..gp..

desoribed in Engler-dekrees of  probably aomethin}; like 750 to‘:'mo'o°E,.

and tha oil geve viscosities alreedy above 40000% at ~20°C. . Therefore

these viacosity measuroments are misleading. Other rotation tests at -
me-result.. Thege fadts dos

tow—temperaturen-hod-the-anme- atroy the prejudice

_against peraffin-base oils snd in eddition the cleimsof the oil induatry
have beon ¢lenrly proved by ssveral experimonts; viz., that-for low -
temperatures the new winter oils are an.improvement on the 0ld -stenderd

" “o3l, " However; quite apert. from the montslity of the troops, two other

. pointe must be considered whidh make the produation of pers£Lin base oils
vith lower setting-points desireble. Firstly 1t ahould be possible o
hepdle the oil more easily et low temperatures (e.g., changing the otl
‘from drums into amsller- contBiners. or-re~rilling .the. engine Ateelf).
Secondly it 18 negesanry thet oil oontinues to flow froely to the oil-
‘pump of the lubricetion cirouit. . In most cases this 01l pump must st1l)
be protected agaiust foraign substances by filters. VA

. Im this connection we must consider the question at which ‘temperaturas’ .
we should start to dilute winter 011 with light spirit, e question which ' ’
wne alresdy dealt with further sbove. . ‘e should like to emphasise agéin
. thet oil should be diluted only when the tesperaturs of the engine-is

“such that eveporation of-the dilution spirit. from.the. ol £iln betweon
piston- and oylinder-wall is hardly to be expected,  Otherwise the
dilutionh vill not have its full effect on the engine vhen we went to start,
it. . R o - . ’ :
‘ ’ ' . : ’ : g : - T ./: "
The degree of dilutioch with light spirit of the lubricating oil still
needs ~ as mentioned above - further thorough investigetion.. The oil :
‘industry says.thet, if end when the cold stert standard of ‘the various
engine types are . correctly found (until, now apything between 760 and
2400° Epgler), at temperatures ol .e.g. ~40°C, we need not go lorer to
- make efficlent starting possible as far as the oil question i& concerned. .
‘0f course particuler circumstances may be mat At such extreriely low - ‘
“temperaturos. Phese ¢an -only be found end .exanined by exaot experimento. .
In eny case, &énd ss we use dilutionm, 1t ig unneceassary to require:more,:
if end when viscosities of ‘oil: diluted with light spirit oen be ascerteined
- beyond doubt: .- Perhnps a gafety-margin should be sllowed to provide
. 'ageinet the possibility of eveporation. . ‘a 808 dilution of the mew .. :
- winter oil with’light spirit- will result. in o.viecosity Of approximately-—.
48°Engler only et =400C.. - This inust be regorded excessive compared to
the utmost demands for. low teébpertiture stenderds of an engine 8t 750°L.
Uo7 "Dy ieber: says thet it is ‘jntended to-produce light epirit with e - :
boiling point bi_‘»aoé‘loo-mstea‘d of the oid ratio of 50:100. Dr. XK.0«
"~ Muller thinks thie chenge unnedossary for oil dilution. As regards fuel
- only difficultias erise at -4090. . Thersfore e boiling point of %0:100
had been suggested.  No-decision, hrs-teen made up to mow. . . . e

’.'yr,_ ‘Hossig' ‘;s' against this'as ‘not ohly does the danger or‘expioaion

v

/
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i+ inoresse, but also chipping then becomos extremoty difficult. The Army,
‘ however, points out that light Bpirit with a boiling point of 30 lm oan }
L nnsﬂ Lrais] . 8
-opinicn., , Therefore exaat investigetions are to be made whether the
" bouling point at 30°C of 'light’ apirit is ebsolutely necessary for fusl
_purpoger. A deolsion will be postponed till all Yoy Temporature start-:
’ ial, e:npui.menta have been completed. k B

I Lr. K‘Oo Muller submits - the dets for the four Kinde of ol sup-
plied Loo the" low’ temperature etart:lng experiments, ' These data were
found. by.-the chemico~technicsl State Institute (Chemisch-Tachnischen
leichsanstelt). - 1t appesrs thet contrary to what was hitherto beliaeved -
" ‘there are greet differences between these oils.  ¥ith the approval of
tho o0il industry it is therefore deoided that Pessrs. Opel (Mr. Bochner)
end Mescrs, Deimler-Bepw (Nr. ‘finkelmann) together with Mr, R8ssig, will
_ make tlicTough comperative-tests to exemine low temperature starting.
#r. Rdsnig pointas out the importence of the rotation tests. Pr. Brunck
au:,geota making these experiments with paraffin-base oils of the same
' in 1pection charac/teriatioa but- with improved setting-pointa, rad with
~Shoull 0il:.which has elready a favourable setting point. - Mr. Rissig )
is then asked to gome to an-egreemsnt with Xr. Bochner end Mr. Winkelmann
as.to how these teste are best cerried out. Nr. . RGeais uudertakea to -
: eupply the oils necessary. .

‘Here Mr. "'inkelmenn points out thrt the ruala and’ light epirit
- quentities supplied up. to now are not sufficient for the tests. . The
‘. Diosel firms represented in the sub-ccmmittees also need light epirit.’
Agreement -on that. point 1s reached ‘after the conference with the Chairmen
£ the sub@committees end aocordingly measures have been ‘taken. .%o spproach
the’ Army High command and tbe central otfice for mineral olls‘. )

b

Messrs. Opel report merked oloudme and eigns of inoipient crystal»
. lisation of the gaaolme when low temperature starting tests were made at
~460_and ldter at. ~40°, Cne observed that the fuel no longer flowed
efficiently at places whore there wes a marked narrowing of -the diamater
. ‘B0 that difficulties may be expected ‘ffom this side in low temperature
-gbarting. . mrtnemrewmy‘oaﬁpiaﬁmm—‘mrmm—or‘
benzol in the fuel. :

Dr Sch.lldweechter reports that both the gasol 1ne ‘end the D!eael
“fuel were ‘supplied last winter and no other’ qnalitiee will be obtainadle
in future; - There is some clouding, herdly notioeable, at- -1a° which "
w111 not 1ead to a ohange of viecosity oven at -43 c. :

The resson for this small emount ‘of ¢louding may be thet the winter ;
fuel is filled end supplied nt approximately ’ 4159 outpide temperature.
Such atrupt. drop -in temperature causes the very small: -quantitiea of T
- water to crystalhs_p out . As for the’ bigh degree of henzol (201). nothing' -

. . B ,
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will happon acocording to Dr. sohudweohcer. as it did not give eny troublo
ldat rinter even in the lowest tempmturon. R =

) ;:abab}rtho—nal—tmblmﬂbﬂ»l—not-ﬂoﬂmutﬁduﬂv will bo.

‘found in the delivery pump -or fuel lines.. 4s mantioned by the sudb-
_ cormittes oonoarned with mixturoa end fuel this matter noeds thorough
mveatigetion. A o .

All measures oonoarning the improvoment: of - low cemperatnrs atarting :
have now been deslt with. As fTer 88 the propossls ¢an bs carried out
under first priority the Chairmen of tho sub-committess will inform those
f1rms Dot represented on the committess imediately. The oarrying out
of the disposals will neteasitete o great supply »nd organiaat;on programe.
z'he latter, above 511, for cers already in servioe, :

L This. orsanis»tton programme peeds spooial attention and hna to be
discussed with the Army High Command. o

It is vez'y ‘1ikely that the’ aupport of the Inapeotor Generel for cara
and of the Deputy Geneml for cars ia nasded to tackle the supply problam,

. No war contract hes been given so rar ror the dovelopment of dow
temperature sterting. . 'l‘he Army hes been ssked to take She staps necaaaary
for this purpose as it is fesred that the firme might have dirficulties in
cerrying out their expariments. Colonel Rothardt will exemine the question.

_The Inspector Genersl, for.cars {GBK) expressed his thanks for the elaborete
work done and the taokling of the problema so for, but points out the .
pogenoy Of the matter egain. ' He wiahel 385 to make wey for practice

8o thet the moens requireﬂ for the coming vintar win really be evoilable.

-~
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Lead-storage batterien for motor eera . bm
.. for atarting, ‘lighting, and igniting Y, 72311

testing rogulatiaons ‘ page B
_Article 1 o o
Qeneral

Betteriee not ' charged when supplied should be treeted sccording to the
directions of the euppliere. the samo applies to the re-ohnrg:lng of
the bntteriea. )

Art :lole 2

Grevitx of aoid
ahen f\uly charged the gravity of the eoid should he:» ~1.,28 20,0k

o . Avticle B

Détermination of - cep'aeig '

current intenaity (etrength) ox\}isoherga in ampereb during the diaoherge
: oonatant at -

(a) 10 hours of urinterrupted discharge equ‘ivelent to one
tenth (%) of ‘the numerical value of the eapaotty in -
, empere/houre., : e

5 houra of uninterrupted discharge equivalent to one
sixth (%) of the numericel value’ of*the eepaoity in
amperefhoura. oo L

. Permiseible. minimum velue ot the. battery voltage at the

- . end or discharge ot ‘a nowinsl ‘voltage of € volts ;. 5.26
~yolte: ~ 8t a nominal -voltage of ‘12: yolts 110.8. volta.,
Temperature of acid at the ehert of the diecbarge 2022°c. :

Testins cen be done either aeeording to {a) or’ (b)
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Artigle 4 """

Dotermination of ‘atarting capaoity

Current '1ntenaity ér the dischargs in amperes during the ehort-ciroult ,
oonstant 30 timea of the 10 hours® discharge-ourrent. . -
Admjaa!blevmfnilmum'valuee of the battery~voltege at o ‘nominnl voltage
of ;- e N ‘ - ' v

U 18v;
©oe(a) “temperature of Aoid 6t the ‘beginning :
- of the dischargs 20%2%¢ e

after % minute uninterrupted short cirouit

LA " " ) " -

LINRY S . " " o

(b) temperstura of
discharge 019

acid et the beginning of the -

: L } . s 8v,

efter § minute uninterrupted short oircutt - 4.86
‘o 1 " L] - " " 4.8
A I ~ LI “ o 4.8

A test according to Artiole 4 should always ba preceded by & discharge
acgording to Article 3, followed by re~charging the bettory‘uepqrdlng o
;0 Article 1, - R m o SRR
Testing may be done either agcarding to {a) or (b).

Article 5
~Gon‘du’6t of Testa. .

- {a) Tests according to Articles 3 and 4 must ‘beglu within 2 hours after

. the ‘charging of the battery. S ; e
(b} The supplier mey request two repeata of the test 18 the Tirst tent
.18 not satiafactory. N ' ' R

T arbiele 6
- o ‘:Excngfioni;.- e
“{e) The &ravity of ‘the acid for cherged batteries to be used ‘in the
‘tropics should be 1.23%0.01. - R T T
{b) Batterias acoording to page 1 may  be tested aocording to Article %
enly. e - ‘

'

" The’ Chatrman ‘of tho tochnicsl department 1g

Sl (Acoumilator- and’ galvenic-battories) .
.. of the induntriasl group - Blectro-Industry,

o /. Pt




Appendix '2 M

. s Svggeation el L :
for the care of lipghting and starter batteries at ths front -

Fho-sctd-gravity of the bottery Tully oharged 15 1.56 (1.3 in the -
- tropics) and decreasea with continual' discharge. .. P :
-Ahen the gravity has decressed to 1,20 {1.15 in the tropioes) starting
may no longer be expested for ¢ertain snd the battery should be re-
charged. . N o
‘Sulphuric ac1d must not te used under apy circumstences to guarantee
this testing poseibility. o e .
Distilled water only must Teplocs eny evaeporatsd 1liquid,

s

{2) The gravity of the ecid snd the repiacement of tho liquid by dis- -
tilled water must be done every Z weeks.—. In the tropics every 8
days. . R ST - Sl ’

.,'“(3) The docreaseo of the gravity of the aoid 1s caused :~

- {a) by discharging -
{b) by getting ola - T
{0} by & feult in the electric plant

re {(a} ~ after re-~cherging the battery. outside the cax the subsequent

' test of the 10 hours? capacity should et least be 80% of the
--otandard cepacity. If this vealue cannot-he obtainad, re- -
pested oharging -and., discharging must show if the battery cen
be made serviceable agein or should be discarded: :

Before fitting the battery in the car again after it-is :
thought sorviceabtle snothor test is required to.see whether
it is cspable of-sterting the ser.  The fully cherged bot-
tory muat be lorded with thirty times the 10 hours' current. -
.8t a oconatent loed. The cell voltage muat not fall below -
1.5 volts during at lesst 4.5 minutes at a temperatura of

‘the acid at the beginning of the discherge of 20%29C. . To
the acid temperature at the beginning of the diacharge 0%
the battery must' be put ubder the same constant current

for at lesst 2.5 minutes, . . : :

ra (b) - 0ld ‘batterios will generally not raach the full cell-volt-'
Coov-ocega of 2.8 t0-2.7 volts and also w11l not reach the minimum
+ -cepacity of 80%. : ) : - : : -

e () = 6 feult in thé electrical plent is in partioular the fect
- that the Ustieries in the car discharge themselves withia,
... short-intervales end v:ithout_ being used., B

the- oar 18 not in use the battery mi;st be ‘discherged every ¢ weeks,
| : 3 - g N o . B
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- Before every 3ra re~chargs the ba_ti:erx mst be discharged with ',,
surrent. of Jfp of 1ts capecity up toa Sell-voltags of 1.75 volts.
- (8) In order to test the_batteries properly,-reserve-bettortss TEt 66
~supplied in surf;lzient numbers 1_'or eao‘h,!vmi,t,u ) T co

'
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. LABORATORY TEST METHOD FOR THE AGEING OF
... - . LUBRICANTS .
’ ’Byl_"]‘)rT‘Mayer"— ‘BugstrBm, DVL, Inet.ES.

, Experimental conditicrs ¢f iGisra mechods of oil Aage:lng

) ‘Quentity - Balosl Oxidising Constants |
Method - - used wEnd Terp, 7 agent Metal Determined
S : gm co ‘ ! ST PR i ‘
Method of the Brit- R R I 5 % - T Incroase Of SDe
,ish Air Ministry 40 : gan T Tate/h, TS e vis, and
. ’ : B coking

" Method of French ‘ —— , Air jet geme), plus in-
Air Ministry - ; over stir- orease in es- ..
L ‘ ‘ rdd oil ' phalt content

Indiena method s : ~710 1,air/hs - = Tims-to fomm
o -l - - : 0.1 and 1% of
asphalt and to

‘increase vis.

| | 257
'Sliighv‘tes;t' o ] ' o 1 o " Asphelt

Evers & Schmidt . ° - - : " ‘ Heavy. . consumption-of =
L . . metal  oxygenm, increase
TS B ) ...~ .oxide .1in scid number,

’ - ) ) ) on -dafl no. and

silica content of’

gol. asphalt, -

DVL dish mathod ' AR <1 3 7T = voldtility, as~.
Lo . ULCOTT . phalt in ras—'-
Cer i v iquel oil. ‘

.~ WAR method o D : w0 materid@l insol=
©.{Wright Aero- .= .10x3& T CB 288 Mo AL dish uble im pebTe. . ...
- pauticel Corp.) < ) BT L TLE - ST T ather, also 88—
: B N M o : R . S - phelt materiel
‘ e : ) I V-0 goluble in chlor— .
oform. S
.+ The experimental conditions %o which the oils have been subjected’ in
- tho course of. the sgeing mothods Wave been collected in-the teble. . If those
 conditions are compared with those 0 which .oils are. exposed in practice
large differences ‘are spperent .- Tho aging.temperaburos. are  mogfly muoh * -
.- “lower and .there is never pure oxygen acting on oil uhdér practical conditions. '@
~AlsBo-the action of air is not ‘as: in some egeing mothods where bubbles of air
. ‘are-allowed to rigc in the hested oil. ' Moreover,’ quring ‘testing tho-oil $s_
©in‘a" gless vessel, wherees under practicel conditions it comes into -contact.
only with'metal.: . L e R SRR

U Phe: tixﬁé.of'oxidat,ién,and‘ ‘the femperature are. vary Jow 17" the :mathd_dv,,xi S

" of Bvers spd Schmidt i.c..it hes less effect then -in.the' Sligh test. .. On .

~ thé“jother hend this mothod id not-only carried out in&n atmosphore-of

ils %o be ‘exemined are: sprond out as g slim layer on ..
| The severity '6f soperate conditions of oxidation is
ong tho diffordht mothods montioned sbovo. It hes
het even faf_lsmal]_. ‘chenge. in_the .éxporimenta onditions may )

‘considerablé. chenge inithe oxidedion strbility. ;| The test cond ti‘pps’
sent 3 “the' poriod of ‘cooling ahd the time
Y ; . It i8 thorefore
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* necesstry to iuy down on oxnot mothod of fost, 1na rating Ty voco
. grronoous if the conditions aro mado MOre SETVXA; GaBe by rising’oxygen- instead
of oir oxr by inorossing the tempornimre, .

Ono.hos to moke o fundamenbal digsEnction between the total oil in
circulntion on tho ome hurd ard lceally overstrossed ports of it on.the other
hend., FHadmer states hhat in cuntro-distinebion %o oils which have been used
indor Rorial dendltions mincioi-cils-ean.nc lenger be "regonerated after they-

 have beon artificinliy aped 2%t Lomroratures over 126°, The latter appenr to
“have under-gone ~x irreversiblo chomicul chengo throughout thgir mes,

Tt would be desirsble to meke certain "se5ts" ot various temperutures.' '
It has not yet been’ possible to do this in practice a account of its intrichey,

Ring sticking, at ieast as fur a3 noro-ongines are concerned, 1s
_meinly due to chonges in the 0il ond not in the fuel, Oxidetion is an”
- -importont feotor hero, Thot oxidation oocurs predominantly 1n the combustion
chamber ‘may be deducod from the large quantities of oxygén which are found in
. the "oil-carbon” of the combustion chamber, ~ In one snalysis, for instanoe,
one circulpting oil conteined 14-17% ‘oxygen, wherens the content of a sompler.«:
. from the combustion chomber wos 22-27% ofygen, Substances produced by |
_incomplete combustion of the fuel also play a port because products such as
formic ccid, ncotie acid, aldehydes and phonols tend to form resins, It is
not ‘enough to determine the total asphalt as the propertion insoluble in .
petroloum ¢ther, cnd the proportion of nsphalt socluble in chloroform also has
to bo determined, . The oxidation tests do not include the humidity as o .
foctor in the ‘experimental conditions, This is a drowback beoause the.
penetration of water int o-the lubrication. systom is angimportant ‘factor in
tho ' formotion of sludge in tho ongine, :

BN

The‘determinntiori of. viscosity 1i,e. thickening is not essential,
More stress should be laid on the direct determinntion of egeing products,

The tempemtwre -hns o vory lorge offoct on the formntion of these
ageing products, Mineral: ‘oils tako 24 hours.before 1% of - sludge is -formed at
2002C; only a few hours are:required ot 225° and only & few minites &t 250°,7
Similarly 1 gm,- of oil ot 110 requirss 300 hours to teke up 1 mg, of oxygen
48 Yiours ot 125° end.only = few minutes ot 2009, In the neighbourhood of 2509°
vigorous dectruction of The oil sobe ‘in ascompunied by the vigible externnl
‘sighs of decomposition, .The Indiana Tant, in particulnr has proved velueble.
in-giving comparntive daba; espocinily in thot form of the mothod. in which the
‘0ils are exomined until they hove reached the some ageinf state, ' Synthetic
“oils do, however, behave .peculiarliy in the indionn method ‘in-cs-much’as they

-do not form Lsphnlts even after 400 hours, It is characteristic of synthetic
" . 6ils that thoy -thicken considerably during ertificinl ngeing; also that there
is o pronounced formetion of acid nnd saponifieble products, R o

.The 1limits yloced on carbon formntion finy well be somewhnt' too rigorous’™.
in the British "Air Ministry"™ method (o moximum of ‘1 for the’ carbon wvalue - :
nceording o Ramsbottom, or & maximum of: 0,70 for the increase in: the corbon
volue) ‘The 1limit -for visecosity inerease that is stipulated (o moximum of 100%)

‘con be- met by the usunl dero~engine 0ils, except ocmpoundod  ond synthetic ‘oils, . .

"—Mnyer-Bugster summariseé/ his pupe-r thus :

The residuo'vfoimmtion in ‘the ¢ ombustion chembor is hn»essentio.i"fuctor in the
sticking of the piston rings ond the tendency to form sludge, . Mothods: which

are meant to mensure ‘the lntter properties m;ist'thér’afox_-e‘not'depo.rb too far
 from the conditions obtaining' in residus formation, " An ageing method ghould.

.. tHerefore not concern itself with the ayerage change in-the whole of the oil:
" but with tho.change undergone by the; overstressed ‘port of the oil, A large

proporbion of the ageing methods do However work under conditions which : °
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tho whole of tho oil more thm it is' o in the engine

R ”
'};r}el‘gu%&gggytggng%grstressod 01l loss then it is changed in tﬁe engine, "

L One should strive 'bo/simu'.lrl\_te praciical conditiors o8 nearly ns
possible without, going to the awbrems of cover-severilty, .
‘The .oxidation test can imtiate rrastiocal cmaditions particularly
*in the fellowing pointa,. - -, . : ’
1) Tem;_iéi‘n;ture N
The tendency is to 7ix: the. tomperniures hilgher than has boen done so
far. To imitate the processos in the grooves it will be necessary to uso o
temperature of from 275° to 300°C, If the tomperature is reised ‘stey by step-
prectionl conditions may be still further appreached, - - '

.

.- é)'Air. -
) ‘ : The usunl coking methods do not correspond - to pru:;tioe.l conditions *
in as muwch ns the omditions in the combustion chamber sre. imitated only by . -
- the very high temperature but not by the exclusion of oxygen, . It is shown

by the thermal trentment of oil that n false picture is ‘obtained when oxygen.

_is exoluded éompletely;. -the use. of oxygen in plece of air also doss not
correspond ‘to pricticnl conditions, S T

3) Moterirl of the Vessel,

-hgeing in. glass vessels does not correspond to i:z"c.bticul- conditions,
Metol vessels or the introduction of strips of metal constitute en improvement,

» 4) Stote of Motion ‘of the oil during the ngoing procoss. ey

: The various methods exhibit wide differences in this resrect, depéhi'i'ing A
on whether more stress is laid onvth_g,ﬁ_@_mtiouﬂ.thin,;stnongly-hemdﬁlnyW

Tor on 6 thoérough admixture of tho air,. -

R Tt is.desirable o combira tiio monsuroment of the volatility with the
© “oxidation experiment prcper. The other properties. rolevont for the changes =~
~undergoms by the oil.in the englie; such va the cupicities for dissolving and
forming suspensions of naphalt, the resctivity of the "oll-carbon" should be

- determined dn sepurate;exporimen‘cs‘ - T o o ;

] The principle’ of meusuring the tendency to age by the time required .
‘before o given stote of egeing is.reached scems to offer good prospects, The
'Indiene. test is the'-only method based on this principle that has . go far found
‘'wide appliontion, ) s B S : : L TR

. If grenter reproducibility is to-be atitnined with methods which
“arbitrarily fix the time of oxidation the experimentsl ‘sonditions have.to be .
10ia down precisely, not only during the -oxldntion test itself but also during . ' B
--the working up, In partiouler one has to Ioy ‘down the time "intorval betwoen- e
the end of oxidation,and the beginning of working up, : G

1
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ON THE. CHEMISTRY OF THE AGEING 'OF"HYDROGARBON 011s-
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By: Dr, Ing, Morghéri. from the report on
R conforence 2nd part - AGEING,
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’

For years the DVL has!-been ocoupied ‘with the task of eluoidating the

procesges which ocour in the ageing of oils, Tho war intorrupted this work
beforo it could be brought to a conclusion, .Tho sgeing of oils in the engine
is largely depondent on the presence of molecular oxygen, To follow the -

.mode of rodotion is very difficult even in the onse of well defined simple
substorices; so mch more A1 fficult is it in the oase of 1ubricnting oils which
represent o soerely knowm mixture of hydrocarbons, 1t 18 aiffioult to seperate
the mochanism of oxidetion proper from the side recctions, If we have stable
oxidation products wo cro interested firstly in the-. stability ot verious -

‘témperatures and saoondly;  in -the tondency. directly or indirectly %o enter
idto polymerisntién and condensation reactions, thus forming higher molecular,
sparsely soluble ,. substonces of 1ow volatility which mnifest.theniselves as !

‘rosins, aspholtic resins, asphalts, oll earbon or sludge, If one kKnows ‘the
functionnl groups one con take away the substances c~taining 02 and then
mkeo soparcte investigntions of ‘these gubstances end. of the remaining pure
hydrocarbons, ~Formerly ono was sntisfied with meosuring the neutrelisation
number end the soponification aumbor ‘of on nged ol ds o criterion of the ’

. oxidatfon chonge of the oil, The presence of smll quantities of porexides
wns_demonstratod, Furthormore one dotermindd the quontities of resin, - -
‘asphaltie resin,.csphalt, and Yoil-darbon” eithor by fraotionnl preoipitatio
““or .by ndsorption: on earths, The .torms mentioned. above (resins ‘eto) are of

3 scmewhat nrbitrary kind, The DVL carried out the ngeing in specinl vessols

“‘at tomperntures betweon 250° ond 300°, with air, and for various lemgths of . -

e _»hti'me.. )

e e Mo sppondficoticn numhexr was determined under.such donditions that
it repregents only part of tho re 1"‘snponiﬁqn?i‘En—'ﬁu‘ﬁFar"ﬁhi’ch'—for—the——m
, residual oils %tosted amcunted to.about 1/3rd.. of the total mensurcble forms of
- 02 ‘1inkeges, The-methed of the investigotion is ‘mde. olear by the diegrom
- balowg I T . C ! : )

Carboxylic. nelds ™~ T _Titration with
e o AN il alocholic potash
“Substnnoes hrving e -
gold chrracter .« - E”Saponificotion ‘and
(Bydroperoxides, - ' " titration -
1~ phenols,Enols et : i
- e e Acetylation
Lold onhydride " focording to o
Estor eto, .- Verloy = Bolsing
i Primry,secondary ; ‘Determinntion of
. Oxy N aleoohols - R eotive hydrogen .
compounds . Fhenols (Zerewitinoff)
Tertiory nlcohols . " Treatment with
- sodium alcoholate
- Ketones
. (Aldehydes).

o . Trentment with
Percakides CoT - Grignarel-rengent
'Ether=1liko
- compounds

s




= 5=
'Moleoules oontaining-OH groups may be tr&nsformed into salts with’ oxcess of
sodium alecholate or with sodium amide in an atmosphere of pure nitrogen'

they are thon precipitated with very pure dioxane, In thie way one can
obtain an oll free from - OH, "The DVL has various procedures for ageing,-

1) Purely Thermal ] . = B hours at 400° in o sealed
. off=tube in &n atmosphere of
) nitrogen. o

2) Oxidative . A = 23 hours at z75° in air

“3) Thermo-oxids.tivew' s = firs'b 25 hours at 276° under Ng
- - then 23 hours at 2759 in air.

;

©oa) Reduoiﬁg ’ , = 5 hours at 1559

. In sntumted ‘hydrocarbons the formtion of residues is ‘nccampanied by de=
hydrogenntion; this is substantially nccelerated by oxygen which is a--u

i hydrogen coceptor, Meto.l £ilings can acoelerute ‘the dehydrogezmtion oatnly-
tioally. ) o .

"large amounts of ‘peroxides will not. be detected in o lubri cant which
has been oxidised thermally; peroxides will occur-as an intermedinte stnge, )
since, in general they are semsitive to temperaturs, ~Gonernlly it.is not the
peroxides, as isolated. which are affected by inhibitors, but those addition |
compounds which are formed before the peroxides and are speoinlly active or
the activated but still oxygen free molecule itself,-&anehow so that either
directly or by way of an intormedinte chémical reaction, these unstable forms
are "neutralised" and o chain reaction’ is provented, It is still'an open
question whether in-ageing phenomons we renlly.hnve’ to do'with ohain renctions,.

- It is" known that in controdistinetion to the inhibitors proper, compounds may
retard an oxidation which themselves undergo ¢ permanent change in the process,:

‘ In coneluaion itﬁshquld be_geid t}mt hat our lmowledge of “ths mecanism
of ‘01l ngeing is still smell, in particular or when we are working-ct-higher—:
. temperatures, A large umount of work will have to be ‘done’' before the problem
- 18 saeisfo.ctorily solved - .
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' 'ON THE AGEING OF OIL AND ITS CHANGE 'IN USE

’By: Dr. v, Puilippovich

from tho report on the 1ubr5.cut:lon oonfarenoo an part'

AGEING My, 1942,

'

" The definition of "agoing of an oil" is unsatisfectory in as for as
gonernlly ro strict dividing line 1s drawn between changes oharacteristic of
o substance and its structure nloms and thoso' changes which .are brought about
by cocidental impurities, Very ¢ifferent judgments hnve been pronounced on’

* the .nttempts to estanblish r relation betwoen the. thermo-oxidative ngeing of

2 .0ils in the laboratory cnd tho changes under gone by an oil in use, . When
one tries to find o thrend running through this subjeot which seems so
hopelessly entangled one can rogord as such a thread aily the faot that - .

- apart from o few exceptions « it hns not been possible to attd in gonoml
ugreement emong laborntories, ageing nnd prcctioal bohaviour of an oil,

Philippovich urrives at tha followi‘ng defini'bions'

: »1) ein is that change, chumoteristic for the 011, which osours mninly

Gﬁen %‘ho oil is exposed o tho offect of heat and/or oxygen. (air), Thus
;- 1t comprises nll thermal ond thermo-oxidation changes in the ‘oil and may.
' -ulso comprise those cht.\nges which ooour in the presence of cotalysts,

Ghnnge of on oil in usei is the" nggragute of u11 the purtio.l c}nngas under-
. gone by on oil in use 1,6, ngeing + pollution, ‘irrespéotive of whether me
" hns to'do with innctive impurities such as soot, dust, water, gasoline
diluent, or with impurities which are chemimlly uetive (worn=of f metal
- dust, leand oxide, corrosicn produo‘ba) and vhich can therefore affect the
further ou:idation -of the o0il, .

- .

The thenml deoomposit:lon of the ‘0il hydrocarbons sets in at nbout 250° and
‘48 nocompanied- by o deorensc-in size:of the moleoculs i,e, décomposition, -
- on:the cne hond and by the formtion of larger molecules 1,0, odking on
- the other,  Aliphatic compounds have a greater tendency to edke, since their
" C-ohains break moro eosily, Thormal decomposition 1s not an equilibrium
.. reaction but proceeds. in'one direction only, The purely thermal reaction
without the effect of oxygen does not play o lorge part in the engine,
The thormo<axidative change in the o1l 45 of grester importance,  Thore 15
- oriticnl temperature ot about 120°, below this the renction should be - :
k monomoleoulo.r, above it, it is u.ssumad 40 -be of higher order, - In tho ¢ase ,
- of synthotie lubriconts the formation of napho.lt is much less marked thon . -
~the formation of noid, Ti tho ongine also synthetic oils produce very
S lf;.;:.tle nspha.lt but thay exhibit higher acid numbers thnn do the .mdneral
0. 90 Y AT
-The velooity “of the therml decomposition 1ncreases with rising temperature;
Tho - residues become poorer in hydrogen, richer. in carbon ond less reactive,
At high temperatures.the tendency to form deposits. opposes the oombustion
. veaotion; there. is thus nctunlly a tempemture ot whioh depos:li: formation
‘ ia & maximum, _’ Yo } . .

: Oxidntion sim:llo.rly 1ncreo.sos in intensity s the tempera’bure rises; -
o ohange: of o' few degrees my under certain ciroum§tances hovo obserwable
consequences, . If possible; oils should be’ tosted at temperatures resembling‘
the practical omd:ltions. Thore-1s no doubt that the corroot oho:loe of e
tempernture 1s a matter of considemble diﬁ’iculty. e : ) .
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. Every oxidetion process may. be favourubly or unfavoumbly affected by oatnlysts.,
‘Fo, Pb, Cu are mrticularly effective, Water does not playan apprecinble B
part in the leboretory rgeing process oven though 1b is of conaidem'ble
importanoe in the engine, : L
Subsi:o.ncos tending to prevent oxidation (inhibitors) not either by diroo'bly
;preventing the renotion botweon 02 and hydromr’bons or by forming complexes
with any motallio catalysts prosent In the 011, In thormal decomposition’
there are some substandes which fur*b*wr the reaotion but fewer substences’
which ‘rotord 1it, .

_‘I‘he oxidation tendency of o mixture of 5ils of difforent types is greanter

than would be expec'bed from the law of mixtures of the copponents,. . L
The . oxporiences -5 mad w:.t‘m Jutrieating oils in éng;.nes bave to.be even more
"~ .gbtrictly applied to form o busis for 4.110 chomionl prosessos used in the manu-

" froture of lubricouing oils, Apeirt Tew. stbstacces inhibiting the oxidation

.there are othor oddition egonts which provent’ the formation of ocke ond thoso
. which inhibit.the doposition of sludgo,

If o genorally wlid rating of the ofl is to bé-uttuined‘ uné hos to take into
account o large number of propertios? ' The thormal and the oxidative behaviour,
the combustibility of the oil amrbon, the susponsive oapecity, thée capacity

to dissolve asphalt, the corroding tendency, all theso decisgively influence

- . the behaviour under practioal conditions, .Ench of these properties must be

vfinvestigated as. o function. of tho most important variable factors nffeotmg )
-the  engine i,e, chiefly 'bempomture and: time, . Thers is:mo alleround test to
"eover all practicnl cix rcunmstances, The sole effective evidence on which to
bose the groding has been nnd. still is the full scale engine test; this
method however is exnenswe in torms of time und mcney end it is d:.ffioult

A lubcrntory test will tend tc agree better w:.th the behaviour in the engine
a8 the part played by occidental changes in the oil bectmes less, The engine’
experiment in its turm-will tend “o be morc nearly reproducible whon the
nccidento.l changes - becnme mere unifom.

Y
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. ARTIFICIAL AND ENGINE AGEING OF LUBRICLNTS -

. frdn the' roport: cn the lubri'oa.n;b coui‘erencdPurt;‘...'[l.w s

In all the test methods it is important- £0 age tha lubricating " - -
0il as quickly os possible, - This ig attompted by incrensing the temperature )
.ond by adrittting oxygen over verious pericds of time,  Aged .oils are thon. -
" greded scocording to formation of esrhrlt or vigoosity; tendency to form

" carbon, formation of .resins or nevtralisation and sauponification numbers,’

- Up to now-i% bes not yel been poseible tu ohiain ugreemont hotween ‘the ugeiné
‘numbers and .the wvoluss takon n-cm +the rumning of eugineg, - The ‘nuthor haa
earried out severc.l ocperiments in tho laboratory and on the angine.

i1) Indiane mothod N

. 300 ce of oil were aged con’binuously for 45 hours at 172°C, eir be.’mg
“introduced et the rate of 110 litres/hour, The proporticn. of asphalt wes theu
" dotermined, In.0ll tho oils that were investigated less impurities were’
“found at 100-135° than.at 1729, 'Signifieantly thers were no lorge dii'ferenoes
’whother air wos p.ssed at tho rate of 10,15 or 20 1itres/hour.

~-z) Nouk-Method I . ',- L RS

X Here ‘the agomg is carried out in the Noak appuratus, one hour o% 250°, at

& reduced pressure of 20 mm Hy0, . The quantities.of asphalt ard mineral oil
“‘rogin aro then deoterminz=d,  Tho vulues obtained in this way cannot be com= .
- pared with . the Indiena numbers, If thy quentity of air introduced is altered
(20, 40, 60 mm,H30) tha recin formntion is only slightly affectoed, _

3) Age:lng of lubricating 0ils aocordmg o the DVL

_The de'bermination wes carried ocut in’ hemispherical oontainers of glass, .
porcelain, aluminium and copper with the exclusion of air or au:ygen. It is
.remariable ‘thet the mterial of the container does not play an important part
es long ‘as, in ncoordance ‘with the methed, one excludes oxygen and air, If,.
+however, concentreted or diluted oxygen is passed same of the resulte beocome
very diﬁ‘erent Resin content and the coking tendency are inter-rehted.

‘4) Effeot of various gasos T e L

_'Wi.dmnier heated 250 co-of oil in a closed round- bottom flask to tanpemt,ureg
-of 80, 100-and 280°C and introduced, ni trogen cerbon dioxide or: oXygen with-
continuous stirring: = Volume of ges = 50 litres/hour; tize of exp. = 3 hra.
"ﬂ:e comparison shows thet only oxygen' effects s chenge.in the viscosity’

. but-not N2 or COgz. The resin cortent is also considerably increased by
oxygen. - It is difricult to answer the question es to. what products are
formed from 6il end oxyged et 2500, .According to: Suidd very meay . -

' -chemieal resetions oceur in the oil, many new compounds being fomed. It

.- is-very difficult to: escertsin whet the. Various products of oxldation are,

: the best method ia still the sbponification nvmber.. A .-

\

Whm analoguous exporimeuts ere esrried out in a. sinsle cylinder engine
results are obthined which do not:coincide with the values determined in
thelsbordtory, It appears to be. ‘questioneble whether the' resins formed
o 1n ‘the. engine:have really a. deteriorating ‘effect .on the oil. . Especially
- at high temperatures these resins maey even - favour, the fommtion of. a.
lubricating £4lm; - resin fomation is théreforc. ‘open to objection aes a
£ the oil’ sgeing. mamaie ¢
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~ Vhen lubricating oils arc artificiclly eged the crnditions selected, such as i
time of esgéing, temperaturs, concentration of 0'2 end t}:e working meterinl ere all
very importent beccuse on them depends the mode of thé ensueing’ reactions, - "
including ‘t~ndensation,  pdymerisation, oxidation end erecking. The results
. are gpplicable to practicol conditions only if the seme conditions are kept
" to both in artificicl sgeing and :ln,ce;eixig in tho emgine. - 7 T
The conditions nbteining in the engine, however, are subjcct to continual
chenges.  The ageing resistcnce »f engine oil lubricants’ therefore. is o .
_guertity very 11l suited to be dstermined in the Llaborztory. .

When the gsses contained in the crank cese were introduced into. the oil,"
it wes found thet at en oil temperature of 250° only oXxygen had any :
..cpprecieble effect, wherefSs COp end Ng hed no effeoct.. .. Added metals such’
es Cu, Zu, ond Al generally increase the content of esphelt; the viscosity end " -
the deposit fometion of the oils. S, . s
When the results ¢f ™aturally” snd artificislly aged oils are compered
it is seen thet in most ceses the cgreement is mot good. : K
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' Re! A’pplication of RB lubricatmg oils - reEor t of 10.2.40'.‘

. RB lubricating oil has becn used in the "compressor houve" since the’
beginning of this year as superheated-steem cylinder oil, compressor oil ond
to & smell extent as machine oil: 'RB lubricating oil was introduced at the
time beceuse it beceme &> difficult to procure the minersl oils which hed
been used up to that time. The supply of EB: ‘lubricating oil has.now had to .
be discontinued suddenly according to a communiceiion from Herr Niemonn. ’ :
In_the future external oils will again have to be appl:. ed Tor and procured -

i foz- the compressor house. . . ‘

Operating results and exaerienc h FB ubricating -

0115.

'I'he oils 'Bupplied by the RB had 'bhe follomng chara(.tcristics.

Superheatsd—steam cylinder ‘oil No. 2017, . - ’ Comgrcssor 011 No. 5018.
Density 2° . 0.869 o 354
Viscositysoo L sls . 2as
Vis.pol. height . 176 B R T
. nei‘ztr.v no. .. oL dbs ol o ’
""’”s'éi&ﬁ. B, T e
Flash point v S :aalc '.

Setting foint Y -2900

/

Volatile S vesbo L lasho

Conrad. test o 3 0 '701% S 0.‘440‘7-'/ :
Ash T olom L 0.02.
aesin/asph. L s e weh
" acc.‘Noack test T 8.'55 : T T “‘6.28
Iodine number o 2/;.0 o il S L
Owgen Test ‘s 1 v° in 180 mn. o 2. 350717 180 Min. .

Initially the superheafed sheem cyllnder oil raceived a spec:la]. after- A
trea'unent eccording to  directions by Dr. Goethel; later it beceme’ imp6ssible -
to continne this in the interest of proguction. . Both ‘0ils ‘have: therefnre been
" used and they: have, shosm ‘edsentizl différence in their perfomaneas. o o
‘ The. oils have proved themselves: very ‘well at normal:steem’ temperstures of about g
350 to 3750, " The lubriceting film coulad. everywhere be celled.sufficient; no ;
tometion of deposits’could.be: observed. . Whén- the' temperanture of . the steam
'waé high, however, in particular when it was above'400°, “lubrication .- y
o v wes unsetiasfectory. At these temperotures tha piston rods ran rather dry i




go that parts very eesily beccme overhented and the.oil film ‘disappeared
.completely. Under these ciicwastances the piston rod appeared covered with
fine dark grey powder-dust. ' Wheén parts bocome overheated one has to desl with
much higher tempercturcs, of eourse, - No-troubles were observed in the steem:. .
cylinder itself at these high stesn-toaperatures; the oiston rings still vorked.
gmoothly. Much less pollation and deposition weas found in comparison with. the; -
winerrl oils es fer. C - C

‘The compresscr cil waz quite syccessfully wsed in the nitrogen, coke ges
end mixture compressors, Lubricetion”was smooth, no troubles occurred.

. .0n & suggestion of Dr. S. Tramm and Goethel mixturs of K3 oil with.,
Koff's high pressure - air - compressor 0il { mixture retio 1:1l) was used for .
air compressors. This has however given rise to some difficulties. - Deposits
("0il carbon" and .coke) were found in: the second-stage cooler. From: this
_ one may infer thot-at higher temperatures (estimated to be above aoo°} the oil
" hes formed deposits which have eventuelly led to the complete blocking of
the cooler. These very hard deposits could only be removed from the various
-cooleér tubes by drilling them with £ <drilling, m-chine. A cnoler of this
type mey contain 125 tubes of an interasl ‘dismeter 15 mm-ond & length of
3500 mm, Similer deposits he_Vevt,x'l‘so .been observed after the third stege.
Under. the high pressures of from 30-50 atm. and in the probable presence of . -
easily igniteble "oil cerbon," even 0il explosions have several tiites taken place’ -
gt this print, .Thexewsrs irréfutsble evidence of combustpon in the spaces of the,
pressure velves of the third stage snd in oll separators comnected in series. )
The temperatures rige.so hivh in perds that -the connecting . tubes ars.brouzht o
- & ‘red heats’ - The-tinof—the-snldered tubes-ias of ‘course-melted_end considerable

lesks were coused in this way. : The. extent of the demage is unprecedenyede . ..
, ‘I ‘assume -that under the influence of compressed oxygen. the decomposition of B
the oil starts =t temperstures.-ed loy as 1900; this viould explzin the continuel
- disturbances in. the eir s;perators by & shift-of-the bottom of the rectification
" eolumns. - No adisturbsnces hove sn. far ¢-ue to my notice,- however, .ot temperatures
below: 1900 it ot e e e e L - IS L
D As not sufficient high pressure-:ir-comprassor oil-of the old-grality, is’
aveilable st the prescat time wé are forced to chntinue to employ: the mixed il

f£or some -time to ccme. | Atfention ig. ~f-course paid to' keéping the compression

temperetures as low as possible, L T R ) :

. "Machine.oil ‘wes only used in admi xture with other oils viz. es circulating

oil in the drive lubricetion of £ll’ eampressors and stecm engines. - Only ‘& smell
| percentage wes ussd es an admixture. . Nothing cen therefs.o be seid ebout the
b_ehjavi{)urfo'f .the oil,  the sgeing in particuler. S a0 :

Refrigeratbr oil . hes nc'ﬂ; 80 ‘fa,i".be.aen supplied by the RB.

hj
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Communi e tion Prof.  Martin to Dr. Hopemenn, D, Dr:Tremm ,.. <
Re:-- Application of Ruhrbenzin lubriceting oils in our vorks

116,12, 40,

. ¥n view of the relatively fevourcble report by Herr Scuayen of
"’-""_"j‘r“‘“*‘29?117‘40"Z‘xi“'th’é‘b"ehevfnur“of’nur'lubri coting oils one should really
: ;continue their use whereever no objections exist to the present method.
lioreoever one should run o number of charges in our lubricoting oil
plent with'eddition to synthetic oils of those inhibitors which have
particularly. proved themselves eccording to the communi cation from
Cler end Tremm, According to the reports of these gentlemen it is8
possible. to produce particularly steble oils without sy after trentnent
.if one 2dds certein inhibitors.. Suth oils vould therefore bel¥elh!suited
for use.in our air.dompressors in cherge of Herr Schayen. .:'No other :
_cherc—.@aisﬂcs of the oilg zre -uppnsed to be affected by the addition
“.‘of on inhibitor. - Thus thé process. ~f lubrictting oil menufacture is’
to be cerricd out in the seme way g before with the sole difference that =
certein inhibitors rré added during the synthesis. 'L.ghould be grateful
to you i¥f. the necsssory setps were teken for .the production of lerger
" quentities -of inhibited oil and for its mpplication, - :

5 5

g
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The engine’ teﬂt is better ccpable of rating en-oils than are the
laboratory methods. ! :

The followin(, fac tors are or 1mportance

"a ) Wear
b) Consumption of oil
¢). Ageing of .oil
d) Tendency to cause piston. nng sticking
e} Consumption of fuel
£} Durability of beerings
) Behaviour at low tenporstures.

Points 'g), - d) were rated separf.tely.  For motor, cars &) end b) .are
important, for aero-engines d). : o :

: T An engine experiment tekes. 30 hours at prebent, including the ruhning~ B
o .m times The “temperatures of the oil well were soried £s:well as the
tanperature of the cooling waters ; , RN

. The rollowing engines were used

,l) 1, 5 litres Opel 17.6 H. P, 2200 TeDole
~“2)"1,5 1itres Opel 27 H.P. 2700 TeDeRe . "o
) 1.7 14 tres mercedes ‘2, 136 27 H.P. 2')00 r.p.m.

i Do a)_ Wear ‘ D
Important places ere the, cylinder walls,the piatrm. pi aton rings, the
erenk -shaft pinion and the bez.ring. The quantity measured is the decrease.
in the weight of the piston ring or v the increase in the diemeter of the.
cylinder.- I+ becomes clear that the piston.rings beer the main responsibility
for the wear of the cylinder. 2. Under the chosen conditions the wear wes '
‘greatest not at the tops .dead ccntre but at the points. vhere the piston ring
valocity was pc.rticularly “highe o } : . ‘

Tfhe’ a‘ah-content is taken as a third expermental quantity measurlng the .
,wear. " The compenson does however assume equal ‘initial qunntities of oil

L

1. constmction of the enstne‘ S ’
2. - Runnin@ pley. between sliding: surfabes
3 vMetallurgical properties of thé surfaces
Condi tion of the-engine. ~ :
Temperature of cooling
Tan)ereture of oll sump.;’ e T LT
Consumption of- oi]. in ag f&r epends; ; ifcal. fectors.




8. Fuel
9., Speed end load
10. Neture of the _suction air

_Particular nttention was peid to 1;5,6 &nd 7.

- To 4) Condition of the saging

Acnew engine gives the grectest aount of wear when it is being run .
in because ot tuat stage non-uniformitlies in-the sliding surfaces due to
.the machining sre being worn dnwn. Lfterwerds the wear is much less end is
a linear function of the time. In most experiments therefore, the wear
in-the running-in st;@;a is considersbly higher then it is during the main’ .
run.  There were 3 exceptions in the course of 13 runs. T ”

. To 5)e 'I‘exnpe'rnturevoi“ the codignguater

According to the experiments! the most’ favourable tempersture for the
cooling water should be between 60 and 70°. © The weer ot temperatures’
below 700 .vgs greater then at 7005 this is due to the formetion of &

condensate 6n the wélls of the cylinder. At higher temperstures. there
is an increese'in the wear, the emtent of the increase depending on the
type of oil. ~ The ash content of the lubricating 01l rises steeply during
“the £irst two hours and-then. increcses much more slowly when the engine
has been wammed -throughout { gpewback of cold starting). o

< To 6) - Temperature.of 0il swmp

. An increase in the tempereture of theA 0il sump hes & more detrimenteal
“effoct then en increase in’the tenp. of tho cnoling wztere. ‘ v :

To8) Fuel o T

T e the mixture is ton rich & fuel-condensute is formed on’the cylinder

- wells which has the effect of washing off or &iluting the oil film,

~ fwh.é;:L’Wearv is high as & result' »f & rich mixture the ash content does .
_ not',»;as is usual, rise v;ith the wear of the piston ring end cylinder,

To 7)° 0il. Consunption —

o . When the consumption of cil-rises.there is en sbrnmaeal ‘increese in wear
{f the rise in the consumption hus been caused by en incrensed supply of .oil- .
to ‘the sliding surfaces of the cylinder,  The dependence of wear on con-

. 'sumption of oil-'varies quant_itative_ly'?t‘or the various ‘types of oil:end - .-

' their decomposition products. . The basis of the relation ‘between Wear and

" 0il consumption has not yet been elucidated, the main problen’being whether

"it is consequence of chenical corrosion or of mechenicel- influences. '

2P0 b) 01l Co‘nsmﬁgtion : : ]
.. - Apert from the visccsity of .the oil the dseisive factor is given by the - '
‘. state of ‘the engine. ' Neglecting losses. due to.leakage -the consumpiion
deépends on how much'oil is burnt:-in the combustion chember and how much escapes
T 7 ‘unchenged though' the exheust. VWhen the viscosity of the oil coming £rom o e
/" the bearings is low, the smo'mt of oil syhtbtddaway rises.. ‘When the ..l o




1,

fit of the bearing is very nccumte the loss of oil is, surprisingly,

lower then it 18 when there is more running pley. When the ploy in the
bearing is galtered from 0.02 to 0.04mm the consumption risg.to a multiple
‘of 1ts value. The consumption falls,with oil pressure snd thereby the )

wall of the cylinder.

To c) Ageing of the oil

The total chans,a in the.oil, here cmllpd ageing, ip measured in tems‘ -
Denst ty 200 Lo o '
Viacosity s0°
Neutralisatién humber

‘saponification numb er

Ash"v

Naphtha end benzine in solubles, and hard esphalt.

Conrado:f test
lodlne numbor

It is st:.ll not known which of these quant:.ties is signiflcamt for the:
use in the engine. No drawback due to thickening could be observed. The -
stendency to piston ring sticking similarly did not seem to be increased

_at_greater viscositien. I+t appears doubtful thether the wesr is increased
by; an ‘aged oil. The .connections between . the hard asphgft or Conradson
.. tést and the ring ‘sticking have not been elucideted. - When  the Conradson
" tost was low the tendency to ring sticking has not always fellen..: The
ageing of oils is assisted by newly machined cylinder walls, by the oil
consumptlon and similarly by high oil tenperatures. .

= - - e —

Summag:

-The expenments have shown that the behaV1our of an oil in the engine is
a function of numerous mechanical, thermel and other conditions. It is
. therefore absolutely essential ror ‘8 .velid rating to carry out several long
TETT quration tests in order to-avoid faulty conclusions.

Further expenments on-the parts pleyed by the I‘uel bhe temperatures of
the cooling water end- of the 0il, are to follow.
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ianorandye from De. Sillsub on the conference with Obering.’
Dr. Vogelpcul ead Herr Wattinger of the Tuchniscug
Hochschule, Berlin, on 19,2,42. .

Ret 0il test apparatus

Dr. K.0. Mller has offered to pass on to the HB tho Thoma-oil test
. .apparatus belonging to the HWA end at ‘présent at the disposal -of Dr.
- Vogelpohl, for the purpose of developing synthetic gear gils et the
.. ‘Ruhrbenzin. The conference with Dr.  Vogelpohl was arranged- for-the ———-r -
purpose of hearing about his experience with the epparstus. . Vogelpohl :
tekes the view that none of the.oil test apparatﬁs' in.use at present.
pemmitted conclusions to be drewn ‘as to the behaviour of oils under .
practicel conditions. The Thome apparatus is no exception to this general
rule. - Furtheriore Dr. Vogelpoll reports that the epparatus is very.
-.-gensitive as regards manipulation end ‘that-it -shows constructional defects -
which lead to frequent demage. ~ He believes that one year of. thorough
preliminery investigation is required before valid end reproducible results
con be obtained with a test epperatus. = Vogelpohl hes now nceupied, himself
“with the apparatus for one year aend he intends now to start & series of
experiments with different oils.. At the present time it would therefore
bs inconvenient to him if the apparetus were tc be passed on the REB. 'On
the other-hanmd he would like to cerry out. tests:for the KB; in generel he is
“yery interested in having.a:connection with practicel gpplication in this
WEY o Schaub points out &s. n matter of experience that in the development
of materials it is essential thet the  various experimentel products are
tested at one and ithe same pltce and that developient work may be much held
"-back 1f tests have to be made-outside. o TR

From'a view of the epparatus I gained .the impression thut 4t will only
~ " be suitable for our purpose under certain conditiona. Teking full-.flow
_measureilents 8s we ueve planned it, ih emy cese seema Adrtficult with the.
' present.constructiod. ~ 1f other cil-test mechines of the test station
could be madp availsble to us and we thus had the possibility of comparing -
the results of the various machines we should of coursec be interested in .
.. " naving the machine in quéstion. It Wrsisettled that Scheubd shouldonee . .~ 7
" more communicate with Dr. K.O. ifliler end that a final decision. would subsequently
.be teken as to-whether ox not the mechine should be placed -at the disposel ‘of:
the Bulirbenzin. R SRR T BT Lo
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F;om the report on the lubri cetion cuné€Brence Dec. 41, 1st pa’rt.‘_

- Friction ang Weayp

Eolgez sxperimonss vl the vear-boll rierite, noge 169,

farn

, The Tonr-ball machine is noed bo test extroune pr lubricants,
The opinions ss to its velue however, diffei very Widely since the test
is carried out at extremely high pressures &nd since the results exhibit
a'fairly wide varietion.. The H.W.A. hag recently - incorporated the -
-_four-bell-machine test into its delivery specificatiodsfor gesr: lubricants.
The present peper reports .on the constructional ‘experiments cerried out by the
I.G. . The four bells of this machine have dismeters of 5" and are arranged
50 that their centres fomm a ‘tetrahedron. The lower bells ere set in a
. bell holder which is shaped like & cup and which serves to hold the 6il.

- "The upper bell is connected &t its lower end to a vertical sheft which is

turned by ‘an electro-motor ovér. a.belt drive. The ball holder is wound
.with heating wire so that the test can be cerried out at various temperatures,
The holder is also movable in ell directions so that i t-.can-alweys-be :

T Tadjusted $0 correspond to the position of the fourth ball. For the +

measurement of -the turning moment transferred to the three lower balls the
. bell holder is supporteqd against an indicator which registors the force
transmitted at any instant, - - o .

The experiment can bé cerried out in tie ¢ifferent woys.  Tither one
works with & constant lo2d and measures the time Lafors seifing occurs o |
one vworks with e laad Tising fiom zers and determines that lrad for wnich
seizing occurs. Tais sciZing cauces. a sudden stronz datlsction on the
indicatar. One can either work at Aifferent loacs or olss ab different
temperatures. . o s
Tds A wide veriation in the results, The second

The firat meihod g
e huicen by the L.G. in order-to find out whether this

.course wes therefor

~ “would yield bebter walusc. The machine was there ostarted while ‘the balls

carried no load. a4 the instant &t which the.motor i switched on a

water pipe is cpeasd thivught which is a cgess of exactly 0.15 1itres/sec,
The weter flows tnto. a containcr which serves aus the léad. The time .
between starting up thec motor and seizing is measured. Vo marxed improvement

_of the scatter of the variational renge ‘could be’ obtained with the methods

_From.'the coefficients of friction that have been detemined it folloﬁs

that what is uieasqrgdﬁ}rs; a stote Af;ﬁp:cﬁlledlpa&tial_lubrw&tiﬁn.
8 L = :

If the test is carried out for five oils of different viscosities st
different temperetures one observes that in.all cases -seizure occurs earlier
at higher temperatures. The more viscous the sémple of oil. the better was

-in geéneral its behaviour i.e, Very viscous oils show the best results., The -

machine gives particularly wide veriations in ‘the results for certein ranges of

" RP.M, 2000 revs/min Proved. to be better than 1500 or 800 revs/min,

" THe. report stetes thet in some cases one did not work with running
weter but vith e constant welght. . Rotring was preferred as 4 test oil,

' HMost of the:fatty oils gave very .wide variations; . this contrestswith the oils
which had extreme p une_agq;—i;i—ve‘s—mg}de—to—th-eq. The minersl .oils varied
emongst themselves. - Among other the Tollowing were tested. . Wehrmachtseduhal t-

.- i-011 Velvoline, .2 Hypoid-gear oil with' extreme pressure additives, .also

udd‘i‘tives‘ such as C Cl4 =nd-a sulphur compound. . The quentities ampunt to -
. . 1
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AGEING OF LUBRICATING 0ILS

& of lubricating oils

The ageing woch occura wedl cils ere urod meiifeats’itself in an
‘increase in viscosity. This is partly due to the evaporation of low
boiling constituents and partly to the formation of resinous, soluble
ageing products. In besiring lubric:tion and particelarly in circulation
‘lubrication eny excessive iincrease of the viscosi ty may thave en adverse
effect on the lubricetion.” The oil'line may even be blocked if *-
particulerly viscous agcing products are fomed. The viscosity of oils
in ‘combustion engines is reduced if eny’ fuel is ‘takeh up; this may unéer
certein conditions lead to a vreak down. It is therefore absolutely
necessary to check poriodicelly the viscosity of an oil in 'use.

. ¥

Ageing tendency

If, ovef & long period of operation, an oil is ‘exposed to the eir,
to intense heat and to contact with metals, the properties of the oil
undergo & graduasl, more or less.extenslVe change i.e. the oil ages.
This ageing manifests itself as e chenge in ths chemical structure of
the o0il, ageing products being Tomed which are mainly mede up of free
and’ combined teids {eharacterized by ecid end seponification number)
end of ‘resinous ond aspheltic compounds. In the i stege of ageing
these compounds are still dissolved im the oil. 43 their concentration .
incresses, however, &y Mey come down in ‘the fome of sludge or hard asphalt.
This process is accelerated by Toreign matter which appears during the runm,
viz, ‘dust, worn off particles of “the beering metal, fabric fibres snd .
water. One ol th consequences of this ageing is en increase in the

- Viscosity; to e cert tent, perticulerly in +he case of bearing o
lubriceztion suct: an inc 50 may be tolerated. ' If, however, the viscosity ..
increases to. beyond the.limit sct dovn in. the specifications.one has to -
replace the sged oil and return it for reeevery. .

-, 0ils which ure used in the lubricesion of geso‘ ine (car’bu;jettor) and
Diesel engines age just like all lubricating oils. The ageing is however
further accelerated by absorption from the cylinders of unburnt fuel. - .
This causes & diminution of the voscosity #nd décreases the lubriceting o
capacity. It is therefore neceassary to replece oils regularly after & cortain §
running time, 2000 to 3000 km for moto rs. If longer continuous runs
with Motor-cars are undertaken,” particulsrly on "Autobohnen® one has to
—avold-overhes ting—the ot bucayseageing s ecvelerated by thts, as g ————
- alreedy been mentioned. The meximum permissidble temperature of the oil
in the c¢rank-cese hies been found by exporiencé to be sbout 90°C. .~

Oi1s which arc intended to have-s long 1life,: especielly insuleting
oils for frensfomers snd switches as well s sterm turbine oils should
in the intcrest of operational safety, be tested with respect to their®
ageing tendency when they arrive from the manufectures and they should
then be graded accordingly.’ For this purpose v number of test methods.
are aveilable.which in e short pefiod of time artificitlly imitete the

- In' these methods one metsures
_the increase in th ) -seponifiecation number es well as
the fometion of sludge, resin &cids, herd asphelt and "oll-cgrbon"; |
according to these.date the 6il is graded. ' ‘Some test methods introduce
into the protess all the metals with which the oil comes into contect




during operation whereas other methods, take no accoun’ ot this factor. ' i , iy AR L e T g
The former category to which belongs Baader's agoing test, are to be ; ' i ;
preferred to the Latter crtegory 1o which hclongs the determination’

of ‘the "Tarring Numer. ™' '
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Afteér-treatment of aviation oils for technical
experiments produced in the emoguomu. . B.L.

m.amaﬁum Bm.nmwr.mw. an :b.«u.mm.wmg nmmwmnm“_. SH _.oom.
. Y -
B PN . _ o
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Treattsnt

After-treatment of laviation oils for
_ technicel experiments produced in tho
technical App. B.L. (larger iguantit) ¢sjh
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SPECIFICATION FOR FUEL GASES

T APPENDIX. . . -

-

1), Compositions : . ) o

Fuel gas is a mixture of C4, 03 end 02 hydrocarbons, the lower
"oalorific power -of whioh should be 11000 k,cal + 3%, . It may oontein up to -
65% by weight of C4 hydrooarbons, - From April 18% to Augus'b 3lst it may :
" contain up to '757 by wo:lght of 04.

2) Vepour Pressure:

During the w'in'ber,v viz, from September 1lst to March 3lst, tho
vapour pressure of the fuel ges should still be et least 1,5 atmospheres at
=15°C,. During the summer o vepour pressure of 0,7 ntmosphers at 0°C is.

) sufficient

’

: The f:.lling plant is responslble for the preasuro.. of the bot'bles
.~ whioh.they i‘ill being never at uny timo- of the year abovo 16,7 ntmospherae
- ot 409, . .

5) Conditions of Purity.

. -The fuel gas should contain 97% hydrocarbon at least, the reminder
. being inert guses, HpS content less than 0,2 mg/m3 gas.c:mtent of orgunionlly .
' .combined- sulphur less thon 250 mg/m go8,

Elemon'bary sulphur ‘must not' ‘be present (mercury teat). There must
be no trace of enrbon oxysulfide . when tosting with on alooholic solution of-
lead, Mercnpbuns ‘must not be found ei‘cher, {Dockor Test), nor. must uny
ummonin. be - present .

Wo.ter content No ice or hydrocarbon hydrote should separo.te . )

'a.bove -30°C | There- must be no oil,

‘ Resin and resin i‘orming substunces can only 'bo tolemted in as much
" ns they do not lead to breu.k downs when driving. "

t

e ‘On Puture new oontrols will bo built in nocordance ‘with the
speciflcutions given eBove, : 01d oontrols will be chnnged 0 meet the require=-
ments, As regurds these ch'nges + 1d the' specinl mensures necessary to over.

. ecome any further diffioulties which might occur during the winter months,.
‘speoial o.rmngemonts will be. made by the Zentrel Buro and the- mnufo.oturers. 3
: ) Works which at progent can deliver 011 containing fuel gas only,
nFe o llowed some time for -this change, viz, up to January 1st, .1940,. But
* ‘tHey should endeavour to decrense the oil content i...medintely as far ns possi'ble
by using other lu'brioo.nts.
el

B Ky

B 1
I,*QUALITY
~ .~ The fuol gas association of tho "Ruhrworks" entrusted with the
-distribution and sdle of the ocompressed and liquefied fuel gas' products of
its members, hos loid down the Ffollowing speo1f1cntiona ‘and: oonditions for. ..
the quul:lty oi‘ motor methune, Ruhr gns oil ("Ruhrguaol") and "B V " fuel gn.s';' :

‘5.‘:‘ oy
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I, MOTOR METHANE

1) Calorific Veluo

. The lower calorific volue of motor ‘mothane mﬁs‘b be 10900 K.oal/kg
Limits of error of + 3% aro permittod,

2) Bottlo pressuro

. Unleas othor instructions are issuod by the cuthorities the filling
pressures of the bottles chould nob cxooed 184 kg/cm2 at + 16°C or 226 rg/om?
ot 40° respectively, B :

3) Contaminants

‘ ' _There must be no 0il or wnter in the bottles 00‘2' content must not
excoed 1 vol,% 'Sulphur content (totnl sulphur) must not exoced 0,4%,

_ Corroding substances must be absent,
.. 1T "Ruhrgasol"

1) Galorific Valuo
The lowor calorific value of "Ruhrgasol" mist be 11000 k,onl/fkg. .

Limits of error of + 3% aro pormitted,

2) Boiling poin, _ -

. Tho boiling point - ns detormined by the "B, V" apparatus =
should. show not more then 107 by weight of ingredients boiling cbove 20%
35°C, rnd none boiling ebove 35°C, : )

"3). Bottle Prefisure , '

.. The "prossur,e'of‘th'o YRuhrgasol" at ~20°C shauld not be less than

0,5 ntmospheres (exdoss prossure); . At 440°C o moximum pressure
of 30 atmosphercs should not be exceoded, . . L A

s

4) }lécémpnnying substances
: ) _Thére ‘should.bs 1o v;nfér‘s.epﬁrbutirobn from the "Rubrgasol" ot
220°C ‘in the bottles, The inert contont of "Ruhrgasol" should nof oexcoed.

2% in welght, The total sulphur comtent should not be higher then 0,4% . in
-~ welght, G_orrodmg'sub’stunces should .be obsent, , . - .

5) Gum and 01l Contents

.. The gum content should not. exceed 2mg/100. g gasol, - The: exnoct
. reain oontent of-tho “Ruhrgasol" is dotermined by the value_found according.
- 4o the "B,V" method, Tho lubricating oil content,*if any, should not exoeed
30 mg./100 g gas, ) o o Bt L

6) Gum' forming "ontalysts

.. .. Oxygen from the oir and avnildble combined axygen- (6.8 peroxides).
-mist not be present in the "Ruhrgasol" oither in the gos compartment of the
bottles or in the stornge contoiner respectively, No nitric oxides<not even. ~

. ‘traces of them - ‘should be evidont either in the. "Ruhrgasol" itself or in: the
: projeqting.ges'oompor’cm,ent;“‘“- T : . o PR
. v Rt i

\ 7) Inhibitor: = - T T

Al A

A1l -'fu_osl gases ‘which oontain or might contain gum forming ctx'tnlgjsts N
must be supplied with.a suitoblo gum ;nhibiﬁor. = — - T
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: ’IiI B, V" Fucl Gases

Physicnl Properi:ios

"1) Lovor oulorifio luo: . 11000 oalorios
: Tolerunoe & 3%

z)' “Tobal doasidy {wir = 1) L7:- 1.0 AR

This densi‘:y nuet corresponl 6 o conpos::.t'u.on of 35-50% in weigh'b of C3=
) hydrooarbon and 65=50% in we:.ght C4m hydroourbon,

» 3) Bottle Pressura~ » P o

a) Tamperntures below 09C: At a 't:empem’cure of" -15°C the pressure

of "B, V! fuel gas must under any circumstances be not less than 0,5 atmospheres L

(a'bsolute or eXcess pressure)

(¥nnusoript Mgrgigml Noto:, Winter above 1 5@ 15°
' . Summer - O7@0° )

+-b) Tampomtures above O°C At the moximum working tomporature of
- 440°C e maximum preséure of 16,7 o.tmospharas (u'bsoluteor 8xcess pressure) must
" not be exceeded

CHEI’IIC AL PROPERTIES

1) Boilms Po:.n'L The boiling poznt is determined 'by the "B o ﬁppnrntus.

- Co mEosition < B550% in woight of C3-hydrocar‘bona
: g 6::-50/ in weight of Lg=hydrocarbams:
"B A i‘uel go.s must not 1enve any’ parhs boiling ‘ot above 20°C when distilling
_-in the "B,V" apporatus,” The top Timit of the “inert oontent is" 3% in weight

2) Water contont "B,V " fuel gas musﬁ not contain any wuter.

i} -

- 3) Gcnditions of purl‘by. ‘
il : a) Sulphur‘ +The "B, V" gas fuel mus'b not con‘bain ony hydrogen :
sulphide, elementa ry sulphur or mercaptans, Ab- prosent a smnll content
of elemenbnry sulphur .of not more than 0 1 mg, /1oog i‘uel gns is permit'bed
SO0 Y hwhondn or other cox'roding nn.‘brogen compounds must noi:, be
R ) preson'b o K et :

B : L 1. -y S : s ' . K

4) Gmn "B V" i‘ual gas must be frea from gum or gum foming substanoes.

vs) 011 Ccntent less 'bhan 10 mg/lobg "B,y fuel gas’ IR i
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. Nemorandum
--Da/B1

Té6: Dr. Grimme,

Re: Andlytical methods, o )
Comparative investigations at the B.V.

C ot

S On tHe 28,1.41 a conference was held with Dr. Hammerich on

©. analytical methods and his. work on the arithmetico~analytical
determination -of the Research-octane number of gasolines from the
Fischer-synthesia, On the occasion of this conference investigations
were carried out at the fuel laboratory there in collaboration with
lir. 'Vorreiter. Some samples had been taken-there which had alread 28
been analysed by the sampling station of the B.V. for the Zentralbﬁfo.

1.) Vapour Prossuro.

Anal«No, - Sample.datod Rheinpreussén anélysis ‘B.V,analysis . L
T ’ 1. ; ‘2, .1 2.{together)

37 .~ 25.11.40 . 0463 0,64 3 0,72

1 B. 1.4l ' 0.62 0.64 - 0,72 %)
39 14.12.40 " 0.68 0.66 0.74
35 - 29.10.40 !  0.64 < 0.6§. 0.75

' x)’Joint analyses in the Rheinpreussénvkppargtus: 0.725.

Tho joint analyses-were performed in the standard B,V, manner. The :
pressure chamber 1is heated directly by the flame up to 45°, with 77
manometer fitted. = The manometor.and gasoline chambor &re scrowed on
after the chamber has cooled”“down to 40°C, TIn this case there is no
“correction, We, however, screwed the apparatus together at normal
room temperaturc and then.corrected the observed valuos using
~.corproction tableos. -Earlior-oxporiment had shown that starting at room
tomporature and then using tho correction tablos givos no appreciablo
deviation from the uncorrectoed valucs.obtainod bX,prohoating tho ‘
prassurc_ chambor with screwod-on mancmetor to 40° in a drying cabinet, -
The small doviations might be due to tho apparatus, which had beon .
warngd - t0- 409, c¢ooling dovn by 1 or 2.dogroos in being taken out of -
the drying cabinet and having the gasolino- chamber screwed on.

In the working mothod of the B.V4 the deviations are'much :
-+ larger. - This'may partly be due to the method of "heating, but is mainly
due to-the fact that the manomotér with its volume of air is not also
heated. = Comparative experiments in this direction have beoen agroed:
upon by the two stations, That ‘the working methed of the B.V, is very.
unreliable is evident from the fact that -the deviations in the 1lst- .
and 2nd joint oxperiments are.appreclably larger than the deviations

observed in our ananlyses.

‘é.)“'CIOud’péint.‘

‘The éccuféqy of this.investigation has no direct importance.




‘"1t”shou1d'bé'realised'that“the"cioud”point can~only’ givs an indication ™ -

‘88 to whothor filtration 1s possible, Tvo oxplanations are suggosted
of the variations, sometimes quite considerable, which occur in the
analyses at the two stationss A. At rhe B,V. the stirring i3 omitted
during cooling in the detorminationﬁ he pour point finally carried
out on the same sample., B. Cooling down only until there is an obvious:

clouding.

; oa: el
- tho 8olution to avoid orrors arising from non-uniform cooling. Wo did
not use the samo sample for tho determination of the pour point,
Thore is.no doubt, and Dr. Hommerich admits it, that our method of
‘analysis is the moro accurate one. Even in connoction with our works,
"4t 1is bost to keop to this strict moethod of analysis and judge the -
-+results intornally in ‘tho appropriato manner, - .

Anal.No, ‘ Rholinprousson, B.2We . Joint mothod -with

B.V,.

~13.5 ‘ R 19 ©¢
=30,5 ; T «21,5
-25 ,' ' -22

~20 U . L -21. 5
-19,5 . - =25,5

o . / B .

" We could not discover why tho cloud point of the sample D 1061
was so much lower than was indicated in tho first-analysis of the two
stations,  In any cagseg thoro wes no deposit at the bottom in the sample.

Ss Pour point.-

Anal,. No. - Rhoinproussen - B.V, ' Joint method with

B._V.

- 26 o eBY - 26
- 27 Lo aer - 30
-25 - o .28 S
c = R6 30 - = 2848
- 28,5 - - 33 ‘ - 31

In genoral tho results of the jo;nt analysis agroed more closoly
with those proviously obtainod. The B.V, method is fundamontally the -
Samo as ours and tho slow cooling has not been adhered to any more than:
1s usually the caso. This may well account- for-the excessive variation-
I havo therofore pointed out that the pour point of Diosel fusls should"
be measured with stirring; in judging the values one would thon have
to consider that thoy deviato from practical conditions by 3 to 49,
Thiglpging of view has- bocn advancod in tho lettor to Dr. Hammerich
of 41,

'

ot

4.- Noutralization value..

- The twd.-anolyses of B.V. samplos for the Z,B. show quite :
considorable “differonces almost throughout. Thus we foufid 0,01 for the’,

‘sample D':1140 and the B.V, found 0,05. The joint analysis according ..

to tho working mothod of\tho B V. gave O 03. It is truo that the .




.Qilqta,With‘benzene-alcohoihand_ﬁhen.titratelwith~alkali-b1ue~~~~w»~»ﬁ

as indicator, whereas we dilute with neutral gasoline and titrate
using phenolphthalein. The main cause of the differences, no doubt,
is. the fact that in the B.V. a micro-burette is not used. In our
Diesol-fuels the ‘neutralization values aro 80 low that this must have
an offeét such ds was found above. It does not make much difference
on, tho other hand, whother ono gets 0,01 or 0.05, when the values arc
S0 low anyway., But the use of a micro-buretto seoms always advisablo

-

oven when 't wmbers.-aro-tighe:

. Se.. Iodiné numbér. B

Coe Dr. Hammorich had experimontal results asnd dotailed calculations
on Rosenmund .and Kuhnhenn's method showing Shat it gives absolute " -
values and thorofore a direct ostimato of tho content of olefines . .
can bo made,' All othor known mothods are supposad to-give only .
rolativo valuos. Kaufmann's method, which we have boen using, has not
boen inecluded in the comparative oxperiments, I pointed out “that. the
comparativo oxperimonts which wo have carrled out give a fairly good
agroomont with "Kaufmann" and "Roésonmund! and "Kuhnhonn", * The -4odino.
numbers of the two invostigations on the basic:gasolines carried out,
by the B.V., in 'our institution mostly agree very woll,. Now.anl then
thore have beon doviations of up to 10 points, ... : ]

. . ~Rosenmund and Kuhnhonn's mothod obviously has the advantage
that it can be carriocd out conslderably fastor. . Moroovor, as in
- Kaufmann's method, bromine is usod for the titration thus saving
~lodine.. ' The valuo 1s then converted to iodine,

) In o paper as yet unpublishod, .on the analytico-arithmétical
dotermination of tho Rosearch-oetanc number -of gasolines from the
Flschor -synthesis; Dr, Hammorich' shows that tho lodine number deter-
minod by Rosénmund and Kuhnhenn's method shows hardly any deviations

. from theory, indicating that the undosirable'substitution-reactions‘

- do-not oceur and therefore s definite ond point is always attained.
Ho also shows that the olefine values as determined with Pentoxidea.
sulphuric acld,are always too high whon the iodine valuo is. low.

I8

 8e__Distillation of carburettor fuols,
. . y

. Until recently the B.V. used _the A.S,T.M. method in ‘its une
modified form, ' This standard was abandoned only after the Z.B, has
issuéd 'its directions for.a corrocted. thermonister to be used. This
18 probably-the reason for the improved agreoment recently obtainod
botweon tho two differcnt distillation determinations, - .

7. . Distillation’ of Diesel Pfuols,

" - The B.V, strictly follows the directions of the Z.Bs, l.0.
“publication 2 of Din DVM 3672, .This stipulates distillation from an
Engler flask and use of tho.corresponding thermometer., Since the
-Englor flask is somewhatsmall for fuels of higher boliling points,
resulting in a dangor of overflow on starting to boil, we have so far
~usoed a 250 c.c, flask and a-much-longor condenser. tube than standard,
After the unfavourablo oxperienco of the Engler. flask it wad, suggosted .
that standard- speecificetion for Diosol fuels should bo ro-exsmined, N
"Wo also intond to ro-examine this bad stato of affairs in a sories of
‘oxporimants, : .

‘coéarithmotic do'érmination of the Reseérch-octane
= e

The Pelation which Dr. Hammerich found between,analytigg}';

A




constants _and_the Résearch-octare numbor i1s of course supposed to v
rapply only to gasoline -produced by the Fischer synthesis and specifically §
- only to-the primary products, : ) :

Tho 'method 1s bound to fail as soon as other than saturnted
gtraight, chain and unsaturated hydrocarbons are used. On the whole tho
oxporimontal ovidence agroes quite well with the octane numbor detor-
nined analytica and a ound _in-tho_ongine.—More—gasolines—fro

he Fischer synthosis were oxamined to test tho applicability of the -
mothod, aftor the work had beon concluded in the sSummor of 1940, For
somo months past howovor the analytically doterminod values wors
-docidedly and oonsistontly lower than tho octanc numbor found in the
ongine. Those deviations havo occurred with gasclinos from aXY-the -
synthotic works, Tho doviation was first confirmod by analysis-of
A.K, gansolines, which are undoubtodly primary gasolinos, Dr.Hammerich
boliovos that this is causod by a ohange in tho catalyst.” In any case
this paper does not attompt to roplaco the testing in tho englne, as
it 1s clear to Dr, Hammerich that this—is not Pp6ssiblo, But ho
bolioves that this method will mako it possiblo at least to recognisd
changes during tho synthosis or the offoct of cortain factors in the
“course of}tho synthosis, . ‘
R In connoction with tho rocontly occurring deviations I pointed
© out that the two determinations of tho octane numbor of Z.,B, samples -
.haVo also shown.a fundamental change for about % year., Until August
1940 tho B.V. valuos wero 2 -~ 3 octane numbors lower than our valuos,
From this timo onwards the B,V, valuos wore 2 - 3 oobtano numbers
higheP. This swing ovor nood. by no means be duo to an oxporimental
station such as the B.V.; aftor all a change may oven have ococurred
at our own station and thus contributed to produce this oeffect. All
the samo this phonomenon merits consideration and Dr., Hammerich
thought it expodient to instituto investigations to check whether the
deviations are not, oven to some oxtont, due to alterations in the
determination of octane numbers in the ongino, .
- In this conneetion I have placed a sample of gasoline baso
‘before August 1940, viz. GB 26 of April 1940, at Dr. Hammerich's
- disposal, A romarkable observation ‘is mad&’comparing the two octane
-numbors. At tho beginning of this year the two values have again
come nearor to each other, Only 5. ongine~tosts -have, however, beén:
made so far, . : ‘ : ‘ '

\

Troibstoffwork, 3.1.41. - ' Dr. Daunefolsor.

Memorandum -
Gr/Ba '
o 12,11,39 R
" Ret: Methods of'invostigaﬁion for carburettor-
. TUeis and BisseT F -

fuels and Diesel fucis. -

’ _,uThe following test-methods and minimum requiremsnts for fuels
- were agreod upon at the conference with Dr, Hammerich at the Benzol-
verband on 9,11,39, ' - ) ‘

e Carburettor fuels. o -

-~ Octane number by the "Research'method in the I,G. enhgine or the
: FRweng;ne.. . ST - . . .

1

Appsarance and colour.

Density a?/;? (¢} shoulqmbe be; 9{7}5 for finished ga39lin9.b )

‘b'_ 4 -




' w~qudino~nﬁmber'byﬂRosonmund‘and“Kuhnhennfs”mbthod.”‘Thé'réé&itm"“””WW”w
of tho comparisons with Kaufmann's method are beo awaited bofore
we docide on our mothod. . ) :

Roid vapour pressuro at 409, Tho maximumvpermissible V.P,
Tor'finisﬁoa gasolIng Is U,.78 in wintor and 0:65 in summer.
- Gum content, at 110°C in'a glass dish in a curront of air,
T siduo _shall. ot_oxcood-lO—mgr——Whonevcr—posstb
b whothor tho residuec consists of oil or ‘resins,

Oxidation Stabilit mst; at 70°C,  With addition of 10% alcohol
no docronoss should bo observed aftor 4 hours, o -
" ASTM 'Distillation. At 100° at loas é?% of the finishod gasolino
should have como over, and at loast 95% at 200°, ’ )

‘Load contont, oxprossed as cc Tol/litro.

Alcohol content, dotqpminéd-by“axtraction with ealecium chloride
solution, : . - o e

Wator content, in tho case of fuel containing alcohol,

“Béhzono content, by a mothod which has not yot boeon agrood'upon.

NoutfalLZation"valuo,
carBonic_acid.

Copper test. R&sults aro purélyrqualitafivo and a re only
intended %o distinguish betweon tarnishing and black colourations,

after‘refiuxing tho:sample'to romoVe’tho:

. Volatiiitz, by Dr. Hammorich's mothed. This should not oxdoed
- 227 In summor. C . o R b

R

Diespl fuels,

Flash Eointlin-thé Pensky-MartensQappératus-for differontiating
: o “dangor classes" 3 and'2.. .Diosel fuels of the dangor class 2
- should bo.markod with'a red label. - -

Aggéarahce for the control of the éontent of impurities such as
. Susponded mattor or wator. s ‘ ‘ SRR ;

Lower caiorific‘Value/kgfshouldrnot‘bo bolow 9700 cals,

thsitx at 15° for fiﬁiéhoa'Diesolafuols,should not be bolowﬁo.el.
Pour Qoint, still liquid dt'-10°C'iﬁf§ummér, corresponding to a

. pour point of -12°C‘dotermined by the previously used moethod;
'8t111 1iquid at'-18°C in wintor, ' R SR

Cloud point.. . ' ‘ S
Filterability by Hagomann/Hammerich's_p1c’>thod5 200 cc should tn'rn
at most 60 sees, in the new apparatus, at ~5°C in summer and :
- =139C ‘in winter. - AR T "

. v

) Noutraliéation‘#alue; acéérdihg‘to the directions for lubricatiﬁg i
0ils, ; ‘ - :

Zine teag: 24'héurs in the,bomh'at 50°¢ according to Hammerich!s
. &irections._Tho zine used should be rofined but not olectrolytic,
~The limiting value of the woight docreaso should not exceoed

o 4g 1 mgm, —

— 1




_Ash_oontont by DVH 3762 shovld not oxceod 0,057,
Coking tondonecy by Hogomann/Hammorich's mothod should not -
oxcooé»?%. Separation of hard asphalt and coke is not roquirod.

‘Sul phur cohtont, by combustion in tho lamp or bomb, not moro
than 1% by wt, ! -

“Cotano number in the H.V.A, onginqkdr cotana_numbor by Heinzo-

'Maraor's o thod , o
Viscosity at 200 in tho Vogol-Ossag to bo not leSs than 1,1°
Engqu and fiot moro.than 20 Engler, - v

Diatillafion by tho ASTM method with uncorrdcted thormomotopf

Anilino point ‘for caloulation of Diosol Tndox.

o The analytidal data obtainod wore communicated to the Zontral-
bliro Borlin and tho works tosts to the corrosponding manufacturors.
It has also boon agrood to sond a copy to the Bonzolvorband, Bochum.
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‘NMemorandum .
-Da/B1 ..

To: Dr. Grimme.

‘

..Re Analytical_methods.

-

o On the 28,1.41 a conference was held with Dr, Hammerich on
_Aanalytical methods and his work on the arithmetico-analytical
determination of the Ressarch-octane number of gasollnes from the ...
Fischer-synthesis, On the cocasion of this conference investigations
were. carried out at the fuel laboratory there in collaeboration with -
Mr. Vorreitor. Some samples had been taken thore which had alread
been analysed by the sampling station of the B.V, for,the«zéntralbgro.

1.)  Vapour Pressure,

AnélQﬁB. . Sample dated Rheinpreuéséﬁ anélyéis; B.V.analysis
S . . 1. . 2. 1 ~2.(together)

L

GB 37 ' 25,11.40 °  0.63 . 0.64 0,73

GB -39, 14.12,40 0.68 0,66 - 0.77
GB - 35 £9.10.40 0.64 . ..0.68 0.76

0 .
A 1 T3 14 - 0.62 0.64 - 0.77  O.72 X)
0 .
0

.7
.7

X) Joint analyses in the Rheinpreussen Apparatﬁs: 0.725.
) " . ‘ : . ; [ . : . ’ . - ‘/
" Tho joint analyses were performed in the standard B,.V. manner, - The
Pressure chamber ‘is heated directly by thé flame up to'45°, with

manometer fitted. The manometor.and gasoline. chambor. are scrowod.on

-after the chamber has cooled down to 209C, In this_case thoro. is no.

“eorrection, We, however, screWeq_ggg;gpéggatus,tngethep—at—nu¢mul
room.temperaturo -and—then corrected theo observed. values using | .

~.. corpoction tables, Earlier]oxporiment‘had,shown that starting at room
"bomporature and then using tho.correction tablos givos no appreciablo

- deviation from' the uncorrectod valucs obtainod bg prohoating tho ,

. prassurc chambor with screwod-on mancmetor to 40 in a drying cabinet,
‘The small doviations might be duo to tho apparatus; which had boen

warmed to 40°C, cooling:-down by 1 or 2 dogroos ‘in being taken out of

e, \

“the-drying cabinot and having the gascline chamber screwed on. -
. '}'In the working method of.thd‘B.V.‘the deviaéions'ére‘much‘ U
larger, 'This may partly be due to the method of heating,: but is'mainly
due-to the fact that the manomoter with its volume of air is not also .

~. hoated. -Comparative exporiments in this direction have been agrood
‘upon by the. two stations) That the working method of the B.V, is very
unreliable 1is ovident from the fact that the deviations in the lst
and 2nd joint oXperiments are-appreciably larger than the deviations
observed in our analyses.. . : e e : : i :

. o S N ‘

2,) Cloud point. Sy ) S .

o ‘.‘Thé;édghfdéynbthhis'invest%gatipﬁ'hé§ ﬁ§_dire§t importancé.:
T v T . . . ) L E ,,,\;-:' ) N N -

1

Gy
i
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Memorandum . : i .
Da/B1 e S

St !
To: Dr, Grimme.

Re:. .Analytical methods. S
Comparativg investigations at the B.V,.

s o A e B S . D e (a0 B S A0 0 B

On the 28,1.41 .a conference was held with.Dr. Hammerich on "
analytical methods and his work on the arithmetico-snalytical: .
determination of ‘the Research-octarie number of gasolines from the’
Fischer-synthesis,  On the occasion of this conference investigations
were carried out at the fuel laboratory there in collaboration with

Mr. Vorreiter. Some samples had been taken thero which had alread )
been analysed by the sampling station of the B.V. for the.Zentralbliro,
" 1.) Vapour Pressure.: . :
‘Anal.No. Sample datod Rheinpreussén analyéisv . B.V,analysis -~ ..
‘ . P .2, : 1 2,(togethor
. @B B 25.11,40 . © 0,63 - 0,64 - 0,73 © 0,72
S RS Be 1,41 - 0,62 0.64. . - 0.77 0,72 ¥)
" GB 39, 14,12,40: 0.88 ' . 0,66 0,77 0,74
GB 35 29,10.40 . 0.64 . 0,68 076, 0,75
2’_Joint analyses in the Rheinproeussen Apparatus: 0.725.

© pressure chamber 'i1s heated directly by the flame up to 459, with NN

The_j6int analyses‘wéréipeffdrméd in the standard B.V, mannér.  The‘
manometer fitted. 'The manometer:.and gasoline:chambor are Scrowed on .
after the chamber has cooled down.to:'409C,  Ih this case there is no

. eorréction. Wo, howevor, screwed the apparatus togother ‘at normal -

3  deviation from the uncorrectod valucs obtained bg_prohoating tho

on—tomporature—eand—theonr correoctodt] oS using i
corpoction tablos. ~Earlior oxperiment had showp that starting at room
tomperature. and thenfusingitho—cqrrection'tablos'givos;no:approciablo,

pressurs chamber’ with screwod-on. manometor to 40° in & drying cabinot, - |
The small .dovlations might be due to tho -apparatus, .which head. been L :

" warmed t0.40°C, cooling down by 1 or 2 dogreos. in being taken out.of B

the drying cabinotTand having tho gasoling chambor screwed on. : : ;

In the: woérking method of tho B.V. tho deﬁiéﬁidné‘éré mucﬁ> o S
. This.may partly be due to the method of heating, but is mainmly - |

larger, . ut is n
due to tho fact that tho manomoter with its volumo 'of air is not also

... heated..  Comparative ‘experiments in this direction have-beén: agreed.’ S

_obgerved -in. our analysosi’

‘upon-by:the two stations, That the working method of the B,V. is very | i
‘unreliable 1s evident from the faet that the deviations in 'the lst " b

and. 2nd joint oxperimen

t3 are appreciably; larger than the deviations

2.) Cloud point, . . T G B e T

. .The guveuracy of this investigation has no direct importance. . -

hl
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It should be realised that the cloud point can only give an_indication.. .
""as to whether filtration 1§ possible. Two oxplanations are suggested

of the variations, sometimes quite considerable, which occur. in the

analyses at the two stations: A. At fho B.V. the stirring is omitteq

during cooling in the' detorminationthe pour point finally carried

out onsthe same sample, Be. Cooling down only until there is an obvious

c}ouding. ‘ : : ‘ ' : B ;

P

_However, we took .the first 1ndicuﬁibnlof separation'énd’stirred

Lot 4——;——P—the—eo&ubion—to—avotd—orrﬁrs-ar1s1ng from non-uniform copling. We did

not use the same sample for the determination. of the pour point,

Thore is no doubt, and Dr, Hammerich admits 4t, that our method ‘of
analysis is the moro accuratc one. - Even in connoction with our works;
it is best to . keep to this strict mothod of analysis and’ judge the .
results intornally in tho appropriato manhor, L :

Anal,No, . ;Rhoinprousson BsVe 7 Joint mothod with
D 1061 ., =13.5 -8 =19 % « .

D 1035 . -30.5 - -23 -21.5

D 1098 23 .. . .20 <22

D. 1104 - .~ 20 ' ) 17 ; -21,5

D1140 T 1945 =19 ‘ . =2545 -

‘ We 'could not discover why the cloud point of the sample D 1061 .
was so much lower than was indicated in tho first analysis of the two
stations, 'In any ‘case thoro wes no.deposit at thé bottom in the Sample,

3 :four gpint;- : e oo B

.- Anal, No, . - Rhelinproussen ' . 'B,V. - . Joint method with
. o *, , ‘ s - V.
D 1035 y ; - 26 W 31 B e 26 S
"D 10861 - . . 27 - 27 <30
D 1098 . LT TTeTesT ‘ - 28 ST w2
D 1104 . : L =26 e e B0 - 25,5
4 D 2140 e e 2805 T e D :

 cohéidorab1e'differoncos alnost: throughout; Thus we  found 0.0l for thé‘ L

e :

S T A, : - ’ : . :
..In goneral tho rosults of the joint analysis agreoed more. closoly

with those proviously obtainod. “The B.V. method’ is- fundamontally the

Samo. a5 ours. and tho- slow cooling haa:not been adhersd toany more. than
. -is usually the caso, This may woll account-for the excessive. variation.
"+ E have therefore pointed out that the. pour :point .of Dicsel fuels-.should-

be measured with' stirring; in . judging the valuos’ one would thon have

to consider that thoy deviato from practical conditions by 3 . to.4°,

Thig point of viow hss boen'advancoed in tho.lettor to Dr. Hammerich

Of 31e1e4dy . T e T e Lo .

4, Noutralization value,

The twd analyses of B.V. samples. for the.Z.B. .show quite L

_-Sample D '1140'and the B.V. found 0405, The- joint analysis according
» to tho working method of tho-B.V.: £avo 0,03, It is true that the ~ S

—r




... BeVe dilute with benzene-aleohol and ‘then titrate with alkali-blue

~~--88-indieator,” whorens we d1lute with neutral gasoline and titrate
using phenolphthalein. The main ceuse of the differenceé;»no,ﬂoubt,
is the fact that in the B.V. a micro-burette is not used. In our
) } ization values are so low that this must have
an offect such as was found above. It does not make much dlfferenco
on the other hand, whother ono gets 0.01 or 0,05, when the valucs arc
80 low anyway. -But the use of ‘2 micro-burette seems always advisable
even’ whon tho“noutralization.numbers are- higher, - - —

[

5e.  Ibdine number. — e
Se. . Todine number,

: Dr. Hammerich had experimontal results and detailed calculations
on Rosohmund-anq Kuhnhenn's'method,showing that it gives absolute ;
values and thorofore a direct ostimato of tho contont of olefines
can .bo made,. All other known methods are supposed to glve only
rolativo values, Kaufmann's method, which we hawe boon using, has not
boon:-inciuded  in tho oomparativo  experdments. ~ I pointed .out that the
comparative oxperimonts which wo have carried out give a falrly good
agroement with "Kaufmann"'and ."Rosonmund” and "Kuhnhonn", Tho' iodino
numbers of the two investigations on tho basic gasolinos carried out
by the B.V, in our institution mogtly agree vory well, Now and then .

~thore have beon-doviatioqs-of}up to 10 points, o ‘

" Rosenmund and Kuhnhenn's method obviously has the advantage
Moreover, as. in .
) . A tion thus saving
The value 1s then convertod to iodine. o !

. : In a paper as yet unpublished, on the analytico~arithmetiecsl
. dotermination of tho Rosearch-octano number of gasolines from the
Fischor synthésis, Dr. Hammorich shows that tho lodine number doter-
mined by Rosonmund and Kuhnhenn's mothod shows hardly any deviations
', fnom theory, indicating that tho undesirable substitution-reactions
do not - occur and therefore a.definite end point is always attained.
Ho also shows that the olefine values as determined with Pentoxidea.
‘sulphuric. acid,are always too. high whon ‘the iodine valuo “is low..

- 8¢ - Distilldation of carburettor fuels, .

B . B N ’v o . . .. .

L ..-Until recently the B.V. used the A.S.T.M. method in its una
modifisd form, - This standard: was a : after the 2.B, has
issued its direc i cted thermometer to be used;
1s - probably the' improvead agroemont recently obtained
botWeen the two differont distillation deterninatiions, = .

Zo .- Distillation of Dicsoel fuels, - . .
M . y -

o The "B.V, ‘strictly follows the directions of ‘the -Z,B., 1,6,
publication 2 of Din DVM 3672, This.stipulates distillation from an
Engler flaskiand use of tho corresponding thermometor. Sinece the
Englor flask is somewhst 3mall for fuels.-of-highor bolling points,
resulting in a dangor of ‘overflow on starting to boil, we have so far
usod e 250 .csc, flask and a much -longer condenser. tube: than standard,

.vAftér-thé”unfavourabIO'oxperienco~of the- Engler flask 1t was suggested
- that standard speéification for Diosol fuels should bo P woxamined, o
We ‘also intend to ro~examine this bad stato of affairs in a sories. of °’

‘oxpoerimonts, - ST ) .

8+ . Tho analytico-nrithmotic &dtefminatioh ofwthe”Reséarch;octane,'"'
. number, - O : ' AR . L ’ : g

‘ lTheiféléﬁioﬁ'Whiﬁh_Dr; Hammerich"fdund'petwéan‘andlyﬁica1 
LA el SRR RN O R e




“constantS”énd"thé“RéééEFéHlﬁbﬁdﬁ$”ﬁﬁﬁﬁsf"igﬂgfuzauféeVwﬁgisgga‘56 )
apply’ only to .gasolina produced by the Fischér synthesis and specifically
‘only to the primary products, - o . o

C, Tho method 1s bound to fail as soon as gther than saturated_
straight chain and unsaturnted hydrocarbons are used, On the whole the
! oxporimontal ovidence agroes quite well with the octane number deter=.
", mined analytically and as found in. the engine. -More gasolinos from
o-Fisgher—synthesits—wero—oxantn o—tostTthoapplicabi ¥ O G)
nothod, aftor the work hod beon conoluded in tho summor of 1940, . For
" "some months past howovor tho analytically dotoriiinod valuos wero .
decidedly and oconsistently lower then tha octanoe numbeor found-in the-
.englino.. .These deviations have oocurrod with gasclinés from all the.
~ .’synthotic works, - Tho doviation was first confirmed by analysis of -
" AWK, gasolines, whidh are undoubtodly primary gasolinos, Dr.Hammerich
bolloves that this is caused by a ochange in tho catalyst. In any case
this paper does not attompt to woplaco the tosting in tho ‘engine, as
it 1s clear to Dr, Hammorich that this A8 not possible., But ho
bolioves that this method will mako it possiblo at loast to recogniso
changes during tho synthosis or the offoct of ‘cortain factors in tho .
course of tho synthpsis, - T ‘ S - : R

In connection with tho recontly occurring-deviations I pointed

out that the two dotorminations of tho octane numbolr of Z.B. samples

havo also shown a fundamental change for about % year. Until August
~1940 tho B.V. valuos were £ =~ 3 octane numbers lower than our valuos,
. From this time onwards the B.V. values were 2 - 3 octane numbers
- higher.  This swing ovor nood by no means be due to an oxporimental . -
" staetion such as the B.Ve; aftor all a change may even have. occurred
: at our own station and thus contributed to produce-this effect. All
* the same this phonomenon merits consideration and Dr, Hammerich
.. thought it expedient to instituto investigations to check whethoer.the
- deviations are.not, even to some oxtont, due.to.alterations in the

determination of -octane rumbers in the onginob,

. " .. In this connoetion I -have placed a sample of "‘gasoline base
before August 1940, viz, GB 26 of April 1940, at.Dr, Hammerich!'s .
disposal. A remarkdble observation is madd7ﬁomparing'the two: octane

snumbers. A% tho beginning of this year the two values have again’
come. nearor to:each other., Only 5 ongine~tests have, however, beon

'made so far. : ; o g —

 ?Tre1bstoffw9?k, Boledle fw' ' Dri Dannefolsor.

Memorandum
<., 6n/Ba
S e 12,11,39 o R ;

Rés:. Methods of iﬁvostiéation for carburettor

“ - "fueld and Diosel Fuols. B T o
" The following test-methods and minimim requirements ‘for fuels:
‘were- agreed "upon at the conference with Dr. Hammerilch at the Benzol~
_verband :on. 9.11.39, o ‘ . e e :
+1s _ Carburettor fuels.'

Octans number by-the’Research method. in the I.G, engine .or the [ .

- CFR enginée . - : et R : I e
" Appearance and bolour."' LA ' Lo e f L
“~Density at 15%- should Jbe below 0,715 for finishod gasoline..




. A

Ioding humber by RoSenmund and Kuhnhonn!s. method. .. The.-reSult
" of tho comparisons with Kaufmann's method are be awaited before

we docide on our method. . . . T

"Roid vapour pressure ‘at 409G, Tho maximum permissible V.P.

Tor finisﬁoa gasoIIne 157 0.78 in winter and 0,65 in summer.

Gum content, at 110°C in a glass dish in = cufrent'of air,

. The residuc. shall. not oxcocd 10 mg. - Whonoevor possible it should
3 hother—tho-restducconstots 0101l or rosins, .

- Oxidation Stabilitytest, at 70%C. With addition of 10% alcohol
" no docroase .should Ee-observod aftor 4 hours, .
ASTM Distillation. At 1002 at 1sast 3;% of the finishod gasoiino
should have come ovor, and at loast 95% at 2000, - :
Lead éontont;rpxprossed 8s 66 Tol/litpo, o
. Alcohol content, dotormined by extraction with calcium chloride

solutilon,: : :

Wator contont, in tho case of fuol $ontaining alcohol.

o o . o
. .,Benzone content, byva mothod which has not yet beon~agraod upon.,

/Noubralization value; dftefyrefluﬁingithe'sémplé-to romove the - -
carbonic acid,

Copper tasﬁ. Rosults.aro_puroly qualitative and are only -

" intended to distinguish between tarnishing and black solourabions.
Volatility, by Dr. Hammerich's mothod. This' should not oxceed
2 p-in;summor. T i . ‘

Diesei fuels, - . -

T Flash point in tho Pensky-Martons-apparatus for differdntiatiﬁg
tho "dangor clagses" 3 and 2. Diesel fuels of the danger class 2
" 8hould be marked with a red label. . L R

Appearance for the ‘control of the content of impurities such.as -
suspended metter or water, L : :

__Dower calorific valﬁe/kg‘should not bd-bolow'9700 cals,

*'Donsity at 15° for- finishod Dicsol-fiels should hot be bolswy 0.81,
Pour point, still liquid at -10°9C in summer,  corresponding to a

-pour point of ~120C determined by the previously used method; ..
st111 liquid at «18°% in wintor, Tt

" Clouwd point.. T ‘ o " S
"Filterabilitx by Hagemann/Hammerich!s mothod5~200 oc should take .
“at most 60 secs., in.the new apparatus, at ~5°C in .summer and-. 5
-=139C - in winter, : ' ‘ C

Noutralization valué,.acédrding;ﬁb tho diroetions for lubricating

_oils, S o

 Zine test: 24 hours in tho bomb at 50°C according to Hammerich's '

_,,airections,‘ThO»zinc used should be refined but not olectrolytie,:

=27 -The limiting value' of the woight~decreaso should not-exceed :
,‘ 4t 1 m@n.’ . L .: .'*»"\ L i : .

=




-

Ash'obntéht'by'DVM 3762 should not excood O, 05%

| Gokin tondono by Hugomann/Hammorich's mothod should not
,oxcoog 2% Eaparation of hard.asphalt and coke 1is not roquirod.’”

Sul ohur contont by ‘combustion in. tho 1amp or bomb not more
Eﬁan I% by wt. N .

" uouano nmmmm
“Maraor's meEEod.‘ A

Viscosity at 200 4in tho Vogol Ossag to be not less than 1,1°
Engler ond not woro then 20 Engler.,

Distillation by tho ASTM mothod with uncorrooted thormomotor.
;Anilino Eointvfor calculutiqn of_Diosol Indox, o
The analytical ‘date. obtoined wore communicatod to the Zontral-»

bﬁro Borlin and tho works tdsts to.tho corresponding manufacturors.
it has also’ boon agrood to sond a eopy to tho Bonzolverband, Bochur,




i) in Bolten on 25. '9., 44.

. .} :
Subject: Ter oil, ond tho usa of tm- oil and crude’ oﬂ. in goo turbinea for the
' Lu!‘tmﬂ‘a )

v

" Prof. Mortin’ reports an & diacnaalon vhich ho bad at the matigation of Mr,
Geilenborg with Prof. Hohlfelder, the hepd of the Inastitut fir Motoren st the
tochniache Aktedemie der Luftfehriforschung in Berliu-Gatow. . Prof. Hohlfeldor fo
angagad on the development of the gas turbine for the luftweffe. The mothod of
working is as follows: The fusl i3 pproyed out of @ nozazle with ths eid of air,
is burned $v a combustion chamber, ond employed to drive the gas turbino., The.
fuol origirslly used was Ip, which baile betwcen 100-300°, and shdauld bo profuced

" by werks making synthetic produeta. or by bydrogemation plants. After the
hydrogenation -plonts cessed to be evailable, further tests were wade. 2nd it was

. a@stabliphed that erude oil end ter o1l were tesicslly suitsble.,  Admittedly both

_ producta require to be prsheated to 400". es otherwise thoy will not burm in the
cartustion chamber without forming deposits, While this preheating is.easily’
echiaved with crnde oil, coking occurs at the noszle when tar oil 18 ussd.vith
prolouged xurring, so tnet it/cen only bas uwsed for 4-6@ hours. = ‘T¢ have therefore
been aaked vhether we see any wey ‘Of svoiding this coking ot the noezle. . On his .
vistit to Gotow, Prof. Eartin found that tho metbod of preheating used is extremely
primitive; the,tar oil or crude oil is passod through s pips, which io vory _
closely fitted, in a pipe which is heated from btelow by an oper flame. - A taup-
erature of 400" rwae msogured before the nozzle, but in gpite of this considorable
over~heating occurred, for according to Prof, Hohlfelder thé¥e is.20% decomposition’
-on prehéating. . On t}xe Basis of this information, I &am convincod that there must
have heen oxcesuivo prehaatins. sippge, beceuse of ita aromstis character, ter ofl

. wonld not deccipose at 4000, I actuelly eatablished, In tasts whioh I medo with
tho-Stinnes tar oll sample which Prof, dartin brought with him, that aven at 5000
-oily 1~2% of ges o formed. With regord to coking of tha nozzle, it should be
mentioned that 1: iu not e quoetioa or hard deposita tat of- soﬂ;‘ pitoh’uka
residues. o

! Ths mln troutlo with the crude oils aveiladble ia tha unsatisrnctory eotting
point. In the typs of whieh. darge quanttties are gvailable it 1s aspproximetely
-.0%C; wherons tho Luftwaffa demands -170C for Iubrlcsttng oile, - To lower the-

saﬁb!ug point; I sugsestod the addition of paraflow; which reduces the setting

pbint’ by €-8° with s; eddition of 1€, or the uso of mixtures of tar oil ~nd erude
- 011, by which mesns the lor sotting point of the ter oil compensates for the erude
on, and tho ornde oll mnuoneee the cmabustion propartieo of . the tar ofl, :

Dr. Hogsmam raferred o the faet ﬂmt o sinilsr problenm ardae 80mB years ago

’ 'nlmn nozzles were being menufactured for Diesel englnas, btut that thers wes st -

thet time no chemicol means aveileble to prevent the nozzles from coking, snd they .
bad to be content with atructurel alterations to the engine. I have seen this
confirned in the meentime in & diassrtatiou by Dipl.~Ing. Wégemamn of Mimeaen, in
1939, on "Engine. investigetion of tha tendamc'y 10 coking ot Diegel fuels st ths
: 1n;|action nogzle” . . R :

" As s further poeaihuity or mpmving tar oil, th gaation wag mede that
synthetic Diesel fusls might be added., = These somatimes precipitats certsin com—
ponenis of the ter oil, .which con then be ycmoved by centrifuging or filtering. i
The mothod euggested bty Prof. Hohlfelder. which counsiats in rxeducing tho hoiling
point - from 3200 to 2759, does not eppsar. to of for proapacts of success o8 ritetls
this reduces the quentity snd seccndly &t 2750 thore are etul componenta preaent
whxoh could undcubtedly bave 8




-8 -

- .
v

Prof. Hoblfelder mentiomed further problems with which, es o mschine con~
ireetly concerned, god in ;hﬂ.mlnum.ot-whxob—ha—vw -
ThS86 woxre :— i : .

1. Obtaining date on specific heat and -heat of veporisstion of tar o011 and
oerude o1l at different temperaturea end, £. the investigntion of the poasibility
- of using tor oil e on eddi‘ive to norma) aero engine fuels in the @ssoline
engine. It is inmoterial whether the mixture or the tar oil alang is used colad
or preheated, - ' : . )

s

5 It wes agrend that I should exsmine the samples which Prof. Mertin brought
. with hip, snd make aome decomposition toste, in ordor to eacertatin how tar oil
ond erudo oil behave ot high temperatuores; I was then to discues the whole B

. Prodlem with Profl Hohlfelder in Getow, with breheating specielly in viow, a8 this

~hes not besn olenrad up satisfactorily from the eonssruetion point of view, and ig
partly the esusa of eoking, . : ' : . : ‘
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" The Construction of an Apparatus for -
dotormining the critical Gemperature for_vapour-
lock of gasoline Zabrelsstemperaturi, in aero-eugines.

L

. . Resoarches which have already been made reveal that it 1s
necessary to deduce the effoective critical temperature forvvapour-lock .
(abreisstemporatur) not only from the properties of the fuel, but alse
to take into account the ongine conditions (construction of the supply
systom and working conditions), We thereforc consider it important to
classify the various types of onginos and supply systems in terms of
a critical ratio; . this roprosonts the volumetric ratio of vaporised .
to liquid fuel at which the delivery pump. will st1ll Just .supply the
engine. with sufficiont fuel. This critical ratio is-a-function of .
engino speod and the construction of the ongino, and therefore takes
account of tho causes of vapour-lock trouble gttributable to tho - -
onginos, - The critical ratic is best Tound in practice by a single
tost with a roforence. fuel, but 1t can be found approximately by -
caloulation from the dolivory of the pump and the fuel consumption
of the engino.

.. The. causes of vapour-lock attributable to tho’ fuel lie in the
capacity of tho fuel to develop an increasing volume of vapour as the
temporature incroases and the pressure falls in a closed system; at
that temperature and pressurc at which the volumetric ratio of :
vapourised. to liguid fuel is critical for an engine, vapour-lock

. begins. The term "abreiss-tomperatur" of gasoline appears thus to be
clearly defined. . .

: In classifying a: fuel, therpforo account must be taken of 1ts

capacity to dovelop definito’ volumes of vapour; we: therefore suggost
~that- this capaclty be represented by a diagram -of "vapour or-flash .- -
isochores" these diagrams show at what oombinations of prossure and :
temperature the fuel develops given volumes of vapour, If the volume

of vapour is rolated to the initial volume of fuel, tho result 1s the
vapour lsochore diagram; 1if this is related: to the volume of fuel
rosidue (after flash vaporisation), tho ‘rosult 'is the Flash 1sochore_
.diagram. .

A description is given of ‘a simple apparatus for fbeording :
vapour isochores, Tho diagrams of 5 fuels (including 2. pure substances.
and an azeotropic mixture) are discussed.. .

It is’ shown that: in principle the vapour or flash 1sochores
reprosont vapour pressure curvos, .

A-desceription 1s given of an appuratus with meroudy as -a sealing '
K’liquid which is-not yet ready for practical use, after which an : [
apparatus is described by which it is"possiblo to ‘obtain.s Vapour and a
Flash Isochore diagram by simple pressure measuremonts. Since there.are -
"as yet no extendod sories of measurements with this appnqatus discussion .
of the results is deferred to o 1ater report. . AR

(sgd) Dr. K.W, Schheidoer. . .
Director.‘ :
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Report by HAGER and EBERAN

Gréding of fuels with respsct to foruation of..

vapour locks,

a

. The pumps feeding gasoline to Automotive gasoline engines v
are generally far oversize; “this is done in view of the possibility
of the feed efficiency being affected by the formation of gasoline
vapours - If vapours are evolved in the fuel-suction line the pump has
to foed fuel of increased spocific volume viz, liquid gasoline mixed
with vapour bubbles, As long as tho proportion of liguid fuel .
delivered i1s greater than tho instantaneous'fuel reoguiremonts the

- operation of the engine is not jeopardized., If, however, tho volume
‘of fugl boing fod.is onlarged still further by vapour bubbles, there .
will be a fuol shortage in the carburettor; this in turn will produece
a diminution of the output, suporheating, back firing and such like,
and vill finaslly lead to fallure of the engine, .- - s

. The factors dotermining the vapour-liquid gondition of a fuel
are tomporature, prossure and tho components of the fuel, volatile or
non-volatile., The absolute pressure in the suction 1line is subjected
to variations at each stroke according to the construction of the '
pump and depends on the cross-soction, of the fuel line, the resistance
of the 'line, and the amount flowing through it per socond. The factors

—dotermining the-temperature of tho fusl in the suction line are heat
conduction and radiation. In considering the multiplicity of v
influencea 1t will be understood that the "break-off" temperature x)
‘of -a-fuel feeding unlt has not led to a definite grading of fuels
with respect: to their tendency to form vapour locks, It Seoms .that
physical propertiecs (pressure, temperature, volung’) are botter suited
.for this purpose, o ) g

- If the fuel-pump is V per unit time_and the fuel consumption :
of the corrosponding engino V' one can ealculate the safety-factor of
“the pump or the volume ratio K 2 V'3 V';" tho latter also indicates - .-
the exdtent to which the volume of the fuol«vapour mixture may increase
boyond the volume of the liquid fuel before the vapour’'will laad to -
locking. For instance, if at normal temperaturcs the pump can delivor
- ton times the volume consumiod by the engine, 1.0, K = 10, then 90%
of the volume may, if the fuel i§ heated and partially svaporates,. be
fod in the form of vapour:(this part 1s ineffective in the carbureitorl. *[f
The remaining 10% of the fusl Just suffices to supply the ‘engine, If ‘
fthe speeific volume of the fuel were increased further by vapour
" bubbles this would lead_to a, fuel shortage in tho engine. - )
; "The safety factor of the pump determines (gpnrt'fromjthé‘"'“‘f*“
+ —Physlcal properties of the fuel) the particular point at which the
presence of vapour bubbles takes effect. Therefore fuels can be ‘ )
compared and, graded with respect to. thoir tendency to form vapour = . 5
—on the basis of their physical propertles alone if a constant safety .
factor of the pump is employed. The appsratus described below was
developod on thq‘bésis of-}hese-considdrationsjfor'the»detqpmination

Ay

A(x) See Bibliography.




of the properties of fuels for the purpose of judging their sultability.
The apparatus conslsts of a glass U-tube (seec Fig. 1) the 1limbs

v. of which are calibrated in millimetres. One of the limbs has a funnel

- sheped-‘opening for pouring in mercury. . At the bottom of the U tube

there 1s a ground glass tap for running off mercury durilng the

determination, At the top of the other limb is a ealibratod pipette

and, glass ilsolation tap, for measuring the volume of gasollne under

different temperatures and prossures. This limdb is enclosed in a

thoprmostatieall ¢ hormomotonrs

s

-1 - Bafore starting tle moasurements, tho U-limb. carrying tho
. plpatte 1s calibrated; tho tubo is then filled with mercury to beyond
“tho stopcock of the pipette. Herecury is run off through the lower
tap until tho meniscus in tho pipotto is just below tho -tap; the
r‘,.p:lpot:t:e =8 then shut. off by means of the tap and filled up to the
calibration mark with tho gasoline sample to bo testod. When the tap
“..—. 18 reopened,.the gasolinc moniscus falls somewhat.bélow the calibration
mark and tho mercury. in tho other .1limb rises bécause of the oxtra
pressure exentod by thoe column of gasoline.,. Mercury is run off the
lower tap uhtil the desired iniltial volume V. of gasolline has run into
the U-tube, The tap on the plpette 1s now cfosod and-a few drops of
morcury poured into the pipette to seal off the U~tube completely, -
In the case of volatile gasolinos, tho sample must first be cooled
considerably (Butane ~300) go that tho low boiling. compononts do not -
ovaporate during filling. ' The pressure-volumo measurcoment may then be -
-/ carried out at a definite temporature. et : '
If tho measurement is to be carriod out at a higher tomperature,
the filling has to be done at room temporaturo and:the heating jacket
then raised to the desired temperature, otherwisothe grsoline sample
may. partially ovaporate during filling. The initial volume is read
“whon the ‘dosired tomporaturo tp 2 tA has been reached. - The following
~ quantitioes ere moasured: -

1) Holght of morcury in the loft limb Hgy (mm)
'2). Holght of merocury_in -tho right Timb Hg, (<) o
.3) Height of gasoline meniscus H (mm) o -

i The mereury is now run off through the lower tap by stops of
50 mm,, thus reducing pressure ovor the gasolino. The tobtal volume

" of ligquid and vaporised fuel at tho prossure Hg, is then road off the
scale after waiting until equilibrium is attaindd. The results. are
roproducible if oqual times are allowed befors taking the readings.
"The absolute-pressure is detormined from the head of mercury, i

- /\Hg z Hgy - Hgy

~. and the borometric pressuré B: Py o = B - gﬁpHg

‘For an initlal volume Vg .of liquid gasoline there is a ¢olumn of
. gasoline H mm above the mercury in the pipotte and this -should be
taken into account—in the deotermiuation of the absolute pressure EhbS'

" In measurements at-olevated temperatures, one side of the mercury
~column 1s heatod. in the jacket whilo the other side remains at room
tomperature. The difference. in:the spoecific graviby of the mercury
in tho- two limbs should also be-taken into account in the calculation,
The two_sources of error howevor have opposite signs and their -
‘correction mdy ‘therofore beo neglected. Also the gquilibrium botweon:
tho two mercury columns in-tho tube is unstable owing to the boiling
and evaporation of the gasolino; oven tapping the wall of thée' tubo
may upset it by causing now gas bubbles to omerge -into the . space

X above -the 1liquid gasoline. Too great-an-accuracy must not be .,

! ‘asoribed'to the rosults, a measurement-orror of 1 - 2% being quite
nogligible, - The total volume V of the fuel sample (liquid + vepour) - .
is road off the scale. Flgs. 2-4 show'a plot-of V. against Pyug at T

. _constant temporature for the mixtures Tel, Tel ¢ 10%.Butane,.and -

-




.

Gembo Spirit "Tel" which is a mixture of high boiling components
reaches-a low preeeure*when 1t -is-expanded-to-several—times—its initial
volume, Tel.+ 10% Butane shows a different behaviour since Butano has
a very low boiling point. The pressure-volume chrves of Tel were
moagured with increasing and decreasing pressures, Two curves are.
‘obtained as when the pressure increases  less vapour ro-condenses- than
was producsd when tho pressure was falling. The oondensation delay

1s thus greater than the boiling delay which is quite noticeable whon
tho pressure is fdlling, The interval between the two curves increasos’
as_tho ¢ ullibrium of the two phases 1s then
most unstablo and also with increasing distance of tho point of
prossure inversion from the initial volume V, 1.0, a8 K = V 3:Vq4
incroases, This volume ratio K 1s a measure for comparing difforont
gosolines by thelr pressuro or temperature characteristica. Fige. 5
shows the pressure~tomporature curves of all throe mixtures for K »
constant, i,e, for a definito increase in volume. The characteristioes
of the thrae fuels are fundamentally different. It 1s remarkable that
the 'characteristics of the fuols may.be compared for any arbitrary
value of K (K & 4 -~ 12) without producing any approciable offect on
the rating.

/
With on absolute pressure of P = 500 mm. Hg. on the suction

. 8lde of =& fuel pump whose feeding capacgty 1s 10 times the necessary

.capacity (K e 10) vapour locks are theoretically expocted to occur at

the following temperaturQS‘.

Mixture Tol + 10% Butane’ = 35 ©g
Gewbo Spirit. , 46,590
, Mixture Tel - : 6645°C

’Mixture Tel + 10%" Butane will thus have the strongost tendenoy to
form vapour locks. . Tol mixture will be least sensitive to high

" external temperaturee and any hoating up of the fuel feeding unit.
The results of theso measurements aro being checked in.a houted fuel

foeding unit. E . .

s

Dr. Ve Ebefan.
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Dio Bewortung von Leichtkraftstoffen hin31ohtlich
éhror Neilgung zur Dampfblasonblldung -
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F}Scnaub, . Zur Beurtoilung von Kraftstoffon hineichtlich
‘ dor DampfblasenstBrungen am Motor - . ..
ATZ 1941 Part 22, 7

a

Pressuro-volumo measuring instrument fo
: 1., Manometer U-tube-- - ) :
2.~ Mercury £illing.
. 3, Heating jacket
4..Moaeuring pipette

volume. of -liquid part of ‘the. sample
volumeo of gaseous part of tho sample
total volume. L
‘barometric pressure:

differonce of the morcury columns
absoluto pressure- .
temporaturoe in ‘tho ﬁeating jacket.

ilnlln wuu




--Ppessuro-volume --curvos--for- “mol" mixture at -constant -
'temporaturos. - .

Pro88ure ~volume curves- for "Pe1" mixture & 10% Butane at
constant tomporaturos. o

Proasiro-volumo enrvoa for "Gembo Spirit" at, constant
tomporaturos.

t

PF68SUTo - fomporature curves ,of gasoline.
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o . _ Intnrmedlato Rogort.
-Purgoso of tho stigation.

In the course of the cocvarativo oxporimonts of the Zentralbﬁro
flir Minoralbl G.m,b.H,, 9 fucls {(a, b, ¢, o, £, g, h, i, k) were
examined for tendoncy to* vapour lock by the mothod described in the
report B - 93 - I, using Prof. von Eboran's apparatus: The samo test-
substances wore available olsewhore for examinntion by different | ‘
mothods, The obther places were: Ruhr-Chomie A.G., Oberhausen-Holten,
Reichskraftsprit G.m.b.H., Borlin, Olex, Dgutsche Benzin -und
Potroloum G.m.b.H., Berlin. The purpose of the cooperative-experiments .
was to set up a simple uniform nethod of rating ‘car gasolines according
to their topdency to vapour lock. o .

Test Methods,
a) IfK ~ Tost apparatuu. ' . - -  :; ;

L It wos desirod to shorten the test with this apparatus at the
various temporatures, and avoid the caroful cleaning of .the apparatus
which had to be donc each time. To achieve this the pressure-volume
curves of the teost substances wero messured for all temperatures with
one -fuel sample only., , When the pressure in the U-tube manometer is
increased a condensation delay occurs. This means that when the next
measurement is started the initial volume of 2 ¢0 1is no ldénger reached
. because of a.small gesoline vapour bubble which remains behind. This
is shown in the pressure-volime diagram (see report B = 93 - I, figs,
2 and 4) by the fackt that the curves for lower temperatures (20 - 509)
do not start at V.. 2 cc: but at about 2,5 = 3,5 ¢¢, At higher .. =
temperatures-a- 1argor art of the  pressure-volume .curve is-lost., In
the relevant region of pressure and temperature this does not come to
the fore because these statos ccrrespond to low valuos of K.

- " The values of the PT curvos at constant values. of K of 4 and

12 were taken from tho prossuro-volume curves at’ constant temperaturo
and then plotted, For comparison purposes, thé values of the
temperature for K'= 4 and X = 12 at. a pressure of 760 mm.Hg. have’ been
ontorod into.Table. l glving an ovaluation of tho fuels. . For K = 4

we got the following order ~C=g =l ebaeg-kaehawf '

for K o :a ~c-gel~0«kaba-ha7f

where tho vapolr ‘prossure’ increcies ‘towards the right. The drder is .

the.same in both ‘casos with tho oxception of fuel b which in 'the 1ower'

'series appecars at a 1ator s50g9.

: Finally a 'l X mlytu"e of the non-volutilo fuel a and the
oasily volatile fuel £ was investigatod 'in order to be:able to predict,
the vapour locking tondéncy of mixed fuels from the-charscteristics
of the components. - The result is shown in dlagram 1l.. The more-

‘oasily, volatile fucl f with highor vapour pressurc, is the decisive

d -




faotor, as was to be expe ted., 1%t ‘1s observed that the K of the "
“mixture 8 .4.f does_not by any means lie in the middle of the K curves -

of the substances a and f but that it 1s strongly displaced towards
the more volatile fuel .f. Thus for example at 760 mm.Hg. pressure

and a fourfold volume increase (K = 4) the bresk=-off temperatures are

Tostfuel a 71.5°
gstTue 50700

and'mixture a s+ £ 56.,0%

A condition of the desired standard rating of fuels is that:
the permissible incresmse in volume K be laid down uniformly for all
the possibilities of wvapour lock troubles in running “operation. A
safety factor of K ¢ 12 would probably not ‘be- ettained by any fuel

pump instellation. :
b) Safoty factor of fuel pump installations.

, . The fuol pump equipment of motor cars now ‘in general use
consists of diaphragm pumps the stroke of which during suction i1s
produced by a oam, and by a spring during compression. The delivery.
prossure - of these diaphragm pumps is consequently limited to about™
0,1 = 0.4 atm. oxcess. Pig, 1 shows a section of n 'Solex lever pump. -
Fig. 2 gives the puniping charactoristics of this pump in the oxtrome
cases of: . : i ) ‘
, ag purely 1iquid-~fuel pumping

: b) purely gaseous pumping - e
and also for c¢) liquid-vapour mixtures of various compositions,

. The mixed pumping was offected by injection of Known quantitles
of air in.the form-of very fine bubbleg by means of & porous plete. The -
installation shown' in Fig. 3 corresponds to a fuel. pumping system in.
" the 3-to-~Opel-L.K.W. The 100 por -cent air pumping rate of the pump -~
4n litres/hour (case b) at the maximum number of rovolutions .{ n =
1750 revs./min, ) is about‘S*times”asflarge'§§*fﬁéf§ﬁﬁ§iﬁg’fa g of
100 per cont fuel (case a), " An increase in the proportion of air
fed to the pump decronses the qunntityﬂof'fgﬂl;deli‘_reglﬁ

" Example:
B v = 1750 ‘povs/min
R Aip throughput L - 100 litres/hour

Air/fuel throughput B #: Lo« 115-1itres/hour

‘Puel throughput B 15 litres/hour

- The pump handled the full 10ad consumption of the 3.6 litro
Opol ongine at all spoeds with a safety factor of about 2. In the
1limiting case just before bofore the. break-off the consumption is
still covered whon tho pump has to convey 40 - 60 1itres/hour of air
or vapour bubbles. Theoretically tho fligl to be pumped could take
up 3 =4 times its own volume by partial vqporisation»without any . -
 fusl deficlency: occurring in the engine, The K-curve of this vehicle
.-installation in Pig. 2 shows that-the eritical break-off point-of
the fuol supply lies at'n = 1550 and full load becsuse at. this point )
the increasa -in the volume of the fuol due o vapour bubbles must '
not excedd 2,75, - U S S
. - The mixture pumping charactoeristiecs of -other vohicle
‘installations are still being investigated. . On the pump test .
. ‘apparatus shown in Fig. 3 particular investigatlons are carried out
' to soo how for the formation of vapour bubbles on the suction or :
pressure: gide’ of the pump detegmine§‘tho_critica1 fall in the

o
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Cppial puns viere made with & 15007 ce. NSU Fiaton a flat < —7
streteh of the Dresden-Berlin Roichsautobahn to check under actual
conditions the order of test fuol ratings obtained in the cooperative
oxperimonts of the Zentralblivo flir MineralBl - G.m.b.H.

The'measuring arrangoments and test points aro shown '

and _Fig _ond 6 show _the instruments - JEN
itself, - ‘ oy

Og Qna 3 Il

und-mpdifications in tﬁd car

The tost-fuel. .could be heated in-a coil lmmersed in the engine
cooling water until a broak occurred in the fuel supply. Proliminary
- oxporimoents had shown that vapour lock in the. vohicleo was reproduciblo
only in a -state of thermal oquilibrium; tho lattor can be attainod
only if tho tomporature of tho ongino 1is raised gradually as woll as

- $ho tomporature. of the cooling water and the fuels In placo of the
‘redintor casing tho oxporimontal car was thorofore provided with a
radiator shuttor which was continuously adjustable from the inside.
Tho tomperatures wore measurod by means of calibratod therrio couplos ~
and o millivoltmctor @s woll as by means.of a distant roading
"capillary thermomotér. " Tho .gradual temporature rise at all the )
moasuring points was watched by continually roading and recording
tho temporaturcs at ono minute intervals until the fuol supply lockod.
Tho . following was tho procodure of an. expoerimental run. After the
proceding oxperimont oxtonding %o the breaking of .the fuel.supply,
tho cooling water was run off and replaced by cold water. At a
constant spood of 80 lm/scc. tho oquilibrium temporature of the -
engino was then graduplly raiscd by regulating the shutter -in front
of tho radiator until the broak-off point was reached. The faillure
of tho fucl supply was immodintoly and unmistokeably noticeable first
“by virtue of the fall in~output and seocondly by virtue of the directly
ensuing ongine failuro for lack of fuol.  Diagrams 12 to 15 show the
temperature course of somo of the exporimental runs with various’
fuols up to tho breaking off of the fuel supply. From the results.of
tho experimental runs it may be seen that the temperature of the fuel -
in the pump and prossure lines was Paiscd by additional Thoat duo bto

" conduction and radiation froom the ongine. Tho tomgerature of the fuel
in the pressurc line was thorofore always about 7Y highor than in the
suction line. . Further hoating occurred in the carburottor although
tho latter was screoned from.the exhauste-manifold by an asbestos
screen. - The temperature of the fuel in the -carburettor was another
2 . 5° higher than in the pressure. line. Tho temperature of the

_.distance . thermometer provided on the suction side was similarly :
affected by heat conduction. . It agreed well with the temperature of
tho cooling water system. = The. hemperatures, taken in the experimental
runs ot the moment of VYbroak-off" of tho test fuels a -k and 02 60,
aro given in Table 1, page 16 (¢f the original). = - i .- :

S .. - When the break~off temporatures moasured with the IfK-test
{ _dinskrument aro compared with shose moasured in theo road tests. on the .
+-.1800 cc. PFlab, 'it is evident that: - ’ : .

1) Unlike 'tho laboratory test, it is not possible to make a:
dofiniteo nssossmont of a fuel by measuring only one . .-
‘quant ity in-an-exporimental’ run, despite special - N
precautions; this is due to the multiplicity of factors
which dotormine the “break-eff".— ' '

The break-off in a vohicle is not simply related to any of
the” following different temperatures: - ‘ '

temporature of cooling water. S ‘
fuel-pipe tomperature suction side
fuel.t.amporaturo-suction sido. . '
fuol temperaturo-pressure sido.

'ﬁomporaturo-of»qarburettdrmv

e
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5) Tho tomporcturcs, in tho oxperimental run 1ie in the

following order as a rulei o e

tgp < tpr < tor < bow -
4) The temperatures tgp, bHoTs being determined by conduction
of heat, are noarly equa{. ' o

5) The value taem ¢ Bop represents the mean temperature of the
. 5

walls in contact with fuel, tgp + tpp represents the mean

gomperature of tho fuel itself,

6) The values of ty measured with the IfK test apparatus at
P = 760 mm.Hg and K = 4 lie between the mean wall and fuel
temperatures leading t 6 break-off in the experimental run.

tgp + tpr "<'tA < tap 4 tgp /
R -

/

The .greatost deviation from this rule amounts’to‘zo.
© Summery. '

1) The rating of fuels according to the IfK test-method is,-
" within wide limits, independent’ of the value of the factor K.

- 2) For the 3 t-Opol~L kw, the eritical volume increaSe lies
" betweoon K z3and K = 4, : o : :

~'3) The broak-off tomperature in tho vehiocle. is not unequivocel
as in the pumping system tho fuel is oxposod:-to temporatures differing
by enything up to 259, S

/4)'Tho‘oxperimentu1‘run doos howévor definitoiy confirm thé low
tendonoy to vapour lock of thoso fuels which attain high-temperaturo .
values in the IfK-tost‘apparatus and vice versas ‘ ,

.. B) The agroement botween thovﬁroak-off tempoerature gilven by
tho IfK laboratory test and the temperasture which i1s to be regarded
as-gecisive for breakeoff :in the ongino can be ,established to within
<o 1=2%, ST — R .
e 6) The IfK 1abofqtory'tost may‘bo'taken to bé Sufficiently‘
simple and accurate .for the rating of "fuel§ with-respect- to vapour . ...
locks. : , L . . BRI
NS v . . I,

Drosdon 30,10444s S Prof. Ve Eberan.




Table of temperaturas.

~PUELS OF THE GO-OPERATIVE EXPERIMENT

!

Test i " 1500cc. Fiat roéq test.
apparatus

P = 760mm.Hg
K = 4]k = 12 _ | bxw| BsF tgp typ | bsr¥tpr
Ta O O %Gl | ¢ % 2

[
°¢

71l.4 |75.6 1 s1}74.3| 61,4 7 74,7 6547
72,3 {76.4 R R B ‘ R
54,1 156.5 72! 65,00 51.6| 60,3 | 60,3 | 5640
60,8 |65.0. - . 76! 66.5] 50.4 ) 57.7.|'65.,0 1 54,0
w5l 66.0] 53.5| 62.9]68.9 | 5845
53.7 ’ 621 57.2]48.3 | 51,6 5547 | 50.0°
50,4 ' v | §3]54,5{ 45,0 55,3 | 5848 | 50.1
50.9 63| 53,5 45.0) 54.0| 5840 |- 49,5
‘ 58| 50,4| 44.2 | 53.3 | 54.0 | 48.8

58| 51,5} 42.7 | 52,0 | 52.0 | 47.4
63! 53,50 47.4 | 51,0 | 82,0 |- 49.2 "
58| 50.4| 44,0 47.5 | 49.5 | 45.8"
(57| 50.4{'42.6 | 48,0 | 49,5} 45.0
68l 63.0| 52,01 60:3 | 63.5 | 5642 .
72| 65:0{ 55,0 | 6243 | 6443:] 5847
63| 55.5| 48,0 | 52.8 | 55,0.| 50,4
65| 5545|4545 | 5340 | 53,0 | 49.2
60| 53,5} 45.2 | 49.,6 | 55,0 | 47.4 -
" 61| 55.4] 45.5 | 50,3 | 54,3 | 47.9 .
61]53.5( 44.2 | 48.7 49,8} 4644°
| 73164.0] 54,3 | 61.8 | 63,8 | 58.1

' 69]60,9]49.0 | 59.1 | 6045 | 54.0
69]59.8/52.2 | 58,5 59,0 | 55.3

'84[76.0] 64,0 | 7144 | 7544 | 67,7
88|74.53] 65.4 | 68.0 [ 72.0 | 6648
gzl ra 5l 66:7 769, 0] TEL |- 67T
1.20.| 78| 68,0/ 54,71 68.8 | 69,01 5942
160 | 76|66.5 54,0 63,0 6Bs2 | 58,5
80 | 72]65.0|55.0 ! 6243 | 6443 | 587
100 | 69’60.5 46;2! 54,3 ,58.6 50,2 |

bxw » Gooling water exit .distance thermometer.
tgp = Fuel suction: side dlstance ‘thermometer.
tgp = Fuel suctlon: side thermo-couple
3uDT*u—Fuel_pressure side thermo couple.

U typ = Fuel carburettor thormo-couple

'V = Velocity of car. : Lo
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- German Eeriniental Station for Aeroneutics -
Extrect from "Report ou more Tecent work of the Instituve"
' ._oomptled by Dr/piil. A. ¥, Philippovich

&) Regsearch on fupdemental reletions end probleme of the day

Combustion was' of comsiderable interest in the case of fuels

(3,4,6). The -question was accordingly studied by Prof. ‘. Jost at present
with the University of Marburg. under contract with the D.V.L. He exemined
slow oxidetion es well as adisbatic spoateneous ignition by compreasion (8}..
Under alow axtdetlon, Tesults similer to those of Edger end Eebradere wore
obtained. The sadpud line of work however led to the conclusion that &
genorelly useful kmook elessification should be obteinable mosns of adix*
betic spontsneous jenitien, fuels being characterized by their ignttlon
delays.. _First the Iogerithm of the ighition delsy wes plotted against the
raciprocal of the temperature.of spontensous ignition snd a linear relation
was found {fig. 1Y, ‘tetor Prof. F.A.F. S¢hmidt of the Instifute for .
Thermodynamics of the D.V.L. 2nd his’ co-vorkers showed they thig linearity
wagvnlid only for rslatively long ignition delays, appreciadle cuyvetures
cocurring et highey temporetures end shorter ignition delsgd f ,8) {f1es B
Jost originslly masomad thet the. resction of gpohteneons tgninis

it the knock rsectivh exé dependent on. femperetiire omly. Ag ohiin ab

this essumption tumef dut to be dncorrsct; +thoye is op epprad

ence on pressure whi¢h floes not however Pecows spprrent pt 1AW,

The endeavour to obtain & charecterisetion of fuels on s lahord Be

led thé Instiiatte %o mponsor experiments elserhere. M. Tei i & Loy
co-worker of Jogb diY sueeced in esteblishing ‘e fonnection vetmean ‘the experi~
‘ments of S¢hmidk end Fost by using the adisbatics for the charapteripation -
of. spontensous ignition {8) (fig. 3). . This enebled him 10 ingedt 1ubto the
- dlagrems yot enly the ¢omdttions maintained in experimentel apperatus tud
aléo those obteining ¥n engines undsr verious modes of operation, - .I% ndw
becemo necessury to sgcotielin the pressures snd temperetures exd to pampate
them with the more easily sscorteinable walues of the experimenbil sppsre-
tus. . There wes thas some hope of conbinuing sucesssfully aleng this line. -
Engine experiments ¢f the Institute doalt with more tully bYelow led to the
_following hypothesis, thet knock in engines is the.result not of the simple
hest explosicn but 'elso of cold reactions with e negetive coefficlent of
tempernture "in certain Tegloms,  In this wey however-ihe continuation of
¥he_sbsolute solution of the question of knock is even more doubtful: “this
is ‘so at eny rate on eccount-of the mumerous frctors ‘which ere of precticsd”
importence. - The experiments which should have been cerried out-for confirm-
" ption or otherwise of the sssumption thet measurement of slisbedic sponten~.
eous ignitlon may be used for the investigagion of knock oharepheristics. of
fuels in engines have therefore mnot been completed, ~“It would seem interest—
ing however to continue work in this direction. A finsl spswer %0 the’ . S
question of vhether @ simpls leboretory mesthod will be sble to sreplace knoek -
moasurement in engimes should thus be reached.  The practicel importence of, S
_this work depends on the further development of jet propulsion.. e

Pege 5 - : . R . o /

Lubricents - The question of ageing or of oxidstion of lubriceting oils .
- Wos deslt with. Besides its generel importence there is slso the ‘question
of its.-connection, interesting for seronrutics, with the tendency. to-fom
residues: (18,19). The rasesrch wss meinly meent to lesd to a systemetic
study of all the oxidetion products formed during the pwogress: cf egeing:

The other mein objective wes: to elucideate _tha' mechenism of the reactions
leading to the. formetion of esphelt '(2)..  Anelyticel methods: were evolved:
_for this purpose which ellow of the determinetion ‘of preetieslly.all the
modes of ¢ombinatidbn of cxygen. ' ~The method is essentizlly cerried out’
ms follows ¢ . = . - o , Lo e SR




’ Cerbonyl end Hydroxyl-groups are determined by means of Grignard reactions . ' P
: ation of the 'earbonyl groups;. the results are used in combin- SN
“ation with the acid number end ssponficiation number of the substences (21) P
‘(fig. 5). Tue group separotion of the oxidised products from the oil was
also successful. Oxidation wes then further studies with suiteble model sub-

. gtences: such as cetane which combine with oxygen in the seme modes as -doee
lubrieating vil,. Chromabographic adsoprticn enalysis was successfully used - 5
. to isolate, sometimes in'm stete of purity, the oxygen compounds formed during IE e
the oxidation of cetene. This ;esenrvh requiring very much time has not yet E i

‘ been brought . -to & close. ) .

Examianation of lubricauing qualities ot oils showed wherein lay the dif-
ference In the usefulness of the aviation oils used. It is to be sought less
* in the difference in structure then in their content of sulphur and the latter's .
capacity to react with the metals of: the z (22} (fig: €). Generasl ex~ ~
. periences with high pressure lubricants = Tesearcn at a different place
(Prof. R. Glocker, Stuttgart) (23) shortly before the end of the war were com-
bined with the above result. This ied to the addition to the 0ils or organie
~*phosphorus compounds. Fundemental experiments on the lubricating qualities
of 0ils in the non-~hydrodynemic region were carried out with the aid of a
newly developed instrument. A new conception of the lubricating process
. resulted (24). Unfortunetely this work too has had to be interrupted so' that
. much that had besn sterted on must remsin without a solution. The following
intermediete results of practical interest for the’ lubricating region under
_1nvastigation may be reported here.
. 7
Ths ex1stenca of active groups is not an immediate pointer to good or bed
-"lubricetion. According to the lubrioeting substence, increase of temperature’
-~ may hevé & Tavourzble or-unfavoursble cffect on Iubrication. - The life time
of the thinnest lubricating films is exceedingly short. . -Each lubricating
substance forms a charecteristi" sliding peth, as may bé expected from theor-
~atical considerstions (24). One cen now determine the coefficients. of friction
of oils very accurately. This in conjunction with theoreticel assumptions
mey lead to the synthesis of lubricents fer more.suitevle for lubrication
than any oil known ‘so fer.  This work has only been begun (25). :

. Apart—from this work of the Institution on lubriceting qualities, researches
of Prof, K.L. Wolf end corworkers, University of Hslle, were emcouraged. They —
e2iméd et determining sccuretely the interfecial tensions of substences relative
to mercury by the drop-weight method in order to ‘gein 2n indicetion s to the:
adhesive strength of tHese substsnces (26,27,28). Direct measurements, on
aero—engine o0ils with veried times end temperptures were being desveloped., A
direct relationship between adhesive strength Teletive to mercury and praectice
could not so far be found. Dr. F. Seclich of the K.W.I. for physicel. chem—
istry Berlin, worked on the spetial arrengement of lubricent molecules: at the

- oil-weter interfece, on behalf ‘of the Institute (29). ~ Prof. C. Erbecher of
-the K.W.I. for chemlstry, also of Berlin, had the tesk of working on the
;jsurfece oherecteristics of metals by meens of rndioective elements (500

.-,

"Pase 7

._b) Development of test-mathods and spperatus -

“Test mathiods !

;... 2 For the: exemination of fuels en exsct Pnd repid memi-micro. method for the

- determinetion of lead teétreethyl was worked out. This ellows the percentege .-
- of lead to be found within 20 minutes by cereful praciplt?tion of leed tetra-
ethyl. with sulfuryl chloride as diethyl leed dichloride end titration’ ‘of the
latter by moans of ‘s dithiszons solution (%1) With meny different avietion

-~ fuels so fer enelysed, the sccurscy wes. + 0.001 vol, 4 T.E.L.. The fuels must
;hovaver be shaken with dilute eulphuric acid if the content of beses is high
,_(eddition of aniline), ‘?mhe.qupqtity necessnry_fpr en anelyeis is only 2 cc..

y <
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The_deo omposition_products-of-lead-tetraethyl-which-may—be-pertiy-dtssoived

in the fuel and which heve less antikmock effect are also Quantitatively
determined in a very short time (12).  TFor the control of ethylene bromide

in the fuel, (of particular interest for fuels to which I-T-Fluid hes been
added on cold winter days)}, the bromine content_of the fuel was ionized with
" zinc 1in presence of alcohol, waeter, acetic acid and pyridin end then determ— -
ined volumetricelly (ssgording to Volherd) (32)... This method requires 25 cc
- of fuel and takes 35 mins., the sccursty according to experience gained so

- far being about % 010005 vol. % ethylene bromide. ' The usual bomb-test for
fuels was also improved and extended (33). . Films of collodion were adopted -
as an ‘improvement on geletine cepsules in determinetions of the calorific
value, ’ ” . . . "

. Page 8

Apperatus -
Studies of the lubricating qualities with different asppsratus such aé

those of Almen, Wielend and Thome and also those cormissioned by.the PTR had
the following defects: a large variation in the grading of the oils lexcept
in extreme cases such as Tatty end purely mineral 0il},- inability to repro-
duce results -and insufficient range of measursment (40,41). A new and handy
spparatus was developed with a lerge resolving powsr end reproducible read-
ings so that a suiteble tool should be available especially for a. fundemental
investigation. = The four-bell-air turbine epparatus that.wes constructed
allows of the determinstion of the cosefficient of friction of engine.oils .
" (coefficient of friction ebout 0.1) to within % 0.001. It consists of three
. -spheres fixed. on & plane snd touching one another which represent the guiding
- beering, A fourth sphers serves s the sliding body and by wey of ean eir )
turbine end two nozzles erranged in tengential symmetry, can be driven at a

' . controlled speed (42). The conditions of lubrication ere thus those chosen

by Boerlege. The apperstus permits investigetions ‘with very smell amounts
- #t-temperatures of from -20°C to +20°C in different atmospheres and with =
sdifferent meteriels- (by electrolytic plating o/f the spheres with different -
metals). " - o ' ’

- ;_ For the chémicél exrminations sp spparetus for the egeing of the-oil was .
constructed. This enabled one to determine the epgeing products of the-0il- -~

) quantitetively and secured the complete condensetion of fogs end vapours by
moens of baffle walls end low tempersture cooling (20). For the analysis
of dregging substsnces containing tin which oceur in synthetic oils an extreme~
ly accurate tin determinstion method wes worked out ‘(43). The resesrch on-

. the lubrieating qualities of o0ils led to the determinetion of reactive sulphur

- by pessing hydrogen over héated oil and determining the hydrogen sulphide -
formed. For the investigation of the anti-corrosive effect {zdhesion) of

:'olls & simple method was given (44). ° An accurate “instrument wes worked ouf

> for the- determination of the different forms of combination of oxygen in eged

" oile and for the investigation as %o composition of unkown lubriceting oils

-.and special oils} with this instrument quantitative Grignard reactions - L
determination ‘of the methyl magnesium fodide added with or without evolution

. of methans ~ could be carried out (21);
Page 12 T
En.ine Work

1

. The' enswer to the question of.the precticsl use of 87 0.N. ‘gasoline 1:_1;"
steed of 100 0.N. fuel wes the following: -The boost could be increased

- eorrespondingly by an addigion ‘of méthyleniline end either eromatic. compounds -t
or isoparaffing in'small ;ﬁmg as-well es by-an increese of the lead content
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to 0416 vol: %. - The increase of lead content to 0.16% wes hazardous because
of greater dengex.o amgtng—the——valnas.and_nlu a: it could not be avoided
nowever -1f the preessigned tesk wes to be sccomplished at & 3
boost-air tempereturs of 80°C it was the ortho-compound of iscmeric xylenes
that sllowed leest supercharging smong. aromatic mixtures in the EMW 132 ~
monocylinder. In the cases examined supercherging could be increased as the
. pumber and leagth of side—-chsins of the benzene-nucleus increases (fig. 10).
*  Among 2 highly aromatic fuels therefore the one containing sromatic compounds
" 'of higher boiling point could ve used for greater supercherging. The ocbene
nunber gave a different result frem the supe arge test (65).

. The ‘generally interssting ring~sticking tandenc& of oils was ipvesti-
gated and the following result obtained: the rmning-time in one motor. using
‘one fuels and lubricant meinly depends on the temperature in the ring groqve.'
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. Fig. 11 shows the temparaturs. dependence of various oils. 1t . should’
be particulerly emphasized thet the minima for the lubricants differ largely
(58).  For these experiments 4t T8 necessary o keep, the operating conditions,
.especielly the t_emperature, exactly constant. To aschieve this one had -
firast to meke a careful study of the temperatures oceurring in the engline
under the most varled conditions (59). +~ In this connection measurement ot.
the ‘Vemperature of the piston during oparation gave: the -result that the
tenperatures in the region of the piston ring do not by any means remain
conatant under similar externel conditioms. The influence of the heat
$ransfer fromvp_istonvto-cy.linde‘r i1s of far greater importance in these ring-
aticking experiments ‘then hed so far been generally ©SSUIL d T3 the hest .
transfed in turn depends on the formation of residues, the pleys, the oil
£ilm sdhesion and the oil film geeling cepaeity. ALl the seme a well~
- defined connection could be found bétween exteraal conditions end the temp-
erature of the Bistons T e e L
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Development of -Test Methods !
In ordsr to simplify and .cheapén the investigsbion it wes tried to
develop e suitable test method by & lerge number of runs - 6n smell engines
(800 cc. end 188s) (73,74). It beceme spprrent however thet these engines
were not sufficiently loeded thermelly: for tost-methods they would there-
fore hewa to be eltered. . The 4instent when ring-sticking sterts was agcertainsd
only with diffieulty., Fundsmentel dengers.in the piston. did lead to. success
. in 4his diresticn.  The congtruction was however apperently lieble to lead . -
1o faulty results. ‘Among other things -the residuss deposited in the plston
skirt produced misleading results. (75).

. b : - . T ) .

. A novel test-method for meesur'ement of .the tendency for'ring-sticki'ng\_ wes

gls0 dsveloped with &’ smell engine. Hare the uppermost groove of the piston ’.

.was provided with smell holes running into the jnterior so thet et the stert
of the experiments the combustion geses cen flow past the piston ring into.

low performence resulting. . The pesseges were blocked .

-to,_sn incTeesing extent by the slow formation of residues, less gas blows !

- through the holes which is linked up vith'& rising performence of the engine.
The velocity of the increese id performence ' (expressed os the gredient -of .thé
p_erformance—time cu:pve) could be teken as the direct ,me_astire of the tendency
for “residue formetion of the fuel under test (76). - Fig. 13 shovs thet. there

- is a certeln connection between’ the' results found in the BMA 132 oil test i
engiiie ‘end- those in- the present test method. 1t is most importent that
inversion of. the curves- is found at higher temperatures in both cages. ~ This
method which now offers .the messurement of piston temperatures (81) 'should _ " .
now be mede- %o register continuously snd the reproducibility be thus. improved.




.

For the determination of lubricating qualities seversl test-methods were
used.  Experiments were cerried out with the aim of spplying the instrument
developed by the PIR on bohalf of ths ‘DVL., %o the measurement of lubricating
qualities. Tuis met with & certain measure of success only when one sector.

. of *hs ravolving cast~iron plate (which hed been lapped very oxactlyiwas
- _coversd with the oil under test snd snother ome with the reference oil so
thet the contect pin moved slternstely in the two olls (41). = On the whole
the mossuring renge turned out to be insufficient in comprrison with the ;
© gseettering of results. pronouncomants on the differences batwaen lubricants, . |
couid thus be mede only with reservation. Tue instrument .is thus more use-— o
ful in the clessification of the constructionsl meterials. Tne waar at
various pressurss in the region below tho seizing 1imit wes measured by means
of & four-ball apparatus of particular construction for the region of greater
. losds (78); measurements wora mede.with four typicsl geer oils. The resulb
was different for each oil when the loed verizd: in the upper region the
results mgree with prmcéticel gassr oll tests (7¢) (fig. 14). Tie clessification
of the seme olls after 24} secs. seizing loe=d (rmothod of Brerlage) gives yot
another greding es does the determination of the welding point loed (methed
of Khenanie-Ossag end of the Heeresweffenamt ). Thus .for each method it is
necessary to find out to what prectical conditions it corresponds snd for what

. onses of loading inferonces may .be ellorefi. .

Fipures * -

Fig. 1 = I/gnition delays of B_enéene, Iso-octene and heptane eccording to Jost
E and Teilchmann. L . - ’ )
2 -~ Ignition delays of n-Heptane as & function of final compression temp—

. ersture (according to Scheuermeyer). . ——
- Pressure and temperature diegram with the ranges of sponteneous ignition
enterad in it (eccording to Teichmanng, - SRS T
~—S1mpliTisd plan of “oxygon—combination-detected in an eged oil.
~ ‘Sulphur' content end enti-wesr number of-a few-oils., ST
- The sxtent to which supercherging may be cerried with some aromstic com—
pounds if mixed with lemsd gesoline as e function of the boiling point
- (50% point). e i SRR o
Tosting of lubricents asccording to two different mathods.
Wear test of typical engine oils of equel viscosity. in the DVL four-

ball oil tost epparétus.
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According to previous metheds, one of the most lmpgr;ant
n

conditions for the polymerisetion of organic compounds :
the true sense of the word) 1§ either the precence of unsaturated
linkages or sles of unstable; easily broken up ring systema.

Thus {%.15 well known that ethyleme oxide, under the catalytie
aotion of Caustioc potash, trimethylemine, tin tetrachloride
and similar sudbstences, easily forms high-molacular products,

-so-g¢galled polyethyiene oxides. = Epichlorehydrine may also be

polymerised by dropping im concentrated hydrofiucric acid. .

On the other hend, the sutureted oyelic ethers, with five end

six membered rings. were hitherto ccneideraed tc be extremeiy

stable compounds which,like the aliphatic ethers, could de

broken up only bz very powerful agents, e.g.- by heating with

fuming hydrobromic acid, and are therefore umsultable for

polymerisation proper. : o o
I¢ has now been found ¢het contras to expectations thet .

taetrahydrofurane cen be converted saslly and at low temperatures

“into high-moleoular, partly visocus end partly zolid substangses.

the pokymerisation of tetrahydrofurans texes glace partlcularly
eaaily and smoothly under the influenve of tertlary oxonium ,

~selts of halogen acids, e.g. oxonlum sailts with the ions
BFy, 8bllg, Feliy or AlCls. 'These tertiary oxonjum salts may
easily be obtained aceording %o the provesacs deseribed by H.

. Meerwein ané his ccllaberators (Journ. pr. Chemi.2, 147, 287,
19275 : G. Wilifeng {Disgertdlon Marburg L93%): H. Gold, :
Dissertstion Marburg 1959 by the action of oxygen compounds,

e.g. othylsne oxido, on ths ethereal solutions of metallic and

nou-metaliis haleld etherates. ‘ ,

: - The gquentity of raertiary oxonlum salt regulred for the.
polymerisation of the tetrshydrefurane is very #rall. " In the
aase of the oxonium 'Balts of entimony chioride snd boron
fluoride it only amcuats o frdactionms of a Maél percent. .
The oxonium salts of Fferrie chioride. aluminium chioride and
tin chioride are 1lsss active. .

: in erder te carry out poiymeriseticonm, it 18 not necessary
to start with thes complated oxonium salts; the letter fan B8 -
produced by the aferementioned proosss ir a solution of
tatraliydrofurans . Thus for example boron fluoride mey be —————=
added to tetrahydrofurans in the proporticm of 1-2 mol percent
aad the sqilvalent amcunt of eplchlorhydrin added te ¢he
resulting solution. Folymerisation will cecur almost
‘immediately, which can be recognised by the cocurronce of
increase ig,xemperafurb and inoresasing viscomsity of the selution,
wiil set in. - 7 T : . .

N

A further method for abteining tertiary ozouium saits
sonsists, as was found, in the action of electrophile metal ..

|
R '




i haloids, e.g- SbCi. Fellsy of BF. on B i, £ o & halogen alkyd
" others or estars e?z./ tha, £ glchloréfog;tylée%har with
i ——————antimony-pentenrhtoride-furnts - eltent—orystalitne
: : oxonium salst: : ’ ' o P
S I - eBe-CE} 3
CiicHy) 0 jswzo

CLCHpy 4 0.CHg. CHp. CHp. CHeOL o SO,
| R

‘In order t¢ elfeot polymerisation, the isolation cf the tertiary
oxonium salts produced im accordancs with this equetion 1s mot
‘ROco8/ATY. Usually the metallio or pon-metellic halold is
dissclved in the halogen aikyl ather or ester, “and the mixture
of the reaction is allowed 10 atand for some vime untii the
tortlary oxcnium salt has formed, the.tetrabydrofurane ia then
.addad Polymerisation Zhen seote in at onoe. in ocertain cases
it is possible tc produce the tertiary oxonium salt by this
process direet in the tetrahydrofurans solution. .The alkyl
ethers halogenated "im the y end & positions and the alkyl
estars possess a slight wcnéanoy te foym tertiary axonium sults
and therefore have only a very wesk polymerising effect in .
the presence of elevitrophile metallic aﬁd”nonemet§llic haloeids.

'Regarding the mechani sm of‘tﬁé‘poljmeripiﬁg effect -of
the tertlary oxcnium salts, the following statoment, bassd on
arperiment, may bs mada: N L I

In the ¢ortiary ¢zonium selts, thé oxygen atom is very.. |
loosely held s¢ that in chemioccl reactioms 1?2 freguently behaves
as- a Treo alkyl fons, much 8¢ the hydrorcnium iom shows the
propertiss of the frae hydrogen iom. In ¢the action of tertiary

‘oxonium icns on excess tetrahydrofurens e new ogoniuvm jon is
formed, In whiech the Jiukdge between the oxygen atom and the
CBg gfoup is particularly locse according 7o the followlag
reaotion: o o .

';,”R R ,»CHE“QEB .—~ : sznm—as¢ . %
POReR] e 0 { .o ‘:R- L ; e
AR espes T He-CBg R

The oxenium iom thersfors behaves like the aiky: cation:

gy : ; S
' 3 QOuCHEngﬂ ~CR -CH.2 S ) :
If an eaplly polarised anion with the tendency to. attash 1tself

on, the C-atom %o form a homopolar compound 1ls present in the
reaction medium a neutral meleculs is formed by the ssizure of
¢hig enlon. This L8 ths case, for instance in the presence

of chiorins and hydroxyl ions when, as shown experimentally,

the compounds - : L \

2-"re

or

are prodused. .With the oxonium salts having anions which are -
difrioult to pularise, such a reaction with the tertiary oxonium

v
s
[ i

b




lonis does mot take place, or takes place slowly. The . .
. ;.- latter thus have the opportunity to Joim a tetrahydrofurane
» molecula, forming a new tertiary oxonlum fon as followings:
l b -.r- el CH '/CH; . .

Oﬁz-?li!e
. 0 I
' , }

RC ; !
~ 3
CHo-CH, }

I
.

L

' cng-.cg_{{f

|
‘ROHCHQ~CHzch2~CH2-Q\ i
Lo s 2 .’a P
. which now behaves in chemical reactions like an 2lkyl oation
-7 with the formula : . ‘ ’

. . . ] ©
RG(CEzi& OmCHa-Qﬁa—Gﬂz-Cﬂz

"Ihe reaction proceeds as desecribed until there are ordduced
- high molecular; linear polymerisation products of tetra-
, ~hydrefurane {iomnic chain reaction). The termination of
. the chain takeés place either by roaction with the easily
~polarisablé enions, which are sontained or are produced in
. smail quantities in the resction medium, or else by a "L
- digsoelation of the naturally unstable halogen ecid ione.
" - The more -stabls th¢ halogen acid ion; i.e. the more difficuit
- it is %¢ polarise, the longer wiil be %he reaction chain’'end
" " therefore the greater the molsoular weight of the produocts.

-of poiymerisation. . o

3 Xt has also besn found that-instead of the %tertiary
‘oxonium salts of halogen acids, generally speaking smy
compourds which have the ability to add ontc oxygenatad”
reempounds o form oxonlum salts may be used- for polymerising
the tetrdhydrorurangt“‘ These ineclude: -~ .

S 1. Alkyl fiuorides. B

. 2. Punotional derivatives of aliphutioc and aromatic —
oxygen compounds, with 1 mok aleohol and % mol of an orgaunin
1.or.inorganic acid, or 2 mol of similer or aifferent crganie
~or incrganic acids respectlively, such as for sxemple chloro-
methyi sther, dlchicrodimethylether, bemzal chloride, =+ ©
‘methylene glycol-methyl-ether-acetate, methylene glyvoi

1d1acaiata“ benzophenone chloride.

ooooS. Aeld halolds or acld uobydeides, such as ecetyl ..
chleride or fluoride; &uipic acld dlchiorids;’ beuzoyl chlorids,
-phthalic acid dichloride, thionyl chloride, suiphuryl. chloride
metheams~chiorosulphonate, benzol sulphuryl-chiorids,
phosphciusoxychloride, aceotic anhydride, succinie anhyaride,

phthaiic anhydride eto.:




’

N 4. Hydrolysable halogen compounds, whioh strictly

- speaking connot bhe termed geld 8, becauge the compounds
. produced. on thelr hydrolysis do nov possess +the pumber of

.~ ionisable H-atoms %o correspond to the hydrolysed halogen

- atome, e.g. 8pllp. 8Clp, PCly, VBrg, PCig, AsCls, Sbllg,

f:'81014v BClg, benzotrichloride,

© . 5. Acids with diffieulty polarizabie anions, such as
- perchloris aeid, chloresulphonic aeid,” fluorcsulphenie’ actd,
~* pyrosulphuric acid and the complex halogen acids, or mix*ures
of haldgen hydrides with electrophils metallis and nome.
" metellid haloids may be used. : ST

natlold

8. Esters of strong aclds having'ﬁha ability of adding
te tertiary.amines %o form gquaternary emmonium salts, '0.8-
dimethyl sulphats aryl sulphonic acid ester, alkyl rhodenide
and the 1ika. ‘ . . ) S

7. Diezonium haloids. — T '

: Vieh the foregoing polymerisation egeonts with the
‘Excoption of those mentioned. under 5, in general it is
nessgsary to have the simultaneous action of edditional
substences, which by forming complex compounds facilitate
‘the addition of the polymerising agent on the tetrahydrofurane
with the Yormation of oxonium salts ( of. H. Meerwein snd
Maler-Huser, §. pr. 154, 82.64), and at the same time enhance
.%hs stability of the aniom, which i1s essantial for polymerise

-ation. Such additiondl substances ara: slectrophiie metallio

.ard non-metallle halolds, such as boren fiucride, aluminium
chlorids, iron vhicride, anthmony pentachlorids, tib tétra-

—ohiorids, alsc sulphur trioxide and very strong acids such
as perchioric seld, ledioc aecid, sulphe scids, sulphuric acld.

’ JR—

: —Qf the meny possibis compounds which con be employed
- for pelymeriBing tetrahydrofuranve the foilawing will be give
'»»m~~as*ﬁﬁ&racte?’sv&e—axamples.~ - -

1.» Ethyl flucride-and borom flucride

o 2.~ Mona 'and dichloro-dimethyi ether, -~ chilorcethyl ether,
2.3 dichloro«?etrshydrorurance,methozy methyl escetate, o
-methylene glycol diacetate, benzal chiorids combined with

antimony pentashloride, irom chioride or aluminiud chlorids.

G.« Acetyl fluoride and bvorom Tiuncrids; acetyi chloriacs.
ox other alipnatic and aromatie carboxylie scid cshlorides cnd
- TerFie¢ chlowvide, aluminium chioride, tin tetrachloride
;zireonium tetrachloride or sulphur ¢ricxids; ascetie anhydrids,
vsuceinie aphydride or other anhydrides of organie carbexylic
3 togather with ferrie chleride or other halolds,

- perchlorie acid, icdic acid or sulpburie acid:; methama
“.chior-sulphonic acid, benzens chior-sulphenic acid, sulphuryl-
chicridae, or thionyl ascaloride together with feprio chiorids,
aluminium ohloride ste, or sulphur trioxids; FAGSpho rIs0Ky-

‘chieride snd iron chleride or. swiphur tricexide. :

4.= S3l3z, SClg,” PCiz, PBrs, PCls, Aslz, SBCis,
1y, BCly, beuzn trichloride in combinatiom with aatimony
.. 'pentachloride, ferric chloridae; atuminium chicride,

-1




6.~ Dimethyl sulphate, aryl auxphonio acla oater,
together with ferric chloride or sulphur trioxide- alxyl
. rhodanides and eulphur trioxlde. - .

.- Aryldiazonium chloride and ferélo chlcride.

Instead of using the compounds specified above, the

. process can be carried out im suoh a way that the active .
substances, i.e. the polymerising agents and additional
substences &rs produced iu the reaction mixture. For
example hydrochloric scid and 2.3-dichlorotetrahydrofurans
ares produced by the action of “small quantities of chlorine
or chlorinezing substances, such as N.-chloroacetanilide on .
tetrahydrofurane; Both substences are able to polymerise, —~
aleng with metallic haloids, the tetrahydrofurans acid
haleids and hydrochlorioc acid are easily-formed from thionyi-
‘chloride or other inorganic chlorine compounds and carboxylic
acids. Both the reaction products are. polymerlising agents.
From benzyl chloride under ¢he influence of metal haloids.

~ one cen obtain resins and free hydrochloric acld. If this

" reaction tekes place ipn the presence of tetrahydrofurane the
hydrochloric acld together with the metallic haioid offecis
the poiymérisation. PyrosuI{ uric acid may be- produaad
asing sulphur tricxide and sulphuric aoid» 3

The_| robable_zeaciion process. o£«$he“polymeriaatlon

o will be axplained by means ofa rew examplas,

Qhe poiymerising agsnt first rorme, in conjunsiipn with
——-———————*hs“aﬁﬁtfta‘h1 Substance & tertiary oxonium salt with tetrs- -
bydrofurane. which reacts in & similar way tc tThe formiize
on pages 2 4 with further molecules of tetrahydrofurane to -
form high molecular w ights lineay polymerisstion productsr
¥or instance, when using the varisus polymerising agents and
. addition” agen?s, th following terhiary o:onium salts are
Awobzainedawrw» e

o Pelymerising - Admix?ure Qertgggg*ozoniumssali -:
- -agemt ) ] 7' Cag on omg ox apfom .
CHsF By | ,fCEz~CHéW TBRG T
cag-migj
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»7 7 IY strong seids end halogen aclds are used as .
pelyerigation egents (Case 5), the primary produst of the
veaction is'a secordary exonium salt, whioh first reacta SR

S'with a sBscond tetraliydrofurans molecule fo Torn & tertiary
cxceniwm salt. - In pelymerisation. with scid sshydridey. e.g..
acetles aphydride; it is doubtful whether they act im ail .

" aasss as such, or ‘waelher they reack with part «f the metallis
er non-metdllic halicids to form acyl haloids, X% is like-
wise uncertain whether. ia using acid anhydrides in the .prea-~
enoe of strong aclds, the complex dompowmds formed Irom the -




’
s

v two oompcu-W?a ‘oyr the mized anhydrides of  the acids ueed
from the actusl polymerisation agent. {cf. Bergmann and

O |, Redt, Bor. 54 1652, 1921).

[
. . Pinslly, the eleo?rophile metellic and non-metallio
helolids aise have & polymerising effeot. to some extent,
on ths totrahydrofurans. In the case of the antimony
pentachloride the polymerising action. vekes place with the
sae Portiary oxonjum salts. In other cases, o.g- boron
fluorids and tin_tetrachlorjde, sthe action is slight. It
*wag Tound that ¢hese  can be considarably increased by using
mit%gres of ha:.oidsr By way -of suitable mixtures, we may
‘mentions - - D

Aluminium chlorlde ¢in tetrachloride

,1ren Chloride = - Titaniuwm tetrachloride
Lron Chlorlde . Zirconium tetrach’oride -
Iron Chloride fj Zine chlerids. '

o g
- Poaymcrisntion ‘with the aid of elecurophi¢e retallic
andnon-metal ice halcids, alone or mixed together, would have
. te be formuleted by assvming the production of Tertiary
oxchium selts from ethylene oxides end metallic aad aon-
.metallic helolid ehherat.esD as follows:

bd -aUH L ' ,CH,-CH ‘ .
e 2@ . sbczs,,,. I —

: & @08 5-Ch
: mssb - 0 40}1234 o/ 2 i®
_ ca2=cu2

, R
' ~CH,-CH . cE-cE

E Fecla""dﬂ 2 3 2¢ ,mla‘Ce-e Q\ _‘2 ; a

_ -'cazncgz LB CpetiHy

P . : ;ca a@ﬂaf“
; '“E.Z.nsu=imzj 4= 0 ,

: CH .aﬂ,""-o
In the foregoing sestions we have dealt exclusively
‘with the polymerlsatics of tetrahydrofurans. Acgording
‘to & mothed ‘to be deseribed below, the polymerisstion of:

Crad ranydrofurams is earried out with the catelysts described
Ciebeve in the prosemes of 1.2 oxygen -cempounds., It was T v~
“ghen found that mixed polymerisates: of tabrahjarafurane and *
1.2 oxygen . compounds ware obtalned. Suitablu 2»oxyo- :

compoun ds ave, oy example:

o Rthyiene oxide ) L Epichlorohydrine
1.2-propylene oxide ° . A~phenoXy-2, 3-propeng ozida
alpha or beta buty‘eme exids Butadieny dicxidae

- : Resorcin»bis glyoid ethar and othars.




For the preperation of the mixed polymerlsaten *he.
polymerising egents described above for tetrahydroiurane
Do ymerisatfon way be ueed. X% i a great advancage to
-gee that- one of the ditrioultly deformuble halogen acid

<:nions Bi#g, FeCl, or Bbcle is fbrmed 1n the reaction mix-
ure. . .

It was also found that in 1ts behavlour to polymerisu'
" atior agents, trimethylene ¢wide {1:%-propylene oxide)
comes between ethylene "xide and tetrahydrcfurane.. Xt
polymerises by 1itself, but not so powerfully-es ethylene
gﬁide and it produces ‘mixed polymerisates with tetrahydro»
rans. )

. AB will bg secn rrom the foregoing, there ars meny . |
poseibilities of polymerising tetrahydrofurape aions or.in
combination with 1.2 or 1.3 oxy%em componnds. Iz the
following explenation and description of the reaction
~.eoriditions for the sake of simplileiiy, only <he polymeris-
“ation of. tetvahydrofurane is discussed the same rsmarkes
elsec apply in a similar mapner to mixed polymerisation.

_The progress ol polymerisation will be recvognlsed’
‘externally by the. 1ncreasin§ viscoslty. of the reactlion
-mixture. - The final state s reached im hours or days

secording to the composition of the reavtaon mixture-

P olymerisation of botrahydrofurane is in soms caees
reversible, and always when electrophlile metallic or non- '
“metallic haicids are used as the poiymerising sgent or
addition substancs. IR thess cases it would appear thet
the polymerlsation brings about equilibrium between tetya-
hydrcfurane and ths polymerisats, whioh in working without
diluents lies at about 70-8C% poiymerisaetien. - If the
equilibrium 18 interfered with by the poiymerisate
orystailising out, the reaction may produse & yleid of
95% polymerisate. The reversibiilty of pckymsrisation
alsge mecensitates dastruotion oy removal of the polymerlsing
agan? and the addlzion substence fyom thy palymerisate in .
order to obtaln stablsa: pclymerisatesr e

If srspared oxonium salts or other polmer*aing agante
which can take affeet at once without admixturs, g
chlorosuloh@nic acid ‘are used for indloting polymer zatlon,
the epeed and: degres of polymerieation are dependent on .
the quantity of catalyst used. If a polyme"ising agen?t
and-an addition substamce are ussd for poiymerising the .
tetrabydrofurene the speed of poliymerisation will be deter~
mined by ths typo and quantity of the addition substance,
while thy dagree of polymerisation depends on the ouantity
¢l the peiymerising agent. Indeed, if an sxosss.of poly=-
‘mori sing. egent 1s used comparsd with the adaition substence
thers will oceur botk & premuture termination of the poly-
merigaticn chajins and,a dreakdown of the poiymerisate -
alreaay formed, owiug t0 the reversibility of poiymerisation

~and aisc parcly‘owing to “the ether splitting ‘effect of the
ooiyme“ising aganr ch, MaarweinnMaier Rﬂser &, pra 154 . Bi -

i . .
o ~




, et 89qq.) . = Thus, when palymerisatlon is’ ccmplete the

- degree of polymerisation oan be reduced by adding sufficlent
polymerising agen? end the same final product. obtuined as
would be formed, if polymerisation had been etarzod with
large emounts of polymerisation agent.

-~ Conditions of polymeriaation may vary within wide 11m1ta ”
as regards temperature end pressure. --8ince the stadility :
of the anions deoreased with rising temperature, raising the
temperature should only be resorted to for increasing the
Bpeed of reaction in the ‘case of the relatively stable anioms.’
For oxemple, tho polymerisation of tetrahydrofurane wjth-
acetic anhydride in the presence of BFzor ?eCl at 90 in aen
autoclave takes place in very muoch sho?tor time® than at room
temperaturs. The use of diluents may be of adventage in
order to moderate too violent e polymerisation or for the
manufacture of polymerisates with high molecular wetghtn

According to the reac?ion mecheni sm - explained aboveﬁ
-the polymerisation products obtained are not, strictiy -
speaking, te be regarded as true polymers of tetrahydrclarans.
with the composition €C§£30)n Thoy tend to have the
following general Tormu "

e X (Cﬂgaq,oj (CBgD40]n {CHpj 4¥ -

in which the nature of the end groups X and Y. depends on the.
polymerising agents used and the secondary chenges that may

teke pisca during preparation €sapon1fication cf éster groups, - S
vp‘i“ting off of sulphe groups ato. } ‘ )

. In the ease of produets of lower molecnlar welght

. produced by large amounts of polymeriaing aegent , ~the nature

Gf the-end groupb may have & deolsive Influence on the physlcal .
and chemiosl properﬁies of the" polgmerisation producfs obtained. -

. Zhus, for example‘ the produet with the formula’

cl(cnz 40 [TUCHRY40 7y { CHg) 40 saamn/am

which hes & Low melecular welght and is produced by the
poimerisation of the tetrahydenfurase with chlorc-sulphonio
aeld, 18 emsily scluble in water owing to ¢he_ final sulpho
group, whereas the product with a high molecular weight
prodused with aismell quentity of chloro- o flunrovsuIBhonia
acid is no?% soiuble, in water, but ig soluble in benzene-

. The mo;ecu’ar structure of the. pure te?ranydrorurane
4“,polymer;sates in the form of unbranched cheins, enabies the
melacules gc assuma a parallel arrangement, s¢ that. the
products which ars oily and viscous %o beging with, gemerally
“erystaliise” and become solid on standing. The speed- ot
crystali%sa*ion is, however, low, and 4he -softeningpoing
. beiow 6C The products are soluble in aromatic hydro- . _
carbons, a iphatic echiorolnated-hydro-carbons,-in many evhars,
@s26rs and ketonss but are aifficultiy soiuble in alipshatice
. and CYCIualiOhabiv bydrocarbonse Solubility decreasas with
inc*easing meleouiar welght.. : )
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- 7 Produsts with low molsecular welghts remain licuid et
- . rgom temperatures. N R Do

S Thelr consistency in the solld st-te 1s, in the case e
of products of medium molecular weight, like that ol :

. vaseline or wax. apnd in those of high moleculer welght, mors
vigoous and hoTuy. ) . ' '

. In the. osse of the mixzxed polymerlsates from tetrehydro-
Yurene and ethyleme oxlde derivetives the solidifylng point
13 reduced.  The mixed polymerisates are. chiefly clls. . .
- They. show simiiar solubility properties to the pure tetra-
hydrofurene poliymerisates, but their solubility in ‘aliphutisc
. and oyoloeliphatic hydrocarbons with 1lnoreasing oxygen content
38 atill loss then 1n‘ths—uﬁsetpf the pure tetrahydrofurene o
~ polymerisates. ;With mixed polymerisates from ?qtrahydrofuraneﬂﬂc
" evhylens oxidae; with inoreasing ethylene oxide proportion
wator solubls  polymerisates ere obtained exclusively.
_;uixndmpolymer;sates'containtngmpoiymerised vompounds having
“geveral ethylene oxide groups such as butadiene dioxide ox
resovreiin-bis-glyeld ether, are cross linked.- They are not
-soiluble im organlc :sclvents and have lost their plasticliy.

C ine "parts” given in the followlng exumples are.purts
© by weights - _ . I s ] o

_Exemple d: . 'v S L .
- In 43.2 parts of tetrahydrofurane—{0=6-—molki—were-dig~ . _
soived .38 parts triethyl-oxqg;gm—bnzdmzilgggidﬁ,(0-602 Mol! .
and the temperaturs was kept down e about 1C%py water-cooling;
after 5 hours the mass beoceme-s_viscous fluid.  After 24
© - nours-it was treated with water end amall emounts of unchenged
" tetpahydrefurane were removed off by steam distiilation-- -#Ahe
water was decanted from the s0lid ma:s obtained after cooling .
end the product was dried at 110°, " Afger cooling 1T formed
an elmost colourless; solid, .rather herd mass. By a similar
process, from 72 parts tetrahydrofirane by the action of 6
parts triethyloxonium totrachloroferriate, a very thick-oil :
wae obtained whish is siow in solidlifying; on treatment with 1
pert triethyloxonium nexachlovosmtimoniate, an aimost colour- —
igss; hard reaction product was obtainsd with about 854 yleld.. -

Exewpie 2

. ..1.8 parts irom chloride were digsolved in 2 partsd - o

- ¢hlorobuty: scetats, the solution was allowad to stemd foxr .

' 24 houvs ami then 7.2 parts tebrehydrofurane were udded. :

.. After 4 deys, the reection mixture was stsam distilled with
the admixture of concentrated tertaric acid; amd the poly-

~merisate, which separated ou% as & solld in ke distillation
mesldus was isolatsed. Yield: § parts-of a ®'id, slightly
yellowish product. R : ‘ o .

™ 8

. Similariy from 3.2 parte ircn chleride, 10 parts I+
aiehiorodiputyl- ether and.29.8 peris tetrahydrofurane 8 -

© parts of @ thick, browmlsh oll were obtained, which soiidified
“quickly on cooling. _ ] S . o

/




Exampls 3.

To. 43.2 . parts tetrahydrofurane {U.8 mol] were added |
- 0.85 parts of ‘the horgp~fivoride sompound of tetrehydrofurane
Thodling point L4 ¥LY and O.58 parts spiehiorehydrine
{0.0G8 mal}. The mixture was Phen treated ag désceribed in
" Bxampie I and reacticn produc? aud yleld wers abuu? the  same
es in rhat exampiav v

Instead of 0. 55 par:s epichlorahydrinen equivalen?
amounts of ethylens oxide, propylens oxids, butylens oxide,
. eyclchexene oxide, phenoxypropens oxide vy dodecylphenoxye-
prap Bns oxide may be used with sinilar resulis.

Example 4. B

In 72 parts te%rahyarofnrena 2. 66 parts uluninidm T
_chleride were dissoived and 1:85 epichlerohydrine added; the

" whale was meenwhils cooled. After B4 hours, this was treated

with diluts tartariec ameig, The residuvsal po;ymerasation
product fermed a coxaurless rather thin oiil, which 'on belng
allowed t¢ stand; paﬁ?ly aolidigied amd fTormed crystais

; Exaqg;e 5, ' o . —

A mixture cf 7 parts tatrahydrufurane and LdB parta
s7hylene oxids was allowed to drop into & mizutre of 45 parts
ecarbon tetrachlioride end 3 parts of the borcn fiucrids’
sompcund of the -tetrahydrofurane. ghile thig was being done,
_the temperature was kept. to 53-80 by ‘efficlent cooiing.
apparetus was Titted with a roflux comdenser, sc that no
_ethylenie oxids could esseape. - Durazion of dropg}mg prosess: .-
1 hours. The veaction mixture was kept for 4 hours at
50-60%  ¢henm 1t was diluted with 45Q parts sarbom te?racnlcride
and neutralised with siaked lims. After filtering the
Bolvent was distilied away, end the vesidue was than dried
for 2 hours at 15C% in e vaounn. 160 parts of a siightly
brownish oil, miscibie in any proportion with celd water
were ob?ained. - . . e

.. By uelng: instaad of the foregoing mix?n@Q af 72 perts
tetrehydrofurane 132 parts éthylione oxids a mizhize of .
108 parts tetrabydrofuraps and S8 parts ethyiene oxide the .
meth6d awployed. veing the same; 174 parts o¥f & ve*y\viscous

fluid oii, miscible with cold water were chtained. . e

-¥n iike menwer, ffSﬁ a mixture of 108 narhs tetrahydro-
furans and 78 parts 2¢  Bheoxydopropylorybenzen: under the
agtica of & Darts e %imcuy pentachloride; & viacaus;_
polyubasrate was mbtaineu in & y*a*d af 151 pRris.

Te & resctlion m*tcvre of 72 parts berwahvdrofuranep
2.9 par?s of the boron fiuorids. compound of tetrahydrofurans
and «2iparia apichlorohydrine, after poliymerisation had set
A & amd ths mixture had become viscous, & seiution of 1L.35
par%m i 5aD1«v2“ 5“~oxydopropyl}ﬁqubenzene snd 72 par%a
‘ . A\




tetrahydrofurans were added end & stick ; rubberaid
polymerisate, was obtained which at f1~s? wag rrans;arent
but after standing for some tims: becamu opa1“e Ia. this

wauE, AT ll TOr ‘] g

orushed st.te with cold soda lye in crdor to dissolva

cut the cetalyst and neutraliee the acld’ produced from it
- during hydroxysisa .

By the ac?}on of0 23 ‘parts of ’he add1UAcn wampound
‘of berem flsoride end tetrshydrofurane on 0 parts .
tutadiens dioxids and L0 parts tetrahydrcfurane a nard |
glassy mixed polymsrisate was obtaimed. By working under
conditions which were otherwiss the seme, with a mixature °
of 2.5 parts outadiens dioxids and 4% .3 gawts tetyahydros"
furane & viscous mass “hat beﬂcmes solid oo atanding .
"was obtained.

S Oily mi"ed po;ymerisaues of te»rahydrofurana amd
propylene oxide, s.g: in the-rutie B @ X, «an be produved

mery adventageous,y by repliacing rirst of BLll L part

tetrahydrofurane with C.4 pards iren chlioride,. then G .
parts thienyl chileride, adding at the samp tim@ 7 pe*?s .

- thionyl chicride and & mixture of B4 paris retrabydrafurane
~-and 7 parts propylens oxide, “hs whoie baing u lowod e
. react for 48 heurs-

e

_ Zzempls ¢ R .

. e parrs Tetrahydrcfurane wers mixﬁa”urda* £00.
‘ccnditione with 2.99 parts _entimony pentachlorida. The
temperature was kept at 257, - After half as hour the .
‘ME &S bename thick. Af?er 24 hours {7 wes treated as in .-

" Bxemple I- 57 paris of a hard, colourless polymeripetion
producr wewe cbtainaa ' . T

- Exzen g1a ¥ ST R

288 par%s tstrahydrofurane =~ were mixud with 2% parts
aluminium chiorids amd 26 parts tin +teitrachioride. o .
- the course ol za hauys noe po.ymerisation wes par sestibie.
162 parts ¢ frop chisride were addgd. Fﬁ*yms"’bctiou
at once ae“ in end was recoghised by the heat tons
{Whrmettnung! and insreusing viscosity. Aften € days
4¢ was diluted with toiuwol and treutad as waual W78 herte
of & s0ii{d polymerisete were obteined. Iz the furegsing .
mixture, there &an be used with The Same SUCeess 48
'~ataayst “a mixture of Le.2 parts iran shisride o 38 paw 28
tftanium tetrachiorids of 16.2 parts lren chiaride ¥ 28
“parts zireonium tetrashlorida or B4 nErts Lren cb,or;ne
sl BT B pgrtsvzinc,chlaride- .

Exache &

- 9 parts *etrahydrofurane were encicsed in an mnvoule
with L part cf the borem fidoride compound of the f@thf.
hydrrrurame and ¢.7 parts S -fluorobutyi~ethyl ether. . - &

§ hours The contents of the tube Siready: showad the T

o . . -
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" consistency of glycerinme. After 12 hours the product was
ALY or | ugual sreatment, 7 parts solid lymerisate

were obtained. | : ,
‘ i: instead cf 0.7 bartsﬁtlquobutylethyl ethér, l'part',
of fluorc-ether of the following formula 1s used: :

r.?aa.cné,an, Oﬂz. 0. CHy,- QKEaCHBH.CEg.O‘,CHa.GBs

‘.the’ytgld will amount ¢o 7.5 parts solld polymerisate.-

"ggam iy 9 H . S |

E . 344 parts tetahydrofurane wore mized with 8.1 parts iron
chicride and 8.1 parts monochlorodimethyiether. . After 2 days
the mixture was decomposed with water and sode, the unchanged

tetrahydrofurene and water were filtered off and alstilled.
Lghq_yie;d;gmounted to 108 parsis ot an ofly polymerisate.

- - oo9i¢h 48.8 parts monodhlorodlmethylether and 8.1. part
“iren chloride, 135 parts of & thia oil'ware obtained. e
In like mannor tetrashydrofurans may-be polmerlsed by-
iron ohloride and 2.B5~dichlorotetrahydrcfurane; the lat
- can beproduced in the reaction mixture 1tself by the .
-addition of chlorine or by the action of chlorine donors,
.such as N-chleracetamide. ‘ . : o
- The same applies to mixed ‘polymerisation. -~ Thuy from
5246 parta tetrahydrofurane eand 185 parts epleblorhydyine,
by . ¢the actior of 16-2 parts irom chloride and”"8.1 parts
' mongohlorodimethyiether, 297 parts of an ¢ily mixed poly- " -
"~ merisate were abtained.. Io e similar way end with the aid
of the mseme vatalysts mixed polymerisates wers obtained from
 tetrahydroiurans and sthylene oxide. - Here the iron chloride
- may be repleced by antimony-pentachloride. e o

288 parts tetrabydrofuraps were mixed with 16.3 parts
ivon ehloridé and 8L parts methylenegiycol methylether -
. anetato. . After a period or reaction lasting 8 days-at the
Bormel temperature, it was treated in the usubl way, 147

_parte of a solld polymerisate were cbtdined. o

E In like mannmer a reaction mixture of 144 parts tetre-
I nydrofurans 18.3 parts iron ohloride end 27 paris methylene
glycol diacetate gave, s yield of 73 parts. - When insiead
of the methyleng glycol dlecetatse, B52.8 parts bemzal chloride
wore used, @ polymerisation yleld of 97 parze was cbtalneds

- Thege admixtures may lilkowise bs uged successfully for
the mixed pdl{merisation, for instande, 72 parts %etrahydro-
furane were mixed with 28 parts iron chloride and 27 parts,

“wmethylene glycol: diacetata, and after 2 hours a mixture of
- 144 parts tetrahydrofurang 58 paris propylene oxlde and 27
- .partp methylene giycol diacetate were added at & temperaiure
ot 20%  an ofiy polymerisete was cbteined- el




Exemplo 1 . :
© - 72 parts petrahydrofurane were mixed with ¢.5.parts
acetyl chloride and 8 parts Iron chloride. Arter 4 days
this was treated in the usual way. The polymerlisation

' produet was a slowly solidifying oil, '~ The yield was ' |

. about 60 parts = 79% in reletion to the original materials

(472 paris » 4.5 pari¢s}.” When benzoyl chloride was used

-~ 1p place of mcotyl chioride, 77% was obtained, and with
benzol-selpho-chloride, 63.5%. . S

. In the above mixture, the iron chloride may be Te-
placed with oqual success by €.6.parts aluminium chloride.

. -Purtherdore, the following may be used as oatalysts

admixtures: aluminium chloride ¢+ adipic aclid.chloride,

< the bdoro~flusroe-compound of tetrahydrofurans. ¢ acetyl:
fluoride, sulphur trioxiue ¢ bemzoyl chioride, sulpbu?.
trioxide + phosgen Ifi & method of eppiying the latter:

- ecass B¢ parts of tetreshydrofurais were mixed with a solution
oT 172 paris sulphur trioxide im 7.7 parts carbon tetra-

_zhloride. The swo latter substances reeted and formed .
phosgene, and the catalyst mixture was produced’ from—phoegene
and sulphur trioxide- -A solig, eolcuvrless polymerisate
was cbtalined. ‘ S - : - o

‘A mixture of 72 parts tetrahydrofursne with 5.8 parte . ..

acectlic acid was treated with 7 2 parts perchloxie aeid - . N

{704} for a period of reactionm lasting .7 days st normal

_ temperature, and them worked up in the uswal manner. The
polymerisate amourted to B54.5 parts. : «

) Ths perchioric acld may alec be produced in the - -
. reaction mixture from.sodium perchlorate and saliphuric acid .
.- 'or bengens sulphonic acid. ‘Instead of pershloxic acid,
i0dis acid may also ba used. - v L S
. When 728 paris tetrehydrofuranc were mixed with 2 parts
", magetic anhydride amd 0.7 parts perchlorls acld, a polymerisate
was obtained with an essentially higher moleoular weight in
a yield of 47 parts, which s911d1f¥ed to foym a vispous,
nRoYDy ,mass. S C o : L

. . When~on the other hand largs quactities of acstie -
" puhydride were used.in the said mixture, e.g. 4L parts with
3.2 parts perchlceric scid 1704}, oily polymerisates were.
obralned: Cther acid ‘aphydrides may be used instead of :
agetic aphydride with equal suwtess; e.8&- propionic enhydride,
venzol ¢ anhydride, succinic anhydride, maieic anhydride end -
phthalic anhydride. - e o . ' ~
Furthereore;  the following edmixturss have been 1sed
a8fyily in place of perchioric aclds antimoeny pentachlioride,

'
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iron chloride and boron fluoflde, . Mixed polymerlsatee
may alsc ba produced with these catalysts, for instance,
162 par%s tebrahydrcfurane wore mixed with 34 6 parts

: : g y-penta
then a mixture of 2160 parts tetrahydrofurana and 440
Rarts ethyleno oxide wag added.” A further 1734 parts
¢f acetic anhydride were then added ﬂha reaction produot
was & thinm oil. W :

,
.

)

-

Eyamg;e ;3 : 7 e

: 5.5 par?s ace.yl chloride’were mixed with 6. 1, parts.
scdium perechiorats and mixsd daring cooilng with 72 parts
teotrahydeo furans. After S hours the reaction mixture
became viscous.  AfTer 2 days it was ‘treated end the
polymsrisate was isolated im & yield of Teh -

Exampia 4

AT

. 720 ‘parts tetrahydrofurame 238 parts thionyl ch;oriéa
,and €75 parts irop, ehioride wére allicwed to stand for three
deys a7 the hormal femperature. 660G parts of an olly,
seiphur fres polymerisate we?e obtelned. By adopting a -
—nigher-reaction tsmperature lo.g:€0°) | the time of the
r@a Tion may b @ﬂnsiuerably curtailed '

Whet in the abeve mixture 800 par?s thaany. cb*oride
were used and the whols was allowed to completethe- reaction
?Ve? 6 deys at 3 theie. were obtainec”10¢S5 parts ef &
TVimpid. liguig pa*ymerisaueb consipting mainly of dichlioro-
dlhg_yAsrhﬂnﬁ.amﬁ*ﬁand_as_byapxnduc;a_dicn annhnlana_and -
tr*mer»dich orne?har o ‘

A in the casa ‘of iron chioTide, suiphur trioxide makea,
a goed additionm. substance to thionyl chloride ‘Mixt .
—of phcspnorva cxych;o*ida may also be ueed

l:
-4

The f@&$nwing.is & dsseripticn of & suitable method for -
‘continucua opsrasion. which permits of & a Yargs product ion i
smeli reaction chambsrs. - The ratahys¢s Lsed may uf course -

‘bs “apaaﬂad by athers : o .

: The process was. warried out inthiree vesseis {A B and’
Ch. Vesasi A contsainad a catalyst solutlon aans*ating of
. 288 parts tetrahydrofurane 97 parts iron ohicride and 66
- Fayts -chicromethyl -ether. - Vesssl 8 contained a mixture -
of 20318 parts Te:~ahydr@furana 2% parts ethyisvne oxide
and 7¢4 paprts chicrametnyle%herh; The twe wessels A and B
©were eonpesied. with the actual ‘reaction wessel L, whioh had
'8 crps 14ty of 1500 voiumetrie parts by ran in d°viees‘
Tvessel had a4 bottom outlet. Jrer the Teadtlon veszsel
L was phiérgsd- mikﬁ 152 parte of the catalye? soiudion "Prom”
\usssm &, about L0060 neets wers edded Ffrom Vessel B with
vigoreus stirring sad steady cooliugL 8¢ -that tsmperature of
the reaction was kept at 20-25° - 5@ parts of the resctionm |
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product . ware then yun off through the drain cook (lsf
running); 35 parts were added from Vessel A end a further
600 parts of the mixture were run.in from Vesseli B, :
A PUTtHer 500 parts of the Yyedaction product were-ran off
“{2nd ruaningj. After the addition of 35 parts_catalyst
solution, polymerisation was repeated amd so on. The

; quentitles desceribed will furnish 8 rumnings, whioh were
worked up Individvwally aftar 5 days- The yisids and
properties of the wﬂly ra?ha* limpid 1igquid, pﬂlymerisates
ars: the same,

The. reaction wassel may also be Titted.with an overnf
flow, and the raac?ion product may be alloewed %o yun orf
con?inuoualy; N .

Exdﬁﬂ_‘ﬂ _...6 ” . ' . . oL “‘-\ ‘

- 288 parts tetvahydrofurane—were mixed with '16.2 parts
iron ohloridse and 12 parts borem chioricde with good cooling .
P mﬁymewisa*ion at-once set im with powsrful heat toning
!Warmebonungb By oooiing The semperature was kep? below.
25° A feerx stamding foxr two days at the woimsl tempora-
turﬁ and after the usual irestment 185 paris 1 64 .3 of 3.

~%he griginal sabstances) of an oily no¢ymer4sate were '
QManm

"he prOcess zen be carried out similarly with mixtures
of iron chldride and arsenic $richloride, izonm chioride and
~aip hup mose-chloride, iron chioride ana gaiphur dichlorids,
iron ehioride and silicon tetrachloride, iren shioride and
?3EE'E°tfach1mride or aiuminium chicride and siiicon tet
chiowride, .

it mix?uras,oi irom chloride and phasphar“s trichlorﬂde

8T 80d-An-the-provesawith-alkaling. trestment. anhyuﬁcua

polymerisates may be obtelned, which may te regarded zs

moncesters of the phosphoric acid. Thus the reaction

mixiure of TR0 parts tetvrahydrefurans, 16.2 parts iron -

‘shioride sud 137.5 parts phosphorus trichioride produced &

yield of 443 par?s of awp. anhydrous preduct, mh‘ch cculﬁ

gasily be separsisd from the aguacus: salut ﬁons : PO

Exaqgggm;i‘?*
©.. P88 parts »e%x hvarofurane wore.mixed with 28 .4 par?s )

l=chioromercapto-2.4. 8« trichicrobenzel and: 16.2 parts. Lron

‘ehioride, After s?anding for 2 days, it was trsated in .

- tha wusual way. Solid polymerisa?a yield’ 209 parts,

ni;ar¢yg a reac%iom mlxture @f 144 partq cetrahydrc-
?urana 7.8 parts bemzo~trichicride and 19.5 perts iren o
chlor de gava a sglid polymerisate im a yleld: mf 82 parts..,

Exg_g]e i8.

; Te a mixaure of - 720 par 3 ?etrahydr@furant and 720 '
parts shicrcform, 184 paris chlora- sulphag ¢ acid were
added in 2 MNGT 65 8L Y %@wp@ma%u:e of 10 The empe"ature

. P .




. N s B
Le88—10-88% —ys—whntawas alloved to stemd for a day at.
the normal temperature. The reaction mixture was ‘then: .
allowed tc flow inte the prepared diinted sode iye. 4,
stirring il ¢he %ime, Ike ranotion was kept ‘falntiy =~ .
alkalinef . The gchliorotorm end unchanged'tetrahydrorurane -
- were’ expglisd by means of stean., Thers remaineda .
clear, agueous solutlion, oonteining 544 of thewlginal tetera.
hydrofurans ig the polymerises state. . The reaction L

pfcduc*_was-nalted out. .

e

o If the opuration is ecarried ou} withoun dilution angd:
~with ehloroform, the addition of chloro-sulphonic aold . . -
should take place over s much longer time. It és profey-

-ablein sueh emses to Keep the temperature at 20 R L -

Exampls 19

. Ty 5 parts by voiume of fuming sulphuric acid {454
S5z content! whioh dved beem cogled te =207 g parts or
tutrehydrofurane conled 1o ~10% were saded with constent
stirring end the mixture was stirred whils cooling until
the Tuming suiphurie acld was oorppletqlsy fi8s50lvad. The
cloar,  yellow solution was allowed to dtamd for 12 hours
in the cocling mixtury and 8 days at room temparature.

It was then mlxed with water end the unchanged tstrahydro-

‘ furaue‘waé“distiiled,away from the strongly Tfobming sclution
The pelymerisation.producT was separated, and the, aguecus e

| solution extrac}ed,withTmethylgmé ehlaride: After drying:
‘aud‘rqmovius the methylene ehloride by distiliing, 4%parts ..
polymerisation-prﬁductaweze obtalined in ¢he form of a - -
yellow oil, which after a Pew days'solidified 6 -form a
wa WASS - : . e ,:. L N . Lo Lt
Exampls 20, .

A selution of 1.8 parts gaseous hydrochloric acid . ia -
72 paris tetrabydrofurans waxg mized with 8 parts forrio -
~ighioride. - Polymerisation .8% ongde set ik, and was
" .inaisated by the rise in. temperaturs and the ineraasing
vissosity of ¢the' sslution. After 2 days, uwhchanged teltrae
hydrofurans was blown off with steam ang the pon-<volatile
,pblyma:isation‘p?oduc%, 8 slowly solldifying brownish oi;
vas isolated in the usual vay. = Yleld: 48 parts = 874 -

Py .
R . K =

i

of theory.

& 8imilér posuir was obtained by unsing hydrochioria
acid andeﬂmmﬁnium,@hloride- . Tho‘polyme:isaticn product
wes 1dauid. ) S S LT .

- i

v
v

- ooIn 3he mbove veaetlon mixture, -the hydroshiorle acid -
may .be raplaced with -equal success by 12.8:papta benzyl

< ehloride or 17 parts benzyl bromideﬁirespec%1Vely from
which haldgen hydiride is releassd by the action of the iren -

B

v
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Example 21. e : _
. - . . 2

72 parts tetrahydrofurane wWore mixed wity 11.2 parts
dimethyijbukphate;and 2.8 parts of the boron-flucrids
eompéund of tetrahydrofurane., .The thickly riuid reaction
mixture wag t{reuatod.after 12 daya‘byfhdding 8Xc0ess diluted
30da lye with stmanm. - The polymerisete becamd. gelid on

- ~eoeling ine;dt - 43 parts of a colourliess sglig. /

., When £ive times the amount ofidfmezhylwsulﬁhéﬁé were
used‘(ss_par%SE‘ the mixturs and' method bsing otherwiss
the same, a;glycerineulikec fluid polymerisate. was 9btalpéd.

A similar effect was obtained with mixtures of toluene
suiphende aedd methylester and iron ohloride, or methyl :
~rhedanide ang iren chloxide. .. Mixed polymoerisates wers go.
made with these catalysts, first of all,by,aEIOWing.e;g,
180 par:gs tetrahydrofurens Lo react fov 2 hours on £¢
par?s_ironuchlarxde~and &7 parts dimethys sulpheie, :
SaL8ing-a wixturs of 1080 parts tetpahydrarurans'anppgrtb
Propyletie oxide ana 240 parts dimethyl Bulphate at 309
L300 parts ¢f an eliy polymarigate wera obtmined - ‘
7 Simiyariy. sulphur trioxide lends 1tself ue en admiz.
Ture for the polymerisation of the tetr&hydrofﬁnﬂnehy mean s
'of‘zhe'astersvor strorg acids such as dimethyl-su;phetev -

Exampigz 22 o w

o he mixture wag
: vire
v.and treate' ag

parts of an oily poiymer-

- " Whem instsad of the boron-fiuoride compound; i pape
1 by volumg of g 0% agueous perohlaris scid were used; l¢c
PATT Y of Qi1y polymerieata_were obtained, C : e

R Whanvinstééd'cf ths boron~fluoride compound
pufe. sulphuric aeig were used, a yielad of 53 part
merisets was obtained. . . o o -

v

=y,

' Example 23, R

ST 144 parts tetrabydrofutane were mixed with &5 parts

“- beénzene diezonlum Shloride-zino shloride double. salt and )
i&.2 parts lron chloride. Af?ar 2 deys, this was freated

" in the wsuael way. tielq: 90 parts. . Co

s Pr&ess% }cr.tﬂelp@iymerisatian mfitetrahjdrafurane by .
“itseif or ia aamix$ure,Mdzh;i,eworlcae exygenated tompoundsg,
: pharac?@r*ssd~by“§éadt10&_with tortiary qzonium aalts‘witgm

i

B~




en ‘anion that is dirficult to polymerise, the quentily being
chogen 80 thet 7he meen degree of polymerisetion of the =
reaciion preducts amoumts o a wiaimem of 2. ) :

Z. P rooess according to Claim i, the chara rigtic of
which is ¢hat the fertiary oxonium salits ere produced by the
‘acticn, ¢f oisctrophile metallic or non-metallic halelds on -
halogeraiklesther prhalogenelkylestay. oy '

3. . Prooass ascording to Claim lamd 2. oheradterised by the
feature thet the fertimry oxonjivm pails are produced in the
reaction mediuvm. . o T e e
4. Proosss according to Claims i amd 3, characterised by.
_the_Tact that--tertiary oxopium salts ars gemerated in tha
reaction mediuvm from 1.2 oxide sompounds end eiectrophilie
metaliic and mom-metaliiec haloldds,.whose etheratss sre abl
te form tertiary czonium salrs.. S ) .

5. Procuss abco:ﬂing to Glaims-1 and 3, characterised by
the wee ¢f helogen aikyl stber o halogen alkyl ester im
zh; presency of electrophile matallic ov non-metallic
halcids. . : -

&. Frocewess soeording to Claims 1 end 3, characterised in

thet tertiary oxonlum. salts are produced in the -reaction
medium by ths action of elecirophile metallic ov non--
.metallic haleoids or miztures of the, same on tetrahydrofurane.

7. Process. aceording te Cleims L anmd 3, -characterisaed im - .
hat compoumds pessessing the ebiilty. te atiach themselives

.to oxygzen vontaining compounds, if necessury in ihe pressnce
of admiztures, to form oXoniuw salls ars caused o act an .
the oysile ether if necessary im the presence of addiiion’
substunces suvh ag slectrophile metallie haloids. selphur
triexide oy strong acids: g

A8--Pr@cessvaccording'ta Qlaims 1. sfanﬂ-vé,mhara@%arﬂsem
- in ¢hat corganlc fluorine compounds are used watn ths
metalile or nopenetaliie haloids addition-substances, .

9, Prpcess according to Llaims 1, 3-and 7, charscterised

“by the use of functicbal derivetives of oxygenated ccmpounds
with I mol alcohol scd i mol of au orgerle or imarganloe . .
aeidy or mols of the same or different organic or inorganis
cacids in ‘the presence of additionm substanses. o T

10. P rocuss according to $leims 1, 3 amd 7, charscterisged

hn wse of helolds end enhydrides of orgaunic or inorganic
g ip the presence of additiom substamess.. - RO

2%, Proecess according to Clesims 1,7 3.2ud 7, cheracteriaed,

© by ths use, 3w the presenca of additlon substances of
“halogew compéumds which san be hydrolysed; but whieh, .

< stprietly speaking, -cannot bs termed meld-haloids, sinoe
the preduets of their hydrelysis do not contain the. mumber




-v8‘0_-

af fonisable H-setoms correspending ts the wumbsr of -
hydrolysed halogen atoms. . L . '

i TOTES rAANETYe CLEIHE L, 0 and ¥, thevaoterised
.By the wge of acids with Qifficultly polerszebls anions
and in whioh in the sase of the halogen acids, the components,
the electrophile metallic or mon-metailic haloids end the !
halegen hydride, san be éauged o remot- i L Do
_138. Process accciing to Dlatwms L, & and 7, charecterised
" by thes use of those esters of strong eelds which possess
the adility t¢ add or we tertiary‘emines o fortw yueternary
amonium -galts, in %ha prassnce of addition mbstannces.

14. Mothed ip ecoovdance with Cimims i, 3 and ¥, @hﬂf“ffﬁ?féed
by ths ase of dfazoniuwm haledds iu ihe precance 6F sdadition .
© BULStENSSS. . . o k

’

Mgte “From'the text felim ¥ should heve besn ra-wsltten
4g telow: ’ ) : T
i. A precsss for the polymerizeticn of tetranydrofurane
‘elone Gy in admixture with & 1,2 o 1,3 prygonetasd compound,
ebaracterined in that the $etrahydrotirans o ]
reheted with e tertiary oxcnium salt having 2 d1£040ul%1y "
polymerizable anior 1o euch quantity that the average degree
. ef pelymerizacion ofj%he reaction products

R I
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H’eno rrom‘ Lowns dated 10, 6.4 - : 2

:' on_ the Canferenca of the ).liniatrv of leonohde -
; ' P_xpnrnlon ox the Bth ﬂnd s)th Julv 1941

Presont from the neichsemt.‘ Dro !'{ranepu_hl
: . S E ) ) Dr. Ohinger .
I 4 i : e R ) i "Dra.l, Hubner: P

— .
Present from the 1.G.: Dr, Christmann Iudwigsharan '

[ L o Dr. Zorn, Leuno .

: Dr. Becker, Iudwigahafen (1ntarmittant1yt

‘Subje(.t of_thaAconI‘erenqo vss the prap»ratmn of 0. Iubricstiue oil prodnoi'.j_on_,prn__.___
gremme for 'the Now Coering plen, According to this ,plen the aero-engine fuel and lu
- ricent preoduction will have %o te 1ncrcnsel x‘ourrold. As strrting point the lubrican‘u )
production oxisdting ot the end of the vsor 1941 was chosen. "'his amounta to H &

10,000 tons per )aar \)S 0206, Leunn e -
.19,000 "o "S5 1106, POLitz - . e .
12,500 * © " minoral’ oil {Lox v1scoaity) OBIobahausen ‘
13;500 . u B " o , " . "]SO : vl S
-10,000 7. A4 " " - high L .Rbonania. cnd Lutzkandorr
€0,000 ¢ - " oi‘ finished apro~cngine oil. R
o Tihis production has to be increansed 0. 240,000 tons per yeer. New plants have to't.
“erected for 180,GCC tons per year, .As vax La,inot be reléased for lnbricntlgg oll syn-
. thesis, only ethylene and propylene c¢en be considered for this purpose. The polymers .. .
. ef atﬁywuu The S5 800 oils, are tested very thoroughly and we heve found that in’ con-
sideration of the exmting,athy) ene. or:ethsne production thets polymers ¢hrn 'be fully
‘utilised for our plan.  ~The propylens polymera’ are up to date tested only in singlg,.
cylindar runs, however the 1 G. will have to propose testing thess on ® large scale =
_to the RL¥ inmedigataly. : . . .. - o .

They are - preperad 88 prcducts of very hig:n ymcosity of P-10°11. at’ 1co°c v‘ith—
vigeosity ‘iIndex value of 8C. Low viacosity products vannot be. used in t%e engine, as
they-give too high il consumptions. In order to produce from these highly viscous oi"
an sgro-engine 0il  of 3°E at 1009, they have.to be mixed in ‘a 'ratio of 1:2 {polymeris-~
a»ion products: min.,ral 0il}, In other vords for this polvmorisation product & large. .
qunntity of LOVI viscomty miueral ‘oil -is neccssary. " As the pant equipment is- very
p:‘opoasl of"~ Dr Zorn wes 9ccaptod to prcuare thc ethylene polymerisation productsvwitb (5N

. 'vhe asro-oil viscosity of 3% et 1000, end not to wix it with mineral: of{l:  ‘These purely
syrthetic 55903 oils sre more suitsble for the moro engine designs which are at present -
belng, developad. - (efo file note on. the conforence in tho BL¥ of 8 7.1e41), ’ .

PR .' . 'ln‘ble J (’cono per year)

SRR 'Ethame . Propsme - . 'Butene
. Magdeburg . 17,000 . = 22,000 48,000
Hesslimgen .. v 1 (B13000) - —=-305000 —————€53000 - —ire,
.Blechtiarmer -+ 85,000 . €4,600 781, ooo“" &
Schelven . .. o c.;zoo S € L4800 €,300
) S sT(26,000) 0 (aa 060} ", - " {1,000}
_Leuna o AB000 45 000 . . .n 72, 000 . |
Lol (18,836) . e S !‘
flooabierbaum T 15,400 16,000' T LL11,700
CooP0l4tz T T 38,000) L, 56,006 : 138,000
- Ludwigshafen CA2,000 e e T
LT : {9,600) . LiR1,E000 =
" Bllx-1-.{300,000): 18,0007 L 18,800 © 26,500 -
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Thc numbers in hrncxots ave nob aveilable for the lubricating oil plen 83 theaa
208 que tities are slroady disposed of. - : ’

— On. . aduetian 4
For this the following baoic yields wers not doun

ot
] “or Oz ~ polymeriestion product = 1 ton ethdne ~-- 0.5 tons polymerisétion. product
vdohydroﬂenation necording to the method of Dr. Klein (partisl oxidetion of ethene) and
concentration of the CgHy by the Linde process. - In plsce of the Klein progess the
Hiubor process. can possibly Ho used and tho Lindo plant can parhnps bo roplaced by
washxng‘with‘cqpper lye. -Avout this- at- prﬂsentﬂtests aro suill boing carried out.
» et . .

For O3 - polymerisation product -= 1. ton propane ==~ O. .8 tons polymeriaetion produo1

denydrogenating by the chlorlnntlon mothod of Dr, BShr.

Altopether this summary givos the following, p1cture' 1€,200 tons per year purely
synthetic ethylene polymerisete, 132,000 tons per “yeer nxxer oils from propylene polym-—
erieate end mineral oil 1,2. B .

] oo - Cg~ polym, . ithene } Co polym. propane— “iinersl oil
Place of : product C. . quantity product quﬂntity _quantity
produetion = - . reguired = required - _required
Heydebrack: ¥ - 45,000 - - -
Moosbierbaum 7,7 15,400 10,000  12,5C0 . 20,000
Politz | : i : - 17,000 " - 21,000 © 34,000
Iudwigeshalen = ‘ 12,000 - 17,000 - 21,000 34,000
.,cmropau » " 12600 Cgly - - e T T ..
L e e o from OQH'?_;. . B ' ‘L S - .
. TPOTALS ., : T 84,400 ‘44 ;400 545 500 88,000

'Fb; specinl purposea (cold—ataruina o:ls) pnrt of the athylene polymeriaat1on ;owu
" pounds must be mixed with mn ester. To this end two ester-unlts have been plenned, for
3,300 tons per year esch, at-& chkopau and ! vschr1tz6

“<~Thus‘the following piéture 15 obtminad :'g

_-EéuOOO'tonstar year specisl oile { O3 = po mer1sute * ester)

865800 < Cg_polymcri»ate S S
§2,800 - " v TTw

‘132,000 L " mixed oils (Cg~nolymer1sate * mineral 011 1: 2)'

- Altogaether: 184 000 tons per year, this corresponds to the extra pnoduét;on
required Tty the Goering Pl L . wl

ﬂhe materxal, 8 effuand ‘eapitel required for ‘the Cg-polymerisation pln ts wan put
before the Feichaent in nccorannoe with the values Fiven in'Teble.3. . R

: He corrasponding figures for the 1 stﬂr plants, for the Cs-polywerlsation
compounde and for the mineral oil units were not discussed ot the conference. I'or  the
W0 ‘ester plants. the smount of iron ‘required-wes estimeted at mbout 500 tons zach ond tlz
amount of copital to about 4-505,000 KM, Fox the C3~polymerisstion plapts the amount o#
iron required wrs estimated at about 44,000 tons end the capital required at about -

4G OJU ;UCO 1 For the 88,060 -tous. per yper minernl 011 estinetes have not-vet been e,




" Table §

o o . . . ‘ . . ) ) .
Méiterinl,~ steff end capital reguirsd for the Ca-polymsrisation compound plents

Tong . pox vénr ‘olvm;-:loniion oormoundsn
Ludvigo= = opstior~ sehlopen(l} oyde- A
}mi‘on%) teur (%) ., C ~ oroelz(f)

¢Cu0 T 18,600 22,50C

""A)'é;m sfoduotion .
Iron for tho npparstuo, toms 1300 1725, . 40 Apio.
Gonotmctimml iron-vorlr. e BLG 376 £=800 T eee -
SYeromal ) o P 0 16C [P T o i
"Gonper - . C N R 5 C 40 100

Milding vorker S 875 ) N o F
Lontere torker” - L 2BB R v € ¥
. #rocoas workor . 20 =450 o Bee aus

fn mille el oy .

Iron for opperatvs, Sons
Jiich pressurc-ratorial
i)g~outoclavos *
Constmetlmnl iron work

.mlﬂine; workor
entare rorlidr
"‘ocosa ar!.or -

. Coet inralle R

Total Iron:  5C,745 teng”
v-i'o‘.:cl‘ c:tpitn"- '38.. nill. :

.® each 1000 % onﬁ nclﬂmerisntion eorpounc. kX rutoclavo. .
{1) yranslotors addition ead. ncte - at}uvlono obta:hmd i‘ro acet"‘n-

{2) ires ulntor’s efd 1ui”"l

Cqm) e

’ (4) G




In respect of. productlon the ful’owinp posallilitiea were diséussed 3

From her"nip £~ o 3C,000 tons per year
Fprom the Buden 0il in Oppau. L 1C,000 tons per .year

Itr-fressbuarg™ e T "‘"'IC'OOO"‘tPuu per-yesT

From hjdrp plants using minersl oil-~+ 38,600 ‘tons, per year" - ] : : .
: ' : 88,000 tons per year : .| G b RN .

‘ Further the eluminium chlorido planLn in Ludw1pshafen end bohkopuu heve ;d be
- erected in such a msnner thet fho follcﬂing production is. assumod Hal °
s °BD tons per month for Cz—nolymeriaation compounds
220 tonq uer month {or Cz~ " . i
It has also to be found out whebher gor the works in question ‘the. gas seperation
unite possess the requisite chPcity. :
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Louna, 26tk July 1941,

On_the discusaiona_ro SS._905.0i1 plents-nt-Leuns. on-2=s

Tha rdllowing ﬁoro‘praaen& Hed

t'rom Schkoﬁbp:‘ Orering Schuhmuckar 'L
. Dip.Ing. Vintarmeyer

", ﬁeydebrack: " Qbering VQllnitz

*  Oppsu: Ohoring Giehne
.: ' "DPr, Beckmsnn
Tl L Drﬂ Hauber ’
. 4

" Gendones Dr.iiittwer.‘

" Moosbisrboum:  Dr, bber
. Obering Rudloff
.7 ™ . Louns and Lo
- Arusehwitze:  Dir.Dr. v, Steden
ST ‘Strongeekzrrom tie to time
v Zorn 7, i
" Yofmepn .
Do "  Spekmenn
D1p,Ingo Mayer } / -
;¥sTe . Aappe ) for ‘Uhdo,- Dr ¥8hler

* " Hutter) from time 40, time
- DroRorp—————v— DA

taele The subject of diucussion NF 5 EHE organiaation requirad for. the six new $S 900
planta to.bo set up. under thoa new Coering plan. First, DLr. Zorn end Dr.: Jjofmenn- briefly‘
described the process; sag” Appnndices I"fna 2, - It ahould :8ls0 te mentioned that in
‘accordence with a decree of tha Germen Aip Ainlsﬁxy the process: is subiect .%o the ofﬂicia\
-Secracy Hegulations. ' Agrezment wes tesched .on the following points i ) ’
. il SR e
: l)'The oil polymcriaation plqnus T11l be. centrnlly controlled by the Uhde conatrucf
~iop;turceu, under: the dirédtionsof “Herr D, I, Fayers. - The- individual ractoriea wil}
‘reaceive from ‘here -the necesssry plars Tor ‘setting ‘up 'the, plant, The most 1mpcrtent v
apperatus will be purchased eentrally for the account of the factory in question.” -~ ALY
-the: documents: required for the tiilding cortificate rill be fcrwarded to R«n;A by the
" worka which ste erectin( tho bui]dirr,, o

2) The steps to u° taken for nthylenp productiou are divided up as follows.

. ' DT g) The procuction‘of cthylsnc'rrow scetylene by catnlytic hydropanation L
ffollowed ty woghing &nd: concentrcticn in a'lidde’ plnnt for the .plenta at. chkopau and~i?’
Auachwitz will te the rospcn81bility of sohkonau.» O : ) '

R . . t) The prouuction of ethylene fron alcnhol ana ‘its purifieption and concen-i

*trntion if the splitting furthces at’ Schkopau end Heydebreck sre electricallyhhented
will bte ?be woxrk of suhbopsu._ If Heydebrock decide on g8s; heat1ng, they K2ahi aét up

their o¥n plan%u g . . c : , ]

_' & ¢) The produotion oi ethylone by the tnerwal splitting of ethane hy the
Hnuber process. for. the vorks st Heydebreck Oppau and "ooubierbnum, ineluding - the erectic‘
of linde plnnts cr copper lye wash1ng plans, will be done by Tud“igehnfen._ S

A ST LA

L




ey

Individual prodhcors w11l get into touc'1 witb lerr., D.I, ¥ayer for the
ﬂurpoae of arranging for tha Linde plnnta and the compreesora for compresamg the puriticd
{"nd- concentmtea ethylenos. .

— deoor—itd order—fortie-ETToHNt (34 the construoting works, andiwill ©
rccelvc from it, the oversll guota for the 1ron re(;uu‘ed. } The producer will™ requeaf,‘en.ﬂ
-fill in the motal eertii‘i(m,e. ) o B :

. The electrzcn; part o eech p]ent "'111 b’ plapned And ordered by the authority for
: ﬂh?r' it .is beinr built on tho basis of the plans prepared i‘or him ty the producer. '

- The contraots for the bmldinga ‘required fTor the plant will bte placed by the- euthority
‘ Tor whom they are teing btuilt on the tasis of clesr nritten mstructions by’ the pmdum..
: nnd their erect;on will be supervisod by the former. . . ] : :

In order tunt. fhe 3] prujeots uhall te carried through mithput f'riction it is agmeaﬂ
thst the constructionsl, works, rsserbling, electrical, and building engineera shall meintain
conizct vith. the conpeten‘ produccr. '1’he names of’ the gentlemen in queetion are aet out

£1 Anpendix 3. :

4} On uho ,babm Qf‘ the datss f1xed foi* the gas~producing plants the feil_bwmg_omer‘
of* orecedence ros fixed for tra natting oy’ O' tl.e polymerisation plants e ' -

L o
Smig

B) Gondorf.- from 1, 1 42 :aé--za 000 tons per annum ?111 te availableo

. b). At the and of 10“2 25C0 tons par}armum of ethylene will be eveileble trom Y

H Saex f£as, and gl30 2000 tons per snntm of .elhene from Sasr gd8s . A HPuber furnace is to be
f set up. for the lsttel by the sbove dste. . Tie rest of, the sthylene réouired for €000 tong;
i per amnun of SS 00 oil is to be coverec1 by nlcohol un’cxl such tin‘e ag ethane ﬁ'om the ,
DHD plent is FW:la‘r"ea A L

bl‘\ Qr-h"ﬂ'\.u., the- c’&hyleht:‘frcxl ac.elfylene w111 be ava:lable not earlier than the
eginmng of 1043, provided the the tradafComer m delivered punctually. .

_'_.-y”. B—

) d) At tho beginnmg of 1943 39, 030 tons of ethane from Bleehhammer will Ee
eva:.latle ¥ “:‘ . - ) o = .

o 5) I'v'mosbie baum.‘ from the’ migaze of 1943 about 4C00. tona -per  annum of ethane
end: ﬂ-mr. the rumuer of L..Az_ 4 Ooo_tcns per aunun; of ethane will be availnble..

A uneble to de wnr ethylene be;ore the mlddle of 1043.

——5) Suppl; of‘ ca ba‘.l_,sts and auxllwry '\voductan ’ S ;: S “-\

a) Tu( anounts required 1or polyme 1‘isatio' hy ell the plants ere '700 tons par :

:nonth 8400 tons per. annum of £1CLz. Schk.pau will communicete. ¥ ith Ludwigehat‘en etout
he aossﬂ-ilityf of produning Alcls, 1k meke tus apnlication for the’ metal reruired to
¥4, engd vill ;m‘arm Hc D L. Meysr of the Tact. : S SRR

b) It vil pmtably !e poss_ vTe 1o vrov1de the alcohol catalyst at Iudwigshaﬂéh

Te): Tne acetyl e hyo.ogenutxon cetalyst erd “the acetylene cleaning catalyat
.'ull te qupplied by 1.euntn ™ ; _ »

5.

S )ooatierbaum will providé’ he fuller's earth required for \refining the oil to t!'-e
out - 6f- 800 ‘tons per smnun, = Herr: Dr, Ober #1121 €0 into the . possibility o:l' production,
xill order the iron J'eoui cd from FHA, end will. inforn Herr DeTs .'ayer. o SN

' 2 : ; ¥ APPDI"DIX I
cS 900 011 - descriptionv of the process ;




. ethylene ia ren in while g

‘ond thon. once mora applied. to polymer

3

eutaclome (800-x 9000) filled with 1400
Alclg'which contains iron,
$o.about 1000,

-

tres of £Iret run oil sund 125 kg. of water-free
The cortents of the avtocleve are brought by extornal hestirg
" A vigorous,.reaction sets in, she internsl temperaiure rising to 160-250%

The internel Eemporuture'ihxbroueht_aown t0-12C° by cooling with warm woter, and then.

G "the autoclave is fuli. The_cc!

where it 'is etirred while m thanol 1s fed

through  two centrifuges connocted in series.

here,
with methanol end chelk,"

aboul ne Lo

nts~are—a¥1¢neﬂ—t6~expana—in“u“pre~aecomposa

The product ofter this freatment tlen ruhs
Tie AlClz, 0il, and oludge apo separated
The o011 is prseed, wher thus purified, %o the main decompossr-end neutraiised.

The sludge iz sepnratod in an extraction-filter COmp TOBBOY. .

The 01l so obtalinid i3 seperrted Ly atnosphoric distilletion with water vapour into first’

Tun oll znd reaidusl oil.
edjusted tc the reguired vincosity.

isation. |

The residun) oil ia refined with fuller's eerth end then
“Tho Tirst run oil is freed. from water by”centrifuqﬂtg
The relense

encontoining ethylene

céntont posy back vie o weehing and sdsorphion plant. to the: grs=-producing opparetus

(recycls ghs]. -

thylene

‘Aluminium'chlori

Mothenodl -
slaked lime
fuller's corth
'Heoting gas
High pressure

Low pressure staem

Yater .
" Low tenslon

sConstructionel v

_ Engineers
Scﬁkqpau
&oﬁabigrhgﬁm
Heydebragk -

oppﬁ Opsrihg Giehne
A Dri o Beckmenn .

_ Aubchwitz D.I. v.Lom

kaw materisl ond energy required per ton of SS UG oils~

1250 kgo
7€ kg
43 kg

T 24 ¥Xg.

1.5 tons

5 tons
140 m3”

130 Koo .

i e
Building
-Enginears

Elaétrical
£ngineers
Obering Beehtold:  D,I. Reinhart:

.‘"Q;[,V reck

DiX. Holzapfel

berin

DI, F

DI Killler:
Dx. 7iereck e
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: Ammoniakwerk Neraeburg -
attention‘- Dr.,Zotn

e

R ethﬁleue~for 1ubricating oil:SS eoo:v3 :

e s 7. 1

t To our knowledgo Neraeburg works to 1ts cnpacity of 1qpoo tons per year.‘ 1te

- ethylene requirawent ia therefore 1? 500 tons par year.

onwaras._""e wish you would © eck wh'th T

'yonr-inrormationﬁ_ Plao inform ua- of the startinf dates foreaeen accordins to latest




flotter to',:t G-
v ettention Dyl Alt
Lud\v:lsnharen

- 'B) ‘Sehkopeu . Yerch 360 tono, ) Apr 1200 tona L’ey
s IR “fulle prcuuctlon (8 tone/rrontl o:t‘ lubr!.cating i1
) ett»ined in June :

4V Heydstrock Tt

n;y ia; 1owar Bg. compnred %4 th  our” aohedule “of; '30.,,
the ethana’ aupplies Trom Bl eonhammer hnd. to ke qut s




'Letter rrom/I G. ludwigshefen
to Ammonieverk Nareeburg o
attention Dr,’ &orn -

s

& 36 have baen entrusted by Dr, Ambroa lﬁh‘the praparatlon of a globol' alnnce s_eet;

.

ufo¢ athylene shuwing the production and ccneumptlon of the othylene supplies now and
' artcr the uxecution of the planned expansiono ' s ‘

theiethylene oonnumptio for lubriCﬂting o ls'

iy

i‘following areo the' data cvailable:~"'

Present position‘i 12 500 tons per yepr ethylene from erecking in !erseburg ror
. . N ‘10 GOL tons per ysex. lubricating oil. .
el plem TR :

S e P 'year ethylene.
- ‘"year lubricstinp ollova ;

: 9000 tonsg per'yeur ethylene Trom cracking for ?200 tona per yaar y i
'a:?llubricetine 011.‘ faEty . e

,27 750 tona‘
year 1ubr1
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. oenernl Information.' L ‘ o S
Y Nsmc una Doaoription o: plemt .~ gZster oil Plent uschuitz S
SRR ‘v_I 6. Farbeninduatria, Auaohmtz. =

 Bxmct cazsqen

’aundinz Inepectomte of 1.0. ﬁ‘arbantnduncxh
2,60y Myslomitz, £2371/78, Auaczmtz 3¢ and
' ’W and !.'ersoburg ‘%85!..,_ o . ;

¢ ‘2. Locntton of. the plaut e : 2 Kme. aaat ot‘ Auachws.tz

'--.lx.c. Farbenmduazrie A.c. Frankfm't/uin

: ,‘3, Autharity for whom tho. p).ant 1a
e being huilt T T W ERS B .
- Dy, Durrreld Ammoniakwerk Veraabure, -

: Erpoﬂ: 1n chnrge .
»G,mbH. L . -

A»nav eator oil plant mn be set 1.p in bonjuuotion with the mel wox'kn (Todt No,
O T, Braalan 7), : ol : : : ; T
[

Powor‘ watcr supply,, canalzaati.ou rou;my atuhon, and tmrﬂo tecilities uiu be
* voed Jointly by the aster oil plant and the fue] works.» ; RNy .

Applicanta era remindcd that bundh;gs must in eccordence ‘with’ the orders of the S
“‘Peithsrarschall .of 20 June’ 1641, be- eonstrueted in- the ‘simpleat form,: full use veing
rade of etmcturnl sids. . A1l outlay which 1ia not -ebsolutely necessary “such ag for °
finely finished \orx 2 urchiteccural reflqements decorat:lons etc,, ere prohitited '

! Capacities of tha LLant,tQ build—.pw






