dresden, You
will ‘'see how, deponding on the nature ‘of the bearing substance, the
"position.of. the point .of transition. from full.(hydrodynamic) to ™
‘boundary. librication at constant load is a function of-the nature

of the material, One is dealing here with:tho activity of the forces
" at the bounddary faco extending over thicker. layors of .the ligquid,
“he presumption that the boundary must- have an orientative effoct on
%ﬁepor layoers gains further 1ikelihood -from the comparison mado in

5] naxt : . Ll .

fig. 31 (57159)

' betwoen the . effects of two differont boaring bushos for the samo oil.,.
It is seen that for a given boaring play, different oil pressures
have to be .applied, depending on the nature ‘of ‘the boarlng material

. for a flow .of a given quantity of  oil in’ unit tima.

: -'~A art from the forces originating at the surfaco the stato of
lubrication is; affected by othor factors which are due to the
structure of the liquid. Tl

-~

.-~The;next¢: R

f;g; 32;(57097)‘ SR ,-f~ B

N

: St : B e T ‘shows some data obtained

: by Prof. Heldebroek n-a .gear wheol tost instrument,  This test . .

"instrument consists jof two carefully mounted gear wheels; a plozo-
quartz ‘1s bullt into the bearings of ‘theso-wheels; by this means

the slightest vibrations originating.-in the non-uniformitios of the

. tooth~flanks may be registered on-an oscillograph. = In thig 1nstrument
she tooth-flanks are 1ubr1cated with exactly 1 cc.of lubricant. .The. .

timo is - now measured which elapsos before the . lubricating layor -failss

this . point is characterised by the-occurrence of marks of roxidative

corrosion (so-called frictional’ oxidation) on the tooth-flanks, ' The

vibrations of ‘the gear whoel nre ‘also reglstered and ‘the amplitude

of these vibrations is measu 'In the figure sevaen olils have beon

. investigated which diffor in viseosity and ‘chemical constitution.”

-1t 1s-soen that the -life,’ ise,. »the time which elapses bofore -

" frietional oxidation occurs, differs widely ‘and. that' it is unrelatod‘ :
to the value’ of tho viscosity. The same applies-to the amplitudo ofv,v




vib on of the oils 15
a poly-butylene glycol; 12 1s a polyester of 2 mo .
othane and 1 mol, adipic acld esterified with Lenna-carboxylic acidj;
15 13 the same polyester in which the Lenna= carboxylic.acid has been
substituted by the soap acids {Seifenfettsiure) from the paraffin
oxidation at Oppau. It is seen that 1 .cc.of ester 14 has an extremely
long lubrication life whereas ester 15 is distlnguishedeby a very
small-amplitude in-its- vibration oscillogram. This ester. therefore
ONSUTO Vory quis Y g ZOHT'S Otrs—5,6—anit—7-ere—hig
.molecular ethylone polymers having a oonsiderably higher viscosity
than ester 15; . all tho same 1ts vibrational amplitudes are. twice
a8 large as those of the ester 15 which is. considorsbly more fluid.
The value of the viscosity, 1,0. the size of the molecule has .thus
no effect on the gquiet running of gears,. It “is tho=-sitructure of the.’
molecule that matters, O0il 15 is g voltolized, compounded:oil whose-
1ubricatin§ prroportios in'the plain bearinga are much praised. It -
does not o fer any advantage for roller bearings. oI

The folloW1ng
fig. 33 (57094)
: ) shows the oscillograms

of the ozls mentioned abovo. One can’' very clearly, rocognise-the nice
quiot run of ostor No,15 as compared to the irregular run.of the :
voltolizod compounded o6il No.12 which has a viscosity sceven times :
greater than No,15, We have succecded in regulating the ‘polymerisation
of othyleonoc in such’'a way that ono obtains polymors which have the™ .,
samo proporties as the estor No.ls viz, they damp the vibrations and .
tho roforo reduco noiso._w .

In the following
: fig. 34 (57151)

- ' R ' wo show you- - ——
someo results of sound moasurements whicliiwére undertaken by Kgupp With

an oil of tho above type. Tho effect of a damping-oil of this typo.

on the friction boehaviour of & plain bearing is very interestlng.

“Tho same oil which had. -been examined by Krupp was now studiod in. a.

~plain bearing by Profe: Heidebroek. The following

fig. 35 (57154)

g - represents the rosult of thisv‘
tinvestigation. Oil Ko.Iziszour. damping 01137--0i1-K-IT 1s dlso-an - =
‘athylenc polymer of -low viscogity. : The :complotoly different bohavior-
of “oil K'I is very well oxhibited; it maintains .the state-of full
‘(hydrodynamic) lubrication cven: at ‘tho smallest velocities.  In the
lowor half. of the figuro it is shown that mixtures. of oils K I and.

K II ‘may be preparod which avoid the 8tato of boundary lubrication
oven at small velooities. The -next o . ; :

/

K

’ : : TR shows the offect of temperature
on the friction: behaviour of a plain bearing. +The friction-falls as
tho' temperature rises bocause -the . viscosity is: lowered,. Tt is: .
important that oil K. I 'does not lead to boundary- lubrication -even at
vory~sma11 velocities ‘as shown by the Towor figuros o

fig. 36 (57155)

. The - effoct of temperature on the: frictio behaviour, as.’on :
‘lubrlcation genorally, has. confronted’ us in the last. two. years' of war
“with a.multitude’ of tochnical ‘problems.: ‘The first'of these probloms -
was: the 1ubrlcat10n [} weapons at the very low temperatures,which !




!

“ocour at the vory great :

l

- P fig. 37 (51026)

- ‘ " I show you the offect of the value
of v1scosity on the locking of ‘an .air force machlne gun at very low

tomporatures. The-task which we had been set here, was the production

of thin oils which would make it possible to start a machine gun at
ts—ru'1ffirtng-rate*-*%b*uchieved—thi
with 0ils 494 and-495, For this purpose we had to look for substancos
which, while having a very low viscosity, would take up the high
pressures of the various bearing points. Iin. the following o
: fig. 3§ (51027)

I show you ‘the connection botweon the chemical - constitution of

" varlous substances ‘and “thoir: viscositiés as well ss their, lubriceting

efficiency in maohing guns, ‘This efficiency-is charactorised firstly
by the time teken to fire 50 shots and secondly -by the: number-of
shots that may be fired for a single lubrication of. the gun. It will
bo seen that velocity. of. firing and total number of shots differ
widoely, depending on the structure of the. various substances The
last substance No,442 provided: .the solution of the problem, This
substance _is obtained if. one allows sulphur monochloride to roact
with the xanthate of amyl alcohol. The product is a:goldon~yollow
0il which contains about 607 sulphur; it is; 8o to speak, liquified
sulphur, ‘It has not only done valuable service- in-the: field of -

* lubrication but it has:.also becn apglied in. the field of lacquers,

‘For caoutchouc lacquers, .so-called Pervinan®-lacquers tHere existed
the problem. of producing vulcanisable7 liguid and easily applioed-
lacquers. . As the above product,. called.Nesufol, -is ‘soluble in all
‘lacquer Solvents and as. it decomposes when the lecquers are burnt in,
with the liboration of highly reactive. sulphur the latter is then
available to vuloanise the Pervinan, At this point it.should be, -
remarked that it was a very happy. idea of Dir., Dr, Glesen!s to join .
a=lacquer laboratory.on: to the lubricant laboratory.  -Both fields. -
belong-to the range of ‘application of boundary face - research and

of the investigation of the structure ‘and prcperties of liquids.‘“

The aetion of the Nesulfol in the 1ubr1cat10n of machine guns -
is shown in. the next S . .

flg. 39 (51025)

.. The difference in the effects of Ncsulfol in. esters ahd hydrocarbon
1011848 vemarkable. 463 and 469 should be compared,- In:order:.to.:

- attain an equally gcod shot efficiency the hydrocarbon oil requires .
“a~larger addition of sulphur,.as. shown by comparing 469 and 495, For
the purpose of its technical application we consequently hdd to choose.
a 1 & 1 mixture: of hydrocarbon.and. ester, - This product has been e
~increasingly uséd by the Lir Force since January 1541, . We started.
withha monthly output of 5 tons and are today producing 50 tons per
“month,.

We found a. second field of application for our osters in the-
Reichsbahn. Hore it was a question.of developing axle oils for the!
-oast ‘which would resist -low: temperatures i.e. developing axle. oils L
which would: posseoss a - good absorbability “in . the ‘lubrication pad’ )
(Polstor). of goods waggons at ~409C, - Free. lubrication of the axle
bush boaring and with it the downward velocity of the waggons from'’
the shunting incline of goods stations depend on.a good ‘suction
oefficiency of the lubrication.pads of thd 'waggons which are. made

“from artificial 'silk fibres. ~If ' in-winter the goods waggon doos not

“‘covor-the required rail distanceé the marshalling: of goods waggons

would: require a- large ‘locomotive park which cannot' be provided: forthis

‘... purpose,  The axle oils which had"so far been used by the Reichsbahn




‘"by—prod cts “of p ng. The noxt

fig. 40 (50764)

: shows the compositlon of
mineral axle oils. It is seen that they contain only 50 '~ 60% of .
propor lubricating oil hydrocarbons. The rest -is” made up of
' undosirable forelgn bodies of varying composition,

41. (50765)

‘ . : I , shows the v1scosity temperature o
characteristics “of: those: oils., One ‘can see the large ‘differences. in
.the value of the vidcosities at =20 and -30°," By comparlng_thewq
mixturos of olls amongst each other, e.g. 6 and 7 or 8, 9 and 10,
ono can also see that they have a very strong masnal 1nfluence on“ o
‘oach” other. 'First vi"tried t0 make the 6ild thinnor’ by addlng an.
estoer and thus 1mprov1ng their low" temperature properties, In this
way “if was indeod possible to reduce the low .tomperature “viscosity
very ‘strongly but the suction into the lubrication -pad could not be
improved suff101ently by this. moans as :is shown by the “ s :

fig, 42 (54694)

Addltlon of gas oil’ is better in this respect. Thls is speci
shown by the suction at =109, " The effeoct. of the- ~gas oil is based on
--1ts good solvent power for parafflns and the other forelgn bodies” .
such-as resins.and asphalts, .a proporty ‘which the esters do not
~possess, - In the tomperature range, however,. in’ which osters are
miscible with hydrocarbons and the -other substances thetr high
caplllary forces become noticeable, as is particularly shown by the
high absorbability. at’ $50°, We havo now solved the' problem by ..~ .
‘blending 40 parts of an adipic acid ester w1th’about 60 parts:of a.
synthetlc hydrocarbon :oil, - This mixture was quite: homogeneous even
at. low tomperatures, . This is domonstrated by the ‘Lingsar -course of . :
e the viseosity-temperature curve of our” Y axle oil in the noxt oy

: fig. 45 (57100)

’ R as opposed to

~ that of the natural axle 011. The necessary hydroe&rbon ‘components”
“are-produced by us by a socond’ Polymerisatien-of those Hydroearb
which are formod when the -aluminium chloride. sludge of tho SS-906,
production is decomposed.‘ According to a. doeigion of ‘last. ilarch by
Reichaminister Dr. Dorpmlillor:the whole rolling: stock of 'the: Gorman
“"Reichsbahn:has: to change “over-to this cil: by 1945, This" chango-over -
will mean that.about 50,000 tons/yoar of petroleum products of: the
German petroleum 1ndustry will be’ available for other uses. = S

I come finally to'the most- 1mportant field of" application of
synthesis viz, engine lubrlcatlon which-hag - beon the starting point
of all our researches. The following v : ‘

fig. 44 (46841) S S

' : " shows the effect of a 25% addition
of ‘estor to a hydrocarbon aero engine.oil, ~First one ‘can observe.the
increase in the running time due 60 the addition ‘of ester, secondly.
one observos the strong fall in plston rlng weor. )

o ' : : that in the case. of the
synthetlc-01l No. SS 904 also a’ cons;derable improvement 1n the




iy an ibitor
be present. This is made plain by comparing tosts 475 and 580, We
- found the importance of the addation of inhibitors from engine tests . .
alone about 8.yearas ago, It is only rocently that we have succeeded
in gotting some more detarlod- information on thoir action,: .

* The following :
44657099
U R R P S 'shows -the effect of oxygen .
on . our synthetic oll SS 906, These experiments, begun by Dr,Fiedler

and now being continued by Dr, Raichle, demonstrate that the oil
33 906 takes up oxygon. with formation’ of ‘peroxides imultaneously.
~—~the~icdine number fally s thHo content of peroxide ,» the acid
number rises. and the viscosity rises very strongly. The latbor
' phenomenon 1in particular is “very unwelcome when ono. has the task of
oveloping a low' temperature resistant oil which must not change its
viscosiby during use. For. if:such an increase in the viscosity ;-
occurs during use i.e. through oxidation, the-low temperature
. resistance -is theroby lost. We. thus had to look for substances which
"avoid or diminish tho cause of this thickening i.e, the. formation of
peroxides. -In silver wo found a substance which, though it doos not
~’prevont it complotely, yet it véry much diminishes the assimiletion
fr oxygoen arid thordfore the formation of ‘poroxides. This is shown in

S Sion 1 pige 47 (57093)

o

Wo use silver in the form of & aalt of Di Isobuhyioho-phénolQéulphidé.
‘The investigation showed that mot all organic silver compounds -are -
oqually offective. LTI R e P T i .

. : : &t K RERNEELIE P FE I o .ropresents
~. - the.increase. in- the viscosity due to oxidation-as a funct¥on of the
“inhibitor content.: It :1s soen:that an addition of 0,2% of inhibitor
. roughly halves the viscosity .increase, ' In tho engine tost carried
out with this inhibitor the running time was imbroved -by 100% and
the. .formation of lacquor on tho surface. of the piston wans also
considorably reduced. ~ The. increase in tho 'viscosity of tho oil" :
.. ... during use was also strongly lowered. In theiresults’ of the engine .
——test~tho lowering of ~tho-lacquer formation is particular importance,.
Wo know' that those lacquers contain a high proportion of oxygen,
Now we  can ‘presume that tholr formation 13 primarily.duo to tho
,poroxide,effect.~1Tho:endaoffect"ofzthisAroduction of “the.laecquoer’
Tormation is that the overhaul periodof ongines may be lengthoned
- ‘Whach amounts to a saving of ground personnels . - .- A
‘Ono-aim. of lubrication research aust be to.3evelop-oila :
which cause-no!impurities to be depdsitodfanywherefin_the?mochanism
Suchoils - would then bo regarded as constructional &lomerits of tho
engine. -Resoarch on inhibitors; which is.part of.the fiald-of
rorganiccatalysis, may‘hore have results of decisive military -
~importance, - T T e S L oy e e

“The noxt

rig. 49 (s2270) .
O BN Skl en T shoWsrﬁhbjprésent position”
-in tho devélopment of a4 ‘low-tempsrature aocro-snzino olly It must:

bg tho aim of:this devel ment to produce an-oil with.nq'moro*than;

2000°E at: =409, Tho noxt




Eb‘Tgfi gy =
fepresents the present positibn,in the development. of automobile oils,
The problam set to us by the automobile 'industry, a solution to which
%o must strive to attain, is the production. of an oil with a maximum
viscosity of 1000°E at -40°, The following . : o :

L Lige BY .. ..

o

- “e N

‘ = . : st .. FOPPOSONES_the. connection-between——
the viscosityAtemporathrb oharactoristicS»andjthe adhesive strength,
The adhesive strongth is a measure of the force raquired to set in .
motion a shaft resting in 0il at*low temperatures, It is measured -
in an- apparatus developed by the Tochnical Test Stand Oppau and_
—-genorally-introduced by the Air Forco . In the figure one. ¢an observe
that tho adhesive strength increases strongly with incroase in the .
viscosity, - If it is desired to reach thoe low values of the adhesive
strength which are found for morc fluid oils. even for oils of higher
viscosity theon a groat improvement in the viscosity-temperature
cheracteristics, oxpressed in terms of the direction factor m, s
bocomes nocossary. Values of m of .3 and less must be obtained,.: At
the prosent time they lie about 3.2, In the following - ' - .
fige 52 :(57160)
s - ‘ ' ‘ "7 I show you the corresponding :
values of the adhesive strongth of our present automobile olls. One
can soe that at -35° this has the samo adhosive strongth as.the
bost mineral Winter oil of. the Wehrmacht. Thus we have already come
Vory near to our appointed aim., 'All these problems. of developmont
arce made more difficult in time of war because the quantity of raw
materials nocessary for the solution of the. problems 1s getting more .
and more scarco. - Thus wo had to devote: somo of our synthesis work - ..
to the:'solution of raw matorial  problems Rocontly this has = RN
resulted in. our taking up the work. - whioch wo bogan'in 1930 -on mixed .
polymerisation’ ., At that time we were able to show:that the ' R
lubricating oil fraction of a petroleum froed from paraffin, asphalt
-and 'résin may be ‘refined by bringing into contact with the crude §
‘polymors with aluminium ¢hloride content from the paraffin -crack -
Product polymers(isation ? ), Tho ronctive hydrocarbons present ih
the mineral o0il then roact with the paraffin. -crack ~product . polymers,
-Undor these conditions the minoral‘oil,hydrocarbqgg_gggﬁg;gylgjgd,_wﬁ;_;_;
-;polymerisodAand—isom0riséd?‘“I‘ﬁiiéﬁ‘ﬁﬁIiﬁE?‘ﬁFﬁauct‘is obtained., It
is shown in tho Tollowing = - . " I ol -
Ligen 53.(45174 ) o e ST e v
S : B - ‘ Lo that this has
botter proporties in the engine. than the purely physdcal mixture: of
-the 'synthotic product and tho.refined minersl oil,  During the - last E
_Joar we. have applied the samé method to the 'polymerisation of ethyleno -
and wo -have. had :the Same success, Wo' are now planning the constructin-
---of a . pafinory st Moosbierbaum where:the combination of the refining orf
“Batural products . with that of synthetic products is to bo put into .-
prachbice on a large scale, In this way the mothod discovered and =
" pabented. in 1930 is finally boing applied ‘in bractice,  In cohnection -
with the' construction of, the Donau rofinery we also-have tho hope
“that this unification of nature-and synthosis should not remain. - "
confinod to the ficld of lubrication bub that.the two.will. there join -
~-hands also- in the fiold of fueols thus more and more porfecting the
utilisation of natural products, - In the following final figure, I-.
should 1iké t.o show up ‘the influence lubrication research has so far ' .
had “on the shape of the production of our organie division, ‘In this o

1




. you can sea

that for all bnt two prodiiots of 6ar dopartmient EW T

epplication has been found in the fiold of lubrication.

The "arch play" is ondod. Systomatic purposeful research work. ...
hos weaned. the lubricants off thoir decoitful moods, For the future,
.lot us hopo that it may be pessiblo to continue the research and

- devélopmént work as before: it has contributed to the welfare of
tho Fathorlands - many military . problems have found thoir solutions
ONnly THroug works - - :
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“maXylol = D - 540
o-Xylol- R —099

‘p=Xylol - . Lo e 4139

L ,

. C'onténé':
- CHg-(CHp) 3 4-CHy |
CHa-'(CHE) 7—CH—(CH2) 5—CH3 K
) G \Cﬁg .

OHg-( CHp) 5-CH-CH~(CHp) 5-CH

CHg CHz
CHz-(CHg) ;

H:,~( CH2) 3~CH-CHz~CH-CHp=CH-CHy, - -

- ‘coHg ¢ CHs CgHg
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