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DETHILTIATION OF T¥li UUMPABILILY LF FUSL CILS

\
" by e Re ssback and J. Terothoff

‘ihe oour poin., of an oj.l is chierly detormiined to charactorize the be=
‘Imvior of tias oil, in particular o fuel oil, ut different temperntures. Altlouch
oil rmen know taat the determination of the pour poir;c is entirely erpirical, ;‘md
that the accurucy and reproducib.ulity are tar from satisfacta v, this moihod of
caaracteriain.rv t‘le tehuvior of fuel culs 2t low tempemtures remaina necessary as
lonrz as no ather vrovert,r, suﬁs viscosn'y or densit s Cum ta::e qu vlace, The
—pour ?an\?'{ is couventionall*- mown as +be ue"@eratum at e»hich an 0il no lo*xger moves,

or begins: to flow under tae influence of "-é.'vitv when the test container is .anlm_ed

’ at an engle of 1500 ‘ ﬁlis involves the dabcr‘..ination of 1o ..enpera‘alra 1imits,

o

eitJ.er the temperaoure at w.d.cn t'ie f.vil under mvea iration ceascs~to Tlow s, s or uhe
'telmembure at .vhich it just hegms to. ilow agairr. uoth temperahnes ars used to-
cvvaractoriae the behavior o.C oils @t 1ow tememtures, bu uauall veithcut specixy—

: 1!1&. mich oT +he tv.o be'nparaf.\_re .Limita is sclected for the masure'nent. ""exia reault:

:m eonainerable diflerencee betueen “the tempemtu.re aats ot various uest:.af lﬁbora-

-

tor:.es, but: even when one oi‘ t.Aese tem‘aeratum 1im.ts ls agreed u{.cm, tnz. =k ,.od still
N

leaves - wida mart in of + which is accep‘oed 48, the permiasible limit of error. o

.mzs tem;aaratue m.rpin cf s 5° mi._,h ba tolerate.d if 11'. wem not oaus;n* uroubla in

N

: ‘practice. Conm.aiuts from vanoua fuel oil‘ consumera pxove this conclusive] Ve "his

et

is. easy to understanﬁ ia. wea eonsider the ma.sons for mioptinb a: mtl‘.od oL chamute-*— :
} BN

“"121::.* the beuavior of oils at low temperai:ures. Iu most crges’ fuel oil 19 stored

of Du.ums to t,he place of: use, accordmr- to purnose. : In. aﬂdition ”GO the %eauin"

‘ cuahty of a fuel nil- tha consumer_w also inberested in 1us bc.zavwor &1. d:.zfere_'xt



touperatuxes,in particular ot tesporetures ut which it can no lon/or Yo conveyed

to or Trom tio dusired looculity by ordinary mvans of transportation. 4 fuel oil

- - P— ——

wiich under hormally occurrin; temperntures reguires oxcessive wors for pumping
it with the customary pumping eoutpment m:{ not alsays ‘n:z ;;:oeptod for practical. use
despito ifca excellant combustion properties. k
ihis iilhatratea elearly that tho cc;nventionnl deternmination of the pour point =

is 1mﬁbquate foxr establishing the temperature at which an oil is no loné,_;erv‘convgy-.
eble, since & 1imitloi‘ error of * 50 is mch too wide for such & nur':oeo; !&orebver.
she gour point only portrayu the beuavior of the oil at the toupem’rum 1imi1; refer- :
red 1.0, buu i‘ails "ive 1nformat1rm on its behavior before it ma-has this tenp-v
er_aww. In view of these faets, vmich ofven-lead to cozplain'bs by fuel o1l consumré,
D_;-.V ;’-.hxellar sug,géb“sed thé development of a now testing method uﬁich fao'_ld eliminate

he diffict.l‘bies er.coum:ered at decreasinb tezperatu‘es ani allow an accum’ce deter~
mimltion of uhe temper um at which a fuel oil can no longer be satigractoz ily oumped.

In the study of this nroblen a measurim inatz-u:mnt wAs developed wnich albws the

pmge*bie., of i‘ue.L oil at low temperatures t0 ‘be determined in advanca ai‘m swxzi.‘zLie.'LentﬂT

’ac"u-acv for practical purposee e a pimperty whieh v:e have called "plmtpablliw" ‘
Ii* we determine the’ wor.h reguiz-ed by & nm 1;9 conva the oil to. ba *bested

; t;roww a n aocumtely defined cross—&c’cion at variable 011 temperatures, ta_s ‘

value allows dram.ng d:\rect concl.xsions as to the temerature behav:.or, or tne qo-

the 3 C
called Dumpabilitj of/oil. Since due 'bo the - law of unifom diatribution oi‘ nreaaure

in all d}.rections the 'oreseure of me piston on the 011 in the pump c"linder is

unifom at evezsr point thi g asum —can he be xr-eaaured at an,,r suitable place 6‘!3‘ tne

e"linder. By mltmlyine; ‘»hia m-e su:re with the surrace area of. tne p:lston head.

which ia }mown f.‘rom the t'pe of mm;: used & i‘ig,u:re is obtained for the »otal fct'ee :

actinu on tne ‘0181;011 head. . Purthor ml‘bi')lie..tion of 'ins force by the lengeh of. ‘
4
the pistor ‘gbroxe dvas the des:.red i‘ipure for the vmuc required. A nresaqm ga.zya o

.

fitted ,o the x)mnp cjlinder can be eallhra‘bed direc*ly to rsad work ur.its. In onler

to \oh ain an accyre;ta mes uremen+ with an ordi.mrf preasure f’age it is neeaeaam' to )



- take into ccount the timy laz of the page. This limits the numbor of piston
stroiec por minute., A value of 10 strokes per minute was found to be sufficient.
This low numher or strokes aleo hao the advantu@ that tho pressure indications

dependent on temperature can caslly be reed,

Avparatus

PFlgure 1 shows diac;mmatically an arranvement for -determininz puxzpability.
The piston pump 1 is con:nacted through a- mzction line 2 a.nd the pmasurc 11119 3
iwith tho tama 4 con‘aaining, thc 011 to be 'beated. A teat nozzle is plaeed in tne

nreasure line 3, through uh.ich -thc pumaabilitj can be detemimd_a.t 8 variable -~
cmss-aeetion of the pipe. The pump oylinder ag V'ell‘ as the storage tam. are both
providcd with’ coolinb Jacbots l' and 4’ throut,h which tho coolant is passed after

Ahaving neen bruu_,h to a pmdatermzned temperatum in a *.:hemoatat. The temnera‘cure

of the‘oil nhich is’ to be teated is maasumd in tne - lower nor!;ion of the nump oylin-
der by & thenmmeter 6 and tbs_pmsure in’ the pv.mm eylinder with 2 ge ze ’f. To -
preven‘s heat radiation, mternally ami external.‘l.y, all parta tarough whic.h the o:.l
_flmvs az'e covemd with heav;y insu_lat inn. i’he pump 1 18, dr:nren iby the moto: 9 i;b:ou,?h

a g;eax 10 and tlua crank drive 11. In order to dampen jumny indicetiona causad b*f
the mtion oi‘ the pump, an ai;r vesael A2 is .msarked in the :’e lina. -’"’ha m:ms_
required for cooling the oil cansist oi‘ a ther'iostat (mnui‘actured by Gehr. Haake,
medmuen) and a ¢old accmmlator from ihe sam mnnfaetumn. : hsthanol is used as the
thermostat 1iquid ami dr.r ioe aa cooling aaent. *’i”um 1 also snovs the eonnection "

of trxe measuring apparatus ‘bo the eooling; maane. o  _;‘.’ N .

' x‘; Measuremnts P R \_/’ e

’I'he o:.l to oa tesi.ed for punmability waa fi_vs‘“ treed ﬁ-om i‘ibra&m aud coarse, _'.

gra.nalar contaminetmns b., ﬂl-bration or settling. . of this prereiina& 013. a.bout JLOO cc

nas ptmred into the storaee tam: 8- (fig. 2). A.fter conuectz.ne, “the ,cool:. “nne to



tho rogauring: apparatus- tho cooling means wora put in opomtion and the oool.lng

adjusted vo_that tho tomperature drop on the thermomster D was about &° 0. in about

30 min. The temperatures and Progsures indlcated on the thermometer D and the gago

E more plotted \In curves on somi-logarithrmie gniiiimotex_’ paper. The temporature was

seloctod as abacisea and the coxresponding pressure t\m ordinate. A5 will be geen from

Tig. ¥, the curves are at first linpar, then they bend to the 1ei‘t and, after reach—

ing a 'm.ixm.n, drop dbaln. This maximm, in addition t0 the te.npemture-depcmenf

pressure reading, is a chamcteris..ic for the pun;oed oil. The temaemtum per—

taini_xb to fthis presaum maximm is the 'bemperatum linit at which tha oil ha.a a

conaistency such that it can no longer bo eonveyad by pumps under normal conditiona.

: Aa lndicated by & mmber of maasure.manta, the tempemtuzve cor:eaponding 1;0 the pgs—

. sure *'aximnm is iniependent of the diamater of the- 'best nozzle used change in the-
croas—section by using no"zlea of dirferent size Only increases ox- redu:es the mrk e

' rec uired for pumping ‘the oil, aceoming to uh.ether ‘the croas-sections of the nozzlee
are inereased or reduaed. \Fip. 5 to €, which shov the pumpahility curves of diff-_ '
erent: fuel oils, indicate that the &eviauion ﬁ'om tho critzcal" tenperature :ﬁor the

ﬁrst oila is O. 5 A and. for 011 D nod naora timn l . A strlkiuﬁ faet in the bump-,

'abi:_l.it,» cu.rvee _of_ fuel cils C and D (1‘1;38. and 6), is the very pointed anane of ths '

; "’he reason. for this he.zavior, 1n our npimon, is dun to tha ract that such

‘eurves,

1on@er be emsidered to be homoeneoas within this particn]ar ..empemture range. On

: reachin(, thie tempemtum thmshold, all pressum mdications on ‘the gﬁge begin,go g

be 1rregulsr (whcn noz‘.lcs are uaed ot less than 8.rm diamcter). m indmate thia '

s..ate ‘the curves am shown in bro}.en 1ims rrom that point on. Tha prwsux-e nax- :

mum, howavb‘z “is indenendent of these procepses and can be é.el- mltely establmshad.
In thm connecuion 1t is of m'bemst to oommu-e the pour pointa (the temp-

eratures :I.n thia case :erer to f.he state at ah.ich ’cha oil just bec;ins to flow a,:pin) :

w;th the critiaﬂ" temperatures datemimﬁ m 'bhe masuring appamtua. T’his_ :




ccrpariscn e ahowa in table 1.

Iable 1
Fuel oil Visc. in Cn dpocifie Pourpoint “Critical® |
at 20°¢ T . gravity at 20°¢ o¢ tesip. °C
A 76.85 7 1,036 S R T. S DR
B 669,36 1.007 ;. sz .
¢ 7 . 37.30 - 0.981 . - 18.5 R § |
‘D 12,78 1072 - 18 v = 9,5

- 'I'he table shows that no direct co:mection exist's between the pouxr noint 'cemp-.
e rature and fne "critical tex"paratum. Consider “the rather unvalcome surnrisea the
ﬁ.el oil consumer my emermnca if e helieves that his mel oil is still Duumpeble
on the - basis of pour. point ten@era‘“u.m data ond. thon finds that at 4 00 txé fuel -
pum no 1onrez' apemtes. ) w'.at msu7 b8 that my- ls&d is nc-t diff‘v cul+ to °e<,, and
it is understunﬂablpa whj comnlainta by me,l ofl eonsumersare made for chh reaeona.
_ Illusbrative :i.n thia saries of tasts was the inspection oi‘ 1:'10 i‘uel oils ]
having almos» fho aame viecositv aml bumin 'oroperties, _w;th remec"c to tP»a T
"imes« and beuavior at lozz tonmeraturea, as reported by one ccnsumer. - 1'1*0 resutbs
ol thls *Lest are sho*an in fif*uze '7. S?hineA: the fuel 011 U had 2 eritieal 'bemperature’

oi‘ * 2.4» s thia tempe*-ature wos -1.:;° for the i'uel oil Ve For tnis reason me 011 V ,

k was better for vractieal purposae tnan the othemise aquivalent :m.el oil U.

-

“It-ig frequnntlj neceasary to bland a f‘uel-oil having poor cold propcrtiea_

with another i‘ml oil havin&, bood nropertmes m omer to fmmish £ fuel cil hland

\

meetinrr requn-ements. . A reauisite I‘or\mklng tmch a hLaml ia natnmny txat t"le

two oils are mutually miscible » :Ln othor !mrda"' the.f shall have 00" fendem y to

rlocculat:.. : T’hia requiremsnt anpliea to the blemia lis?«e?d in the follovin: table.»_,

Table"" givee interestinp data oz blends M ‘bo " m ‘this-e connection.

Flgure 8 ahows tue correspondinr pumpt\:bility curves Ln thia scries oI‘ 'Lests;
N 2

and indieabes that a.t 1eaat 4% of fuel oil Q mst be adued to ﬁ.el oil ¥ to brins .

\

.5 <




the "critical” termerature within the desired 1inits, below -5°

In anothor case an oil for sorvieins a

to its cold properties.

zasoroter was inopocted waua respect

48 will be peen from tahle 3 Sy "the critieal” tempurature of %his oil wag. .

-10° » in contrast to the pour point tompemture of -~

le. often rotmd fz-om ex-

perieqce rained d\minn tae last aevere winf.er, /tha pour point rives no satisfnctcry

indication of ..he behavior of such gasomter—oils ‘at low tememtum.
. N
Tablo 2

. Mixtm ) _* Pourpoint’ "Cr'it'icéi,": .

Fuol ol Fuel 011 ¢ . % igmporaturs °C.

'; T L o )

it - o m

: .l.OO 1 = + 27 +lu

Loo80 .20 w12 +5 -

s ; B0 -9 - 13 |

R Table 3 )
Oh'zﬁmizterilza.t‘ibr_i‘v. -Vi‘acbsiytyv - Pour’ poin‘c | Purpgbility
bl L (e dn o Cp at 409C oec C -

AAG14ETR 0ileiunssanss” 11,66 S 5'7_'.; S BT

Gaso'neter oil........._- . 55,30 .29 T -10 '

30,% Mditive 01lecsnns - 51.88 =86 L adm

70% Gasometer oil..... : v o » . o 2

50% Mditiw Oillooaol 25485 R 49 .‘ - 16
‘505 (vasometar oil-u-- e e ' SRR

70 AGQitIve ofle...nw . of Tl 17,15 - 58 = - 17.5
'130%. Gasoweter 0ile..e. A ’




The Aifferonces given in Table 8, resulting from a comparison of pour point and
.critical tompamtu.m indicate cloarly’ the dangers which are hidden in en abmsolute
mn‘od of reting the quality or .casareter oils at low tonperattuvs.. Terparatures
of -16° in the wells and, part;icular]g at the walls of the oontaixwr were measwod
bJ us, Accordin.r to the value of tho pour point no trouble should ocour at theee
tamperaturea ‘but, in practiee, it was.unforhmately not so,. On tho. contrary, the
aasoneiey oils when umd at <16° nsg a aonsiatonc,,r which mdes tha mmdmte shute
dovn of the :-aaametez-s neceeaary. Attenpts of blending ttwsa ,gasomter oils vl th
~eome other, rore cold-resistemt oil resulted in 3, "eritical® tompereture of -16°
.Lirst bain~ reached for a blendinb ra*io of 30: 50; as shown in Table 3 30 that thi~. ’
blend can onlJ be uaed during extensiva perioaa of* frost when 1 tememture drop
‘below -.'l.‘;0 15 pmvented in the well e.nd eontainer by adcii;ional hsating. '

Twe

'.'smmamr. B

A masurinu a.pparatus 1s describad vxhich allows the de*emination of g faétér' ‘
ecimyrming the behivior of: ‘°uel 0ils et law tex;pemtuxes, in close aoreement wth -
: pmctical eonditiorns, and in a. mre satismetory nmmer than by the' usual pour
po:Lnt determmation. .This ractor has heen ealled "pumpabilitf', as suc,@ssted bJ
‘. Dr. E. Hueller, and . mpreaents an expression i‘or the woz-.: maeded to ptmzp an 011 at
a nz-edetermined temberatu:te. The tewMe limit reached for the test oil on
contlnuous cooling, at which the oﬂ. 1s no lon.:;er pummble, ia dzown {,ramically
and \is called the "critical" temperature\ ‘I'n:.s ao-calllod "c:ritical" tenmaraﬁura 13,““'

in our o:)inion, Iar better fc:r rating tae baaavmr oi‘ I‘uel oils at low tenpcmi;uma

tlan em; hemtofoze applied ractar.
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Self Ignition Cualities and Chemical Constitution

The definition of self igznition polnt, l.e. that lovest tem-
perature at wvhich & material 1s visibly ignited in an abundant
current of oxygen without the presence of an outside source of -
fire, yilelds valuable aid in_the evaluation of motor fuel and
lubricating olls. Varlous apparatuses vére proposed fon its-—de-,
termination. S Ce I :

Placing the fault of the procedure on the processes golng on
.in the combustion apparatus, the wiskaKe wvhich rulns most inves-
‘tigations, occured or account of gpparatuses and starting mate-
rials. Thus the measurements were conducted with technical fuel
0ils and gave large deviations even 1in the experiments of one
single investigator, since identical fuel oils could be very -dif-
_ferent chemically depending on their sources., The large variety
of experimental equipments makes correlation even more difficult.

In the folloving experiments: _ ] -
(1) the influence of the chemicalconstitution,—(2) the ‘hy-
drogen- concentration” i.e. the relative amount of carbon to hy-
.drogen;- {H) the oxygen content:of the molecules, of the self ig- .-
nition process that &re homogeneous hydrocarbons from the par-
affinic, olefinic, naphthenic and aromatic groups will be treated.

‘An ldewl and approved testing apvaratus . for the de ermination .
of the absolute self ignition point that would-eliminate all pos-
sible sources of error of chemical end physical. nature, will o
never be realized in practice. However, the Jentzsch ignition.
value tester is widely adopted for determining the dependence of -
self ignition on the two main outer factors,-the temperature and

the oxygen concentr§tion of the atmosphere.

\\In ordér to ascertain the dependence of ignition on temperature
-and. the oxygen.content of the surroundings, vhich vas,first recog-
.nized by the Jentzsch,* the minimum amounts of oxygen needed for
sself. ignition for varlous temperatures were graphed. S :

L e e T e o -
The . curves startioutvwith,the "self ignition point" i.e. that
lowest temperature .at which' one more .lgnition occurs in a -coplous
current of oxygen (400 gas babbless vere destroyed every -minute))
and end in the "low ignition value", which is specified by the
‘oxygen_concentration of the atmosphere at the lovest temperature
point, as well as in "high ignition value', i1.e. that lowest tem-.
perature. at which the oxygen supply, after ¥éing cut off, will
support one more ignition. In between there 1s & necessary mini-
. mum ‘oxygen concentration for each tewperature to make the self
ignition of 'the material at that temperatiure possible. The "low

1)gentzech, Liqudd Fuels, VDI Publication, 1926, p. 88
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and "high ignition value" points can also be designated according

to Schifer? as the low and high "critical ignition temperature”,

since below it no self lgnition 1s possible however large concen-

tration of oxygen there 1s present, and because above’it igni-
tion 2lways occurs even wilthout any oxygen supply and in &e
ereatly thinned atmospheric oxygen,

1. The Influence of Chemical Constitution.
Since every self ipnition, according to undisputed views, is
“introduced by decomposition and cracking processes, the resis-
tence of the matérial to decomposition, which is 1limlted in the
first place by chemical constitution, plays a decisive role in
self ignition processes, T Ta

"Ti1l now it was. recognized 'as a fact that the hydrogen—richv
‘chain forming =aliphatic hydrocarbons ignite easiep,l.e. at o
lover temperature and with lighter concentration of " oxygen than
the aromatic ring systems,that are poor in-hydrogen. ~The self
“ignition points of the neg;henes, vhich are c¢yclliec in. structure,
but In hydrogen content are similar to.aliphatic hydrocarbons, ,

lie betwecn the sliphatic and the ‘aromatic hydrocarbons.  Thus . =

the ratio of hydrogen.to carbon was'held responsible for these ’

phenomeng by many investi?ators without consideration for the
“chemical constitutuion of the material. ] A

The °elf ignition points in Tables 1 2 and 3 for aliphatic,\

naphthenic and aromatic hydrocarbons confirm the viev. on self "
ignition tendency, stated above, for certain definite represen-
‘tatives of: these series ‘ . —

Table I Self Ignwtion Qualities of AIiphatic Hydrocarbons T
- C/H: "Self Ig- High Ig- 'Ignition

. No. ‘ Haterval - Formula. Ratlo nitign nition Co Range
S e pty %c. " valune % orog
1. Isoprene CsEg8 " 1:1.6. \ o T 590 7 0180
2 . Diallyl CGH1p  1:1.66 ' 330 . -500+ 170" .
3 . Hexene CgHip - 1:2.0 - 325 - 540 2157
4 Heptane - ° .C7H14 1:2.28 300 560 '260&
5 ‘Hexane CeHin  1:2.34. 296 7 - 560 co 26k Y
& Peutane '~ C5Hyp 1:2.4 300 ", ’ 580 ~..280

Table 2~ Self Ignition Qualities of Napthenes

Self Ie- High Ig—-'iénition.

No. Material N Formula C/H nition __nition . Range _
ST S - Ratio 0g - ~ryalug O OpT ot
1 Tetralinm _ CldH12v~1°1 20 ,420 T 660 - m'fQEC;LW
2 _Octahydro- " ; . IR IR
: " anthracene = CipHg. 1:1. 28 315-,;',.e560~ Lo 245y
3 CycélohexadiensC gHZ 1:1.33 | . 360 460 . 100
-l Cyclohexene C gHyg 1:1.67 385 - 520 1195
5 Decalene | CicHyg8 1:1.80 280" - 530 .. .. 250"
6 -Cyclohexane C. gHys 1:2.0 32? " B20- . 195 ¢

. T e
- - N Y

2)s¢néifer, Annual Report of the Shipballding Teéchnology Co. 1932, p+181
' A g o . o T T T e el e -t i i LT
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Teble 3.  Self Ignition Qualities of Aromatics’
Self Ig- High Ig- Ignltion

_No. Material  Formula C/H  nition nition Rgnge
S ——as ee e R e e T "pt,"OC ) ve.]_ue oc . C“
1 Anthracene CiyHq0 1:0.%1 560 770 - 190
2  Taphthalene CjgHg 1:0.8 630 700 70
3 Benzene. . . Cs Hg 1:1 - 690 720 . 30
4 Toluene ' Cr Hg  1l:1.14 640 . 730 - 90
5 Xylene .~ . Cg Hyg 1:1.25 610 740 " 130
-6 Hexemethyl- 0 o , ‘
o benzene CioHyg 1:1.15 375 ‘6450 265 .
7 Cyclopenta- . , . : ' ,
 diene .-  Cg Hg 1:1. 12. 510 640 130
8 -Dicyclopeti- - . s . Lo
“tadiene rclong 1 1 12 510 - v"680 L 170_

The tabulation, hOWever, shows at the.. same time . that ‘the theory
cannot -be. applied to -all members: of -a single serles, but that be-
- sides the. carbon hydrogen ratio.it also depends on the chemical
constitution of:the- partlicular member. of & single serles. For--
“exampla Table 3, No.. 6 proves: the. aromatic: structure: of hexame-
thylbenzene, the -aromstic. ring. ‘system ‘of which is packed with ali-
~phatic side. chains. This strong:aliphatic load manifests. 1tself
An:thé: greater decomposing tendency- due toithe :aliphatic part, .
§0 .that this cleariy-aromatic. structure shows to .a large .degree
‘a.self ignition point. ascribed to aliphatic structures.. This is.
“net surprising: since: by mixing aliphatic :and.aromatic materials,,
for example: ‘benzens- and: gasoline, agradual. change .of the igni-
~tion turve characteristics can. be folloved depending on whether
Athe aliphatic or aromatic components are aIIOWed to predominate.

Just as sg there are some aromatics with aliphatic ignition
behavpor, there are:also clearly- aliphatic structures whose: self
-lgnitlon-points approdach closely: thahfof the aromatics, as. for
\instance isoprene (Tablé’l No.") - : :

o Even more clearly is the influence of the chemical constitu— .
tion demonstrated,. if not the self ignition points ‘alone but, a8in
‘Figures 1, :2;:3; and:4‘ self: ignition~curves constructed,for thet!
‘materlal resented» n -the. T4 : : el

/ yior

. o much smaller for. most
aliphatic than for aromatic hydrocarbons, for-the aliphatics
ignite without: oxygen X-n a:stemperature’ wherehmost*aromatics
Dot tend to: ignite even with' the: 1 : '
;naphthenes resemble: ‘the - aliphatics
that: with’ increasing temperature-
:sufficient’f

}and naphthenes show & partia‘”deviation, which i
‘strated-in:th ‘1gnition gap' discovered ‘byiJent ’chL on the_i
‘nition’ gurve. the—ignition -gaps tell usthat: ith* ertain‘al

phatices: and naphthenes a8 temperature ; e
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the ignition temperature in which the rule, that with increasing
temperature less oxygen 1s needed for self ignition, does not
epply immedlately. However, if this temperature range 1s passed
the oxygen requirement d¥credses with increasing temperature even
with the above named structures. This remarkable phenomenon ‘has
in the beginning aroused some doubts; it was thought to originate
from a peculiarity of the vessel and was Interpreted as 1its "Ap-
paratus constant” The previous lnvestigations show first of all
the chemical structure and constitution of the material as their
reason. If the ignition gap were an apparatus constent in the
lower temperature range, then all structures should show a similar
curve sectlion in this temperature range. This however, 1s plailnly
contradlicted by the ignition curve of 1,3~cyclohexadlene (Illus-
tration 2), ‘that shows no ignition gap in 8 temperature range in
which usually ‘aliphatics and naphthenes show such a gap. The

same can be said about the ignition“curve of hexamethylbenzene
(Tllustration 3), . that: reaches far into the ignition gap tempera-‘
ture range of the aliphatic hydrocarbons.

"~ The ignition curves of . the aliphatic hydrocarbons (Illustra-
tion 1) all -show & more or. less_ large ignition gap outside -of
isoprene.  Pentane and: 1ts homologues {hexane, heptane). show, Ffor
‘instance, the: large lgnition gaps. typical.of aliphatics, with un-
saturated aliphatics, for example hexene and diallyl,. the igni-
tlon ‘gaps are-smaller. : 'Accordingly through the- double’ bond the
molecule possesses—a greater resistance in ignition characteris-m"
tics. This stabllizing effect of the. structural relation appears
in a special form in the case of isoprene. o _

k This -differs. fundamentally from the other aliphatic hydrocar-
bons_that At8s" igrnition curve.lles 1n ‘the high temperature:ranges,
but particularly, ‘as was already: méntioned; by.-its lack.of: igni-_ﬂh
‘tion gap. 'In its ‘gelf; ignition ‘characteristics 1t lies.closer:

to ‘the 'aromatic than the’ aliphatic hydrocarbons, The presence of
the conJugated double bond ‘apparently gives even: open aliphatic:
chains a te acity:in their ignitjon conduct that bringsathem close

tance of the aromatics ‘could be. traced ‘back to" the presence of: the
conjugated double bonds:in'the ring system,: srhich: by systematic. :.
saturation ‘of the_double’bonds in the benzene nucleus »

sisting_str ngth against self ignition process dihydrobenzenei”
shoumd Show 8 ‘high self ignition point and. should mod show ‘none:

and ‘ng’ ignition gaps. LIRS the conjugated 'ble :bond’ of - dihydroben-
zol.1s. .saturated by: further hydrogenation,*hetrahydrobenzol (Cyclo-
hexene) is’obtained, ‘a.naphthene ‘with: one: double: bond: n_ 11 :
must show g typical. :1gnition ‘gap. The ignition v

materials; that: are.drawn in-Illustration: 2 qlaf out: fully : Eg_ "
‘predictio Dihydrobenzene, like isoprene-ﬁit ts self igni on”
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characteristics, stands without ignition gep close to aromatics,
tetrahydrobenzene, on.the other hand, and naturally hexahydroben-
‘zene also show typical aliphatic self ignition charactéristics
with definite ignition gaps.

- Cyclopentadiene .and .1ts polymer dicyclopentadiene must behave
in self ignition processes like an aromatic structure as long as
they have conjugated double bonds; this is confirmed by the igni-
tion curves. The same thing appllies to tetralin, which still has

an Ilntact benzene ring.

Octahydroanthracene shows inspite of the intact benzene nuc-
leus, an ignition gap (I1lustration 2). This could be traced
back to the fact .that strong~loading with hydrogeéen is not suffi-
cient for the still present double bonds,, so that the ignition
quality will be shifted just a&s much to the aliphatic as. to .the
naphthenic side, as-it is noticeable in loading with aliphatic
side chains. This tendency 1s clearly noticeable from the igni-
tion curves. of benzene, toluene; xylene, hexeamethylbenzene.
. On the -basis of ' the above experimental data it can well.be’

stated with- the greatest certainty that' the stability of a mole-
‘cule in its.ignition characteristics depends mostly on dits struc-
tural setup and is limited primarily by the presence of a conju-
gared double bord. . = .. BRI S Tile e R

" 'As to how different the stability of & molecule as compared to
- the decomposition,processeS»releasingiself'ignitfon;ﬁcan be, dis- " .
‘particularly indicated by*'the large ignition range between self - .
~ignition point and high ignition value. . Aliphatic open chains = .
“with slwmple:structure possess.an ignition range that are multiples

of aromatics. ' For: example the ignition range of benzene is” within
300, while: fo- octadecanol 3109 and to stearic aclids as much as 4100
“Is-attributed;-as the oxygen content of an aliphatic when self ig-
’nitién;tendency;dimipishescmust‘be{copsidered;f§€§ﬁbelow);g?The;igé
jhition{range‘ofythe;napnthenesilies.betweenjthataof»the;é?émﬁticS'v
jfandwaliphatics;Q:Naturally}thefconsolidating;ipfluence”df"the;douég
»fble;bond'isftypically;expré$seg:in“th‘figniﬁion" NEE & s %"*4\-
.. The :influence .of chemical constitution dscussed .in connection
'Withféelfaignition{pbint;vapﬁlieS“slsOXtéfthgxhighjighitionivalués;
‘'1.e. also to the self ignition points in préheated atmospheric: air.,

' The influence of the hydrogen-carbon ratio, the 's6-called "ny= -
_drogen number!;:on ‘the behavior of a-hydrocarbon n-self:ignition: -

“is undisputable

. In Teble } widely different hydracarbo
: bfzincreasin%; ydrogen:-concentration without
‘callconstitulion, . v T s




13- .- - Cyclohexene:

14 . Decalin:i . - .
15 “Cyclohexane
“17.  Heptane

19 * . Pentane
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S
The tabulation shows that there 1s no:absolute relationship,
applicable to eall series, between self ignitlion point and hydro-
gen number. The same applies to high ignition value and to the
range between self ignition point and high ignition value. The
picture is entirely different, however, if hydrogen number 1is
considered in connection with chemical constitution. .

Tébié"ut'”'

. . ' C:H Self Ig- -High Ig- Ignition
_No. Material , Ratio nhition - nition Range
PR L TREIIENS - BARO L D TUen- ~Yalie OgTTog

580 . 770 . 190" .
- 630 700 70
690 . 720 30
6ho--__ . T3 ' '
420 66
‘510 640 "130
- 610 Tho - - 1307
315 o 560 o 2RO
360 .. k60l 100
LEBTS. - 640 .- 265
¥4o .. 590 - . - 150
330 ... 50O - ITL70 -
I -1 S 1] 0 ) » '195:;
280 .c 530 . 250"
325 520 . 195 ¢
7300 - 560 . 260
296 560 - 26k
300 .- 580. . 280

Anthracene
Naephthalene
Benzene -
Toluene
Tatralin
Cyclopentadiene -
Xylene . .
. Octahydroanthracene
o7 Cyclohexadiene
10 " - Hexemethylbenzene
11 '~ Isoprene
12 . .. -Diallyl

* .
o+

=

o .
0" :

O = W =\ 0

Ol 00Ul

~J O\
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 In-Tébléﬁii;ﬂe;:and_jfthé'dbhpdﬁﬁdé'bffméblefﬁyafejérfanged~ad?
-iCOrding_EOjsingle‘sépies;’namely aliphatics, naphthenics and aro-

. matics;fandséven'in}ordev«of‘ascendingihYdrogenvconCenxfatiOntg =

‘This. way the figures of Table 1 for- aliphatics. show that inthe..

caseof o  du”ds;with¢similarpstrudtureg particularly :for homo-

‘“logous  series::(Exp. 4,5, 6) the self ignition pt. decreases with.
. increasing hydrogen number, the-hl h ignition -value, on the. other-
 hEndy, ; g
bond

dneregs

‘és;*,Isopréhet(Exp;tlhpyith,one,conjuggted,double”
< X 20.LE

" ring system is alvays connected with the introduction of side cheins,.
Thus ‘an ihspparable relation is displayed by the two quantities, so. .
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that in place of "hydrogen number" “aliphatic silde chains" could
be used. , 4

E However, if the molecule displays several structural relation-
ships, &s in the case of naphthalene and anthracene (Exp. 1,. and
2), of if the decomposing tendency of the molecule is consider-
ably increased by introducing a number of aliphatic side chains,.
the. relationship as regards to hydrogen ‘number ceases. o

Since the- experimental“esults 1ndicate that no generally
applicable rule can be deducted from the hydrogen number for. the
occurrence of -an ignition gap or the oxygen demend of self ig-
nition, without regerd to chemical constitution, therefore the
terms "hydrogen number" and "chemical constitution ‘are insepar-
ably linked together imthe- explanation of the self ignition pro—
‘cesses of hydrocarbohs. o . ;

3. The Influence of the Oxygen Content

: It is known that aliphatics when self ignition point is raised¢
Athrough their oxygen . content, for example aliphatic: alcohols, show
: characteristics that we associate with aromatics.~~;;j TR

Se f»Ignlton Properties of Alcohols. B R ik
S G, CiH:0- Sélf’ig-af High Ig- ' Ignition:
‘No. Material Formula Ratio ~-nition "pt. nition . Range °C?

T - R ;.V C S velue °C— ; i

24, QUL :

£ “increase:'1s 'so. consid " xygen rich aliph‘ Lo
'atic ‘alcohols (Exp. 1 and 2) approach normal aromatics very closely
in-their 'self- ignition properties.,ﬁxvery'smal,;0xygen content: 5. 88, '
for -example, ‘ectadecanol (Exp.:6) 1Is'h turally herdly. noticeable., i
The same 1s: true of" cyclo—hexanol (Exp.:S) that, on.agccount’ of its 9
‘nelatively small oxygen: content, possesses i a. definite\ignition ‘gapyi
‘too. The’ influence of _the: ‘oxygen content, hoﬁever, ‘is clearly In=:
dicated when compared to the diminished»ignition tendency of - cyclo-
hexane.%“
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From the data of Teble 6 and Graph 6 is shown that the effect
of oxygen exlsts, and that it 1s equally valid in the form where
the oxygen radical 1s bound; the same observaetions can be made in
the cases of aliphatic carboxylic acids (Exp.l to 3); ethyl ether
(Bxp. %) and naphthenic ketones (Exp. 5 and 6) as with aliphatic
alcohols. '

)

. . Oxygen acts directly opposlite with aromatics, as Table.¢ and
Graph 7 for phenols indicated, where vith lncrease in oxygen con-
tent the self ignltion point decregses, 1.e. the ignition tendency
decreases. The resistance of the aromatic nucleus to self igni-
tion processes in-thus lowered by oxygen substituted into the
nucleus.  This is equally valid to aromatics when oxygen radical
1s introduced in. the molecule, as Exp. 4 (Benzoic acid) and 5
(guinone)of Table 7 show. : ‘

Table 6 Self Ignition Properties of Oxygen Containing Aliphatics

: ; 0 CtH:O0T o Self i1g- High lg- Igni-
o, Material . Formulai-~ ‘Ratio. = .- nition pt. nition .tion
Rttt ‘ o L. °c . value 9C Range‘b
1 Acetic;ecid_ CgHuOg 1:231% - 570 730 160

2 . 0xalic ecid - CoHo0y l:1:2 : 640 680 410

3. -Stearic acid ._;018H)502 1:2:0,011 . .250 . .- 660" 410 ¢

L . Ethyl-ether. :CyHYQ0~ . 1:2.5:0.25 . 200 .. 500’ 300
5 Cyclopentanone ~C5H80 - 1:1.6:0.2 . ~540.° " ...600" . 60

) 1:1.67:0.17 ..~ 550 -«  680: ——ffiaot

‘LCyclohexanone u‘QGHIGO,atL

ke

o The loadlng of -an” oxygen containing molecule,'such as phenol
vwith alkyl. groups, as .could be expected, would cause .the previously
}menti??ed~changes -on- the aliphatic side (Exp. 6 (Anisol) and 7 (Xy—
wLenol : R st e e

The 1nvestigations are carried on.- The practical consequences
and*evaluations ‘which present themselves from ‘the previous: obser—
»vations, especially the . ones: ‘that.contribute to motor ignition:. i
:processes,.q Tclarify the interrelation between knock resistance e
.ofﬂfuels‘and hemical structure Will be'reportedvlater~ . e

'there only to" a‘certain extent : The . last decision o ‘the self‘ka
dgnition characteristics of all technical ‘mixtures ‘can only bevfn
,made by the*determination of the self ignition curve., P T
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Experimental Part

The ignition value tester of Jentzsch consist of an electri--
cally heated combustion crucible made of V-2A steel with four
equally large symmetricelly &arranged bores, each of 15 mm, dia-
meter and 40 mm. deep, out of which one serves as thermometer
hole and the three others as combustion chauwbers. Through a
central bore, 6 mm. in diameter and three radial bores, each 3
mm. in diameter, each one of the combustion chambers can be
equally supplied with oxygen, whlch 1is measured in every minute
with a calibrated.jet... The nozzle is installed in, such & vay '

that 60 oxygen bubkbies ‘amount to 5 cc. every minutd, The addition
oft the 1iquid material was done with & pipette with a 1 mm, dis--
charge and in drops-ef approximately 0.0lg. The solids were in-
troduced *nto the middle chamber with &~small- ladle. in equal amount.
_The vapor-regulators in the combustion chambers are exchanged after
each maeterial addition to rremove possible reSﬁhnm1and to rinse

the chambers :

Summary ST -,
elf ignition point determinations with pure ﬁydrocarbons and
'oxygen containing compounds from . the aromatic, aliphatic and nap<:’
hthenic series ¥ere performed, and the oxygen requirément. for self
ignition at each temperature ‘was determined I appeared that"

l.‘ Self icnition is dependent en temperature and the oxygen ‘:
1concentration of* the surroundings. o , ,

2; To .each: self ivniton temperature there belongs a minimum
oxygen concentration and to each oxygen concentration a minimum
temperature.g“ S . ‘ N L : :
RE, For increasing temperatures a’ smaller q4antity of oxygen
_and for highe concentrations of. oxygen lover temperatures are ..
wnecessary.-uInitbe case of: aliphatics and. naphthenes ‘that :have
SNO; congugated double:bonds: there are: temperature- ihtervals above -
~the 'self: ignition point ‘where. thim rule does ‘not apply;" and which_
is indicated OH" the ignition curves by an ignition vap.:1. _7>3~X::

Sy The“magnitude of the self ignition point the necessary
amount of oxygen ‘therefor; as ‘well as ‘the “cccurence of an.igniz -
tion gap.are. primarily dependent “on ‘the" decomposing  tendency. of a:
‘material - which;: in: tarn, ‘depends.on the chemical constitution.: i
It can:be. confirmed that_the conaugated ‘double bond: decreases_,,"
~self ignition tendency, and is of significance in: the stabilityi
’of aromatics re arding their ignition tendency.-wsﬁ ; : )

: 5 The influence-of the hydrogen number on the-ignition bes

haVior Is significant only when: consid
Chenteal congtitution..f v ered simultaneously With
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6. The self ignition point 1n.the casd of aromatics is low-
.ered. by oxygen content, and 1ncreased.aliphatics.
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The Relationship between Self-Ignition and
Motor Combustion Processeg.

By Dr. Carl Zerbe and Franz Eckert
(From the Chemicel Institute of the Univ. of Kiel)

. Part I.

(Self Ignition Charecteristics
and Knock Processes. E —

Up till now we heve not formed & uniform conception of the nature of -
Knocking processes., Numerous works point out the self ignition temperature
‘of the fuel as the most reliasble Indicetion of Knocking terddency, so that
knocking could be regerded as a process related to self ignition in the
engine. -Congequently the -opinion, that the ‘self-ignition quelities of an
engine fuel are of extraordinary importance for its sultability in motors,

is -more end more prominent.

o We have. already reportecll) on- the factors which affect the self-ignition
of fuels; we heve established the fact that self-ignition is principelly

. dependent on temperature, the oxygen concentration of the’ eurroundinge,
ag well a8 on the chemical eonstitu‘bion of the fuel, end is inclicated. in the

'following. S . . . _ S

1. Inasmuch as these factors_cen’ be transfez:red. to the processes in 'bhe _
cylinder, as observed. by Jentzach on ‘an ignition".value teeter, and. ’ s

2. Inasmuch as it s’eems poeai‘ble\to evaluat.e d.ifferent fuels with the '
'a'bove apparatus. ’ :

& The' i@ition value Aﬁl;»e_»ster of Jeﬁtzsch consists of an electrically
jheated oven with a number of V2A steel chambers_in which' the se];f-ignition '
of the par’bicular fuel 18 determinecl., Through a reguletor valve pure oxygen
in the required proportion cen be. ‘edmitted from & pressure’ container. The-

"oxygen mixture is controlled by a cali'brated. flow meter. - R

v By self-ignition pt.f (Szp) is meant that lowest temperature (ty). at
which, 4nr & copious -oxygen- currentr~(ueuall.y 300 to. hOO bub'bles per. minute)
sel‘t‘-ignition still occurs. o i o R o o

'the temperature at which, without direct oxygen adﬁ.ition, ignition still
occure is called. the high ignitlon value (Zo) \ RDR : :

"t".f' " The 1ow ignition value is o‘btained. by d.fv’iding 'bhe 1owest eelf- <
ignition temperature by the oxygen add.ition rate/mm. e necessary for 1ts

j'&etezmination, ‘plus-one. i S

v Characteristic ignition value (Zk) means the ratio of ‘the (to-‘t )
1 the oxygen. bubbling rate of the Low ignition value (bu) plue one.
. | | ;:;?kg = (b= )/ by + 1) -
) 1) Zeitechrift der Angewandte chemie w 1;5‘, ,591;' (1932)

N



The cracking process which precedes every solf-ignition, depends on the
erocking tendency of & material, and this, in turnm, depcnds on the chemical
constitution. The overall dimensions of this cracking tendency cen be ex=_
pressed by meens of the temperature required for self-ignition and the
oxygen concentration of the surrowundings, and cen be determined by means of
or self-ignition curves for the whole ignition renge (Fig. 1).

Theoretical Rglﬁfionship.

1. Chemical Strﬁcture P

. .Among the liquid fuels of the peraffin, naphthenic and arcmatic_series
the chain forming hydrogen-rich aliphatics ignite eagler, l.e., at a lower
temperature and lower oxygen ‘concentration, then the axrometics which are
‘poor in hydrogen content. The self ignition points of the naphthenics;
which are cyclic in structure, but resemble the aliphatics in hydrogen con-
tent, .are between those of thé two other hydrocerbon series. We showed-..—
thaet the "hydrogen mumber,” regarded as ‘the only significant fector in
these phenomena, can be a gulding principle only if the .chemical structure
is considered et the same time. Thus the double bond lowers the-self-ignition
temperature of every compound, and is responsible for the easy ignltion
tendency of] the arometics. A definite chain branching of the molecule has
& similer effect, &s the ignition curves of m-octene and isooctene '

(2,2; ki-trimethylpentene ) show (Fig. . -

77 ‘The following tebulation indicates how well the characteristic
ignition value shows the relationship between structure and thermal cracking
tendency; which best identify the knocking tendency of 1light-fuel oils,
Sl ' - SR Cheracteristic Ignition Walue -

BODZENE o « o e i b b 6 e aie e e e e . .0.19
CTOLUENE “w o s o o e s aie o . o weTeel - . 0.2h
Xyleme . i ieele e e e aie e o e e . .0.38
Hexemethylbenzene ' . . o o o w'e sieiiete’s & ST 0468,
POLLENG "% i s o o o o o« s e s o e.eeie ae o 3.1
HEX8NE = & o we o o oo 4 o 0 o8 aeal T e B35
R o Lo 2340

. Hepteane ™. . . . .-
S The ,ar‘éma_ﬁiqshave the 1awéé£ (below-1) the aliphatics, ‘on the other.
hend,. the -highest characteristic value,: Even .the ,gre\‘ya‘_berz ‘cracking - tendency’
of aromatics with long side chains &nd 1iphatics with long chains is . " "
clearly brought out in the characteristic ignition value. _If, for example,

in-the case of aromatics the double bond is lost through hydrogenation, the

‘cheracteristic. ignitidn velue takes on.sn -aliphatic cheracter. - P
a - S T S ' Chgrgctéristic_lgxitioﬁ' Value

S ) : A

HOXBNE i o o'a o o o o o s o oo oia bis e S

Hexene , “. .. .4 s o \ e e i et wiede 4T 3.1 “(1 double bond), -

DIallyl . o i e v e e et s e e eie e e e s 1.17 (2 double bonds) . ¢ .
cie e bee aee e el e e e e 0.39 (I conjugated double bond)

..Ipoprene



The influence of stereoiscieriom is elso shown by the characteristic
ignition velue (for exsmple: c:. i. v. of n-octene = 55, thet of 1so-

octene = 0,145,

The relationship between chemical constitution and self-ignition
is responsible for the results on the kmocking tendency of light fuel
oils in engines; since it is known that the light self-igniting peraffinic
hydrocaerbons with straight chains end even with increasing moleculer weight,
“behave very favorsbly; compounds with great ignition tendency, on the other
hand, such as aroamatics, 13liph'atics alcchols, as well as paraffins with
conjugated doublé bonds 2/ or with branched chains (isococtene) show great
knocking tendency corresponding to thelr easy ignition characteristics.
Naphthenea. stand, as e result of their partly sliphetic partly axcmatic
character, as in self-ignition, between the two groups regerding their
knocking tendencies. Ignition and knocking tendency are thus closely
bound to each other on a structural besis. C )

2. Temperature and Oxygen Concentration . ‘

. The :axygen demand for self-ignition of a meterial decreases meesurs'bly
with incressing temperature; to be sure, there are some temperature inter-
vals. above the -gself ignition points of the easily cracked aliphatics and -
naphthenes where the rule fails; this is indicated on the ignition cirve by
- en -ignition lag (Fig. 1). These ignition legs indicate thet in their.
temperature range e meximum emount of thermal cracking. is obtained so thet the
added oxygen mixture is too weak to be gble.to produce en -ignitable mixture-
with the suddenly 1iberated rich cracking product ‘mixture.  Thug a\n’on- i
fignitable mixture. is produced. in the ignition chamber, to which the motor .
expert refers as ™00 rich". R ‘ , -
Srince the temperature and the oxygen concentration increaseﬂith com-
pression in the cylinder ‘space elso, the: fact, thet “the ¥nocking” tendency ;
-of ‘the- fuel . increases with compresaoﬁ, is proved by the interdependence of
Ltemperature end oxygen: concentration which was already. o‘bserve‘d. in the, .
ignition velue tester.  The- ebeer—vatios,—howewr, is not’ clesr, since du.ring
compression, ’besides oxygen- concentration, temperature and pressure change ’
too..‘» . R Ly B - :
7 We 3. therefore, conducted. experiments in an engine in which we veried .
“the Oxygen concentration -alone by the additiori of .oxygen through theesuction -
tube. of the" engine at constant’ pressure and temperature, and theén we varied -
the temperature at constant pressure and’ oxygen congentration by veryin&
cooling. ».The' results, vhich were :f'ully explained later, *Were briei’ly as
followe' (R v RN : i ey i

If, at constant pressure, ”temperature and other working conditions, k

.2)Fr1tz Hoffmsnn and coworkers. :Brennstoffchemie ll; 326 (1935)



the oxygen concentretion. is veried, then with -increasing concentration the
kmock resistence of every fuel is lowered to a certain extent, so thet even
the knock resistant benzene. develops signs of knocking thet can lead to a
complete stop of the engine. With increasing oxygen addition an increase
in capacity 18 also developed under the increased ignition pressure. #Past
a’'certain magnitude of oxygen concentration capacity 1s asgein decreasing
in spite of rising ignition pressure, since the tempercture increase,
connected with rise in compression and favoring performance, is lacking.
Thus the capacity reached by addition of oxygen is not quite as great as
that obtained vwhen this same oxygen concentration is brought ebout through
compression riee. .

- If the experiment is conducted. with increasins cooling water temperature
then the capacity cen indeed be relsed end yet knocking develops correspond-
ingly essier. ZEven though these experiments do not wholly reproduce the
conditions of & practical operation (since there the oxygen molecules are
imbedded to a certein degree in a padding of nitrogen, while the nitrogen
cushioning is lacking in our. experiments ), yet they show that the _oxygen
concentration and temperature baaically influence the knock processes in.
the motor Just as much as the self-ignitiocn does in the tester. The figures_
obtained from ignition value tester thus Justify us, even though pressure’
is neglected, to draw definite conclusione ag-to knocking tendency. -

The great ini‘luence of. oxygen concentration on knock resistence is
revealed also. in practice .in the fact that by increased fuel supply and the
conbequent oxygen content decrease of the. explosion mixture & not too strong
knocking can, as & rule, 'be eliminated. Y :

. ‘Ina treatise on the in.fluence of catalysts 3) we could. show thet, even
in the presence of contact materiale, gself-ignition a.epends primarily on:
temperature and oxygen concentration, and that %he individual contact —7\_’
‘catalysts show a contact.effect . in two weys, which are similar and. charac=,
'teristic _even thoigh varying in’ magnitud.e' with-plenty-of-oxygen. the con-
Ry eatalyst speeds -up self ignition, 1.e., the self lgnition point sinks.
~If, however, only as much oXygen ls supplied as would be sufficient for.~
ignition without —a—catalyat—,—-then, ag"a rile; no ignitien. .ogeurs,-1.e, “the. -
~speeding up action of the ‘contact catalyst ig” not only missing, but the re-
action is retarded, as we know the case 1s with anti-knock: compound.s. :
Indeed, depending on the oxygen mixture on hand, the contact catalyst acts
veither as-a. "whip" or as a "brake." The observation is read.ily evaluated.
in’ practical engine workh

Pr’.a"tical Evaluation._v : ":’ <

L “The knock ‘resigtence of & material is d!eterminerl nowad.ays 'by comge}rison g
tests on a’ machine and. is exﬁressed 'by the so called. octane num:ber

N N

-,

j&eitschrifte f. e.ngewand.te Chemie 1|»6 65? (1935) SRR --"
1')"cri kauf“ 905/82 (1932) Pamphlet 43 ' - -

5 )mhe octane nunber: gives the percentage[of isooctane mixed with n—heptane
+111 ‘the mixture. reaches the knock resistance of the material ‘tested.
o - . . o L . o R

-l e



since all other tosts, such as dietillution, eniline point, fire point, otc.
£ail to work. To the following determinations, as to how the individusl
volues donoting (self-ignition of engine fuels:

1. Self-ignition point o
2. Low ignition volue

3. High ignition volue

4, Cheracteristic ignition value

5. Ignition delsy

are. reloted to octane number and how.they cen be used in the. knock resistance
‘values of light engine fuels, there will be included a8 compexison materials'

1. Engine fuels whose octane number was determined wnder verious .
test conditions! ). - ,

)Engine i‘usls whose _octane mmﬂ)ers were determined by the CFR tes‘b
method . o )

Since the octane number is not an absolute quantity endr is strongly dependsn -
-on working methods and. test motors, both 1ines of investigation should be
discussed separately, B .
6 ‘ . . ] K S
.Eugine fuels of D. V'.M. ).

Counmercial eng!.ne fuels ‘of various ccmpositions were’ used in the D.V:M. 'bests.
The knock value determinations for the engines, ex‘pressed in octane numbers,
indicated thet in engines of equal construction differences smounting to as
much as 12 octene number units otcurred. . The impossibility of developing:a
u.niform:ly agreed “upon method for test englnes of different construction 4in .
order to obtaln uniform Imock values illustrates the difficulty of o'btaining i
values of all, which would indigate. the worklng. qualities of all fuels in all

'bmes of engines. ).

o If in the ZD.V M. tests the. calculated mesn value is taken as - the 'besis,
as the - one nearest. to ‘actual conditions, then the ord.er of magnitude of :
Table 2. on besis of meen- values ig o‘btained.. ‘ o N ,

)Comparative engine fuel testing conducted on’ the suggestion of th,e Germsn
—Society: of Material 'l‘esting for proced.ure (D.V M. ). “gee. Report. TR A
6)Ki' 140/1* TIT The: Material Division of the German Research Bureau of Air
Travel (:D V.L.—), 7-19, »1932.., BT o i
7)‘].'he engine :t’uel aemples wers. mads availa'ble to us 'by Rhenania-Ossag g
and Derop, or vhich ve herewith express our appreciation. : _' : . 3

8
)Even in the cmnbustion ,space of m“ﬁors made knock resista.nt 'by a fixed. d.ivi- -
sion. o S L



The devietions for low ignition velues-in the ignition value deter-
minations 6f Berlin end Kiel ere so slight (within 0.4) that & good re-
produci'bility of the ignition velue method cannot be doubted..

Self-Ignition Point.

'nm self-igniticn point can be used in discuesing kmock resistances of
engine fuels of uniform chemical composition only, beceuse the componénts of
a mixture can essentially ralse the knock resistence without noticeably
chs.nging the self ignition point (see Teble 1.)

LTow Ignition Value.

The dnfluence of the mixture cmnponents on the self-ignition can be
comprehended mumerically better by the low ignition value, ‘because through |
it the oxygen, needed for all materials in igniticn, is expressed..

. TABIE 1. -
Material I Self-Ignition pt. Oxygen need . Low ignition

: in oc - in 'bubbles/min. , value
Gesoline A 205 . - 28 7 10.2
Gasoline A+ 200' '.Benzol . 295 C 38 e 7 55"
Gagoline A + ho% Benzol .oe95 L - .46 : . . 6.25
Gasoline B 300 .0 ' B T~ - TL0
Gasoline B + 20% Benzol - 305 v o7 5. -5.55
Gasoline B .+ l;o«z, Benzol CUB10 T e T T e 3
Gasgoline.C - . R “ 300 L ] s . © . 5.45
Gasoline C *+ 20% Benzol +315 0 68. . 1

Gasoline C he l;O% Benzol . 320 e -'78 S0 h,05
: -'—ﬁ“"It is—also admitted that addition of ‘benzene effects distinctly the
individual gasolines. o . i :

RS
’

: If in the case of D. V.M. gasolines the average octane numbers are com-
pered ‘with the:.low ignition vellss, thé decreases in the low ignition values
do not. correspond perfectly to the increase of. the octene mumber (see Teble 2),
which must. be, gccounted for by. the fact. that through the: low ignition ;value
the’ :E‘actors ) important to- ignition tendency (temperature ahd . oxygen. demand )s
are o'btained, but not the decomposing quality important to knocking tendency.

Cheracteristic Ignition Value. e S

- These three factors are 'best expressed quantitatively through the :
: characteristic Ignition value. Consequently ‘the’characteristic’ ignition
‘yaTues-with the & v;rage octane num‘bers in o:rder of rating agres well with

the engine tests.
- "6 .



If the cheracteristic ignition values ere plotted ogainst definite iso=
octane heptene mixtures in a coordinate system (Fig. 2), then at times the
octene number corresponding to the characteristic ignition value can be read.
Considering the large differences in the test values, from which the engine
mean values were calculated, the octene numbers calculated from the character=-
iptic ignition values dgree gatisfectorily with the engine tests 111 engine
fuel 7. Where this disagreement originates from, will be discussed below
later. :

" . In Fig. 3 the characteristic ignition values of D.V.M. engine fuels
are plotted against their eromatic, paphthenic, end paraffinic contents.
Similarly to knocking tendency, the characteristic ignition value decreases
at high proportions of aromatics end mephthenes; at higher peraffinlc con-
tents, however, it increases. : ' , .

. TABIE 2.

Engine = Mean octene - Low Cherscteristic”  Octene No. =~ Ignition delay
Fuel ~ - No. by Ignition "Ignition value Calculated " "in sec. &t
No.  'engine test Velue R ., . from 3200¢
T R B o ' Ch. I.V. &_-120 bubbles
“ - o of Op/min.
7 68" 6.4 k.9 =58 4.6
10 68.6 . 5.3 R 63.5 -~ 54
g ol 5.5 3.8 70 ¢ 6,0
6 81.0 3.6 2.8 .. _81.0 5.2 :
5 8,2 3.4 2.3 85 6.6
] . Bh.5 3.5 2.5 ©.83.5: . . 8.8
: Ty el 861 ooh6- , 2.6 : 83.07 - . . 11.0 with
7 ‘4. 20% - T P e N 249 0 8- . 19% Alcohol
Benzene o : - o o e
9+ 20% . 75 : . L mmm 1_»3.0__. ' o 79.5".
Benzene ~ v e LTI T e E TN N
10 4+ 304 -+ 78 R 2.8 81 VT LT

" Benzene addition, too, is indicated .in the octane number, calculated. o
from the cheracteristic ignition valiies corresponding to the sequence of the
engine tests (Table 2). C e v L e T

Mhe Tgnitdon Delay. . -« . oS

- © . Besides ignition temperature, the delay betveen the introduction of the

" fuel and its consequent ignition is.-also a fector in the cylinder...In-the - -

. case of engines with spark ignition the self-ignition and with it—the Knock=—
ing tendency of & fuel csn noticesbly be lowered through ignition.déley. .-

‘

" “fable 2 also shovs within what Limits the ignition deley cen fluctuste -
for -D.V.M. engine fuels. ol e e ‘ SRR S R

" " me great ignition deley of engine fusl k is due to.its Blochol. content
(19%), since with incresse in alcdhol addition the ignition delay of an =



ongine fuel also increases (Fig.4) Thus it cen be concluded with good
“probability thet. the effect of alechol addition to reprees knocking cleerly
depends on the igniting delay ceused by it. Investigations ere in progress
in order to correlate ignition delay with octene ratings cobtained from the.
characteristic ignition values. : : .

Comperison Teets with C.F.R. Test Procedtwés.

The gasolinc ssmples whose octene numbers were determined by the
C.F.R. method, as well as the secondary standerds for engine tests were made
aveileble to us by Derop end Rhensnie-Ogsag. - On the besis of Fig. 2 ve_

made out a calibration curve with the secondery stendards and derived fram
it the octane number corresponding to the obteined ignition value of the

fuql.

-

Derop Gesoline, R | o g

o With six gasoline éamples the Derop shcwed the rele.tionship'betweeﬁ'
C.F.R. and the octzne numbers celculeted from ignition velues as tebuleted
in Teble 3. _ o " _ ' .

Number = C.F.R. Octeme No. Octéne"Nov.' Calculated
- ' o from Ch. I.V. .
1 L 172
2 27T e e = 6875—
3 COTL o . e 60
. b L85 . . BL.5
2 B s i
8 605 . .o .- .o

The niferical agredments correspond to the results obtained with D.V.M.
fuels. S R N IR '

: ‘Rhena.n.i‘a-bo‘ssag' Gaéol_inéé .

_ .In cooperation With Rhenania-Ossag 31 comparison tegts were so far con-
. dugted with all types.of engine fuels.appliceble to carbiwetor ‘type engines.
T The investigatiohs indicated that the fuel can be classified similer to
‘esrlier tésts with respect to. the C.F.R. ‘octene’ rating; in Group 2, = B
“however, differerces smounting to Tore than 20 octane nunbetr's ‘#re noted.

In the case of ‘these fuels the guestion is whether' cracked ‘gasoline or:
‘mixtures with large cracked ‘gasoline or alcchol content are present.



TABLE 4.

Test Results of Fhenenia -~ OeeagiA.G. -
" with C.F.R. Engine

" Group I

Sequence No. Maxrk C.F.R. Jentzsch _. Difference
- octene No.. - octene No.

31 S ¥ ¢ +6
45.5 ... k8 , +2.5
52 . 48.5.- -3 S
57 57 -0 )same
57 .. 60 e *3 )semple .
62.5— . 58 - -4.5 ‘
g 67.7 . . 61.5 6.2
o 68.3 ., 66 .. -2
68.5 ' SL 60 - -8.5
Y 13.6 T +0.6 -
- TS . 17 +1.5 )eimilar
- Th.5 66 -8.5 )semples-
75.5 - T2.5 =3, ) o
755 = 0 J0 . T =5.5. ’
8.6 - 88.5 . +1.9
- 95 o - 97 A +h S
O I .90 o =5 Jsimilar
Lot 96 L 8.5 ©=9.5 . )sample
: SqE 65.5 . -8.5 :

[
W
\

& 5
!
fooEyLRougegyEvows

26, P~ & Womo T e

21 B 6T 55 ... . =15 .

22 P 6T IR £ B C B S

23 . CFe Yo7 bt e ne200 Y Jeemie
ah to A )t 6T L5200 =15.5 )sample |
25 TR ) 6L ok =20,5 ) -
26 G 69.5 T T 55 e e SER s T
BT e He ) 0,5 L D 88 i e =1205. )same
88" U H. '.x72 e The e -R6 - Jeemple
B0 e L P55 e 59 e 16,5

e BT B : -

- *) D,¥.M. Fngine Fuels (see Report KF .40/3 Materiel Div. D.V.L. Sept. 1952)

' " "9/ .



Investigations conducted at the present readily indicate that these disagree-
ments are due to the fact that the chemicel structure of these materials devi-
ate from normal engine fuels and that they ere strongly umssturated. Same in-
dividual camponents of such a gasoline are probebly subject to self i@ition at
a lower temperature and oxygen concentration then the mixture. These premature
component ignitions are indicated perhaps by nothing more than an occasional
knock which cannot be noticed in the C.F.R. tests, because the C.F.R. test 1ls
based on strong knocking causing & failure of performance. Since it is very
important for airplane engines to discern a light occasional knocking of the
engine fuel, the strobophoncmeter was developed whose measuring range is
greater than the knock pin employed by the C.F.R. method. With this instru-
ment the difference between C.F.R. and ignition value octane number of group
2 will be further adjustable. '

The difficulty of knock determinations in test engines, due to wm=-_
saturated constituents;, is characteristic of—the D.V.M.—testing, t00;- with-
out. gasoline ffcm lignite and synthetic gasoline, both of whi contain a lot
of cracking products, show the most widely-differing results. 9 Even with - __
equally comstructed engines.(Delcomotor of D.A.P.G. and of I.G.)-Iignite -—
- gasoline showed 10 octene number differences (ilodine:no. 46.7) which made the
observer 10) recommeénd “thet it would 'be fitting to investigate these -dsvi~
ations still closer"

—
- - 'Recently Philippov!&h pointed out thet the investigations conducted. in
Germany . indicated that a certain agreemsnt between test engine octane numbers
and the practical behevior of the engine fuel exists only in the case. of natural
gasoline. Cracked gasoline end "its mixture therefore must have-an essential_ly
higher octane number.to give an acceptable performence and combustion. With
alcohol and anilin ccntaimng engine fuels also the agreement is bad.
H. K. Cummings 1) stated “the same ab‘out the }mocking properties of

aviation gasolines, and poirts out that the C.F.R. values and actual ehavior
of- avigtion gasolines agree only for a certaln group. . An Americe, . there=~
fore, the C.F.R. Committee should approve of ‘the C.F.R: test method for - -
-aviation fuel testing only under the. condition that- cracKed gasoline and
mixtures of considersble benzene content should be excluded. It seems there-
fore. proper, _in evelusting the relationship between ignition value end engine
octane numbers,” to conslder the engine fuels of Group 2 only when it is agter=
‘tained how: valid the C.F.R.- values are” in .practice for unsaturated m'acked
_gaBolines and ‘alcohol contalning engine fuels. . -

; "o ‘The: :.nvestige.tions show that the’ ccmplicated knock process cen be
: clarified vartially if we go back “to “the basic phenomene of self ignition
“and transfer these to. the process. T F \ R

. . . B [

9).see Report Kf. h0/13 I D.V.L. 2. 5 Per. 1 and_ 3,
10)ge DL, oo L 8
v ll)Reports of the World Petroleum Session, I.ondon (1935) L

.le)Private cammunications of the Secretary of the Cooperative Fuel Research
Steering Committee. e . U .

v= 10 -



Sumary. .

1. ‘The theoi‘eticul relationship between self-ignition and knock processes
were discussed and evalueted from the practical viewpoint.

2. The oclgne numbers calculeted from self-ignition characteristics are
closely releted to engine octane ratings in the ceme of netural gasoline
(Fig. 5). With gesolines that contain a large percentage of unsaturated
components or alcchols, & large deviation can occur; these deviations will
.probably be equalized when it will be possible to note reedily the knocking
stert and intermittent knocking. Such engine fuels can be referred to
ignition- value methods for evaluetion, only if it is determined how well
the test englne octane mumber agrees with actusl behavior in engines.
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Fig. 1 Self—Ignition Curves for Octane
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SPECIFICATIONS FOR GERMAN NAVAL FUEL

Translation of a documeht photographed on Frames

70566 through 70568 of TOM Reel No. 175 (Navy Reel No.5895 l)
and comprising Item (L) of the TOM 175 index.

Naﬁy Department
Bureau of Ships
.30 ‘October 1946

Translation by
‘Mayer Schwartz, S2/c,USN



Quality Roguirements for Marine Fuel Oil.

- Fuel 0il from Petroleum Fuel 0il from.-.
' . Hydrogenation ~ Bituminous
“ Syntheses . - _Coal
Appearance : - Clear
Mechanical Impurities. L , " met be ebsent.
Sp. gr. at 20° c. - _Not-over 0.88 ' . not-over.0.90

Subma.rines need fuel oil of sp. ar.
between 0.84 and 0.87. The bulletins
of the Central Bureau on Mineral. 0il
use this range throughout. In case a
el oil-is delivered with irregular

_ 8p. g, vhich is very easy to avoid
1% 1is Imperative. to ca.ll specia.l -
a:btent:.on to it. .

.

Viscosity at 207 ¢C S ARV ..o .Not over 2.6E
Gl T T SRR - .~ . ‘Not below 1.2E .
Flash point gp My- e B R ‘Not below 55° C
“Flash.point (DVM) - | Sl ek e Not below TOO G
Boiling Rangg : IR CATE LUt A% least 605 shoidd.. ..
: ST T e 3 a1 7 over below 350°C
Water Comtent -~ . o o Sk ot over "Qu5% o
= Ash-Content I R L B e ';_‘;.l\l‘ot_over 0: 05% R
" Sulphux Content S Not over l’.O%", S .. Not: over 1.5“’
Noutralization No. ' .- ERP B LT UDE R Not ‘over L5
~Mineral-Aeidg oo T o R - . Must. be_absent. . ‘
"Cold’ 'Behé.’v’i‘br" SO Vel Mus'h flow and 'be frei from. precip:.ta-be
Ml B R R ki v “ab 092G e
Low Hea.‘b Valu.e el [ Not 'below 99oo Kcal/l:g
hNot over 0 8 : .ot ‘over ls’a

Not belotr.32

X : th ,agrba.tiqn op: ta.nd:v.ng for one ha]f_
hour, water a.nd 01l Jmm‘b ‘be' or:-‘well separ ted. that & possi'ble layer of emul on’
“would not ‘be. wider;than' one gra.dua‘bion ma:kk ’( ; aasel

‘Sea. m'ber vill “apon’ req_ues'b be sent frczm ‘the: Na.val Dock,w,;.‘ )

—éhould ‘b performed.
Na.chschuh D;Lvision (23) :Ln Ach:.n a.nd Bremen res;pective]y. :




'l'ho fuel oil must show an Ostwald color of, at least 4-5., Naturally
lightor fuel oils are brought to thie color tone with Sulan Brown R and black
varnich.  Colorless oils attain this color by addition of

' 1;:33 Sulan Brovn R ;To‘lkgofﬁmloil

The coloring mterial can be o‘btained fram

Marine Service Stations: ‘I.G. Farbenindustric A.G. Agency
LT T : W Berlin W, 7, Unter dem L:Lnden 78

Firms: E ' 1.G. Ferbenindustric A. G. Frenlkfurt
Anm Main-=7 .

A Tuel oil, which does not meet these Bpec:!iica.tiorns, namely, emz:l.sion
strength, coloring of water and color depth, can on.'Lv be axrployed -for mi'ace
craft or 'by land customers, not for mﬂmarines. T } S }

'Quality Reg_uireunents For Special mesel 011 T

The specifica.tions of: mrine fuel oils app]y SDK 2 (SpeciaL Diesel 011 2.)

‘wi'bh'ﬂze follawing excep‘b:l_ons e : o G \ ‘ -
Te el Fla.sh poin'b - Not fbelow2l o : "..
' Viscosity.at’ 2o°c . Tot below 1. AR - \

S The specifications of e;m:.lsion beha.v:!.or coloring offwa:ber a.nd color )
. depth do not apply o SDE 2. ST i R o

: S:DK 2 fallsﬂ.nto Danger Ca'l:egory A2 of the Police Ordna.ncev,_ B
,-bra.de of inflammable; 1iquids.. Pemission 18 Herewith given for imarine VIR
; v-‘y;d:i—stric'bs“to store SDK 274n conta.iners pro'v—lded for. Danger-Category 3, 0TE in

U Bome: special ~cases SDK2 ig:mixed vrl'bh ‘merine fuel’ oll: (whic y is_ ermissible) 2




(2)

- (3)

RO

“add,, :Lm_porbant ‘when.the motor: is—_turned on and. when; during operation, :

".'Dho ﬂaabpomt, vhich 1lies between 21 and 55° o, nooossita.tes'tho

groatost cleanliness in the operation of the engine room, especially
at the tanks, when starting the motor and dwring operation. Before .

.the new fuel is talken’ aboard, the complete setup of the vessel showld

e most serupulously examined for tightness.and existing defects

* should be dons away with, The entoring fuel must definitely ervapo'ra.te'

at leaks tha‘tr’develop during opmtion. The. mpora.ted fuel shovJ.d be .
removed from the -engine rooun. ‘ ,

- Ftwl‘zmmt 'be kept out of ‘the 'b:llges. ’

The discha::ge plpe of the fuel container Bhou:l.d be seourely a.tte.ched,

.and lead up to the deok, 4in’ order that the fuel that mms' over wn.l

" .. not be eble to get into the engine room.: -The vacwm pipes mmst & . -

+ gimilarly lead to the deck and_thelir openings should be protected wi-bh
% flame filter sa.fety devioe or a Da.vy type w:lre screen. Do :

o ," The engine rooms a.nd the compar'lznents, :Ln whioh the fael oil con'ba.iners
- are,as well as the billges ghould be evacuated .as effective:ly as possi'ble
with the naturdl and:artificial vacuum. appar&g ‘

o8 on hand' ('hhe fusl:’
vapors concentra'be in -the 1owes'b parts of-the ccmpa.runents). ‘This. is i

leaks are noticed ’ “that. develo;pl- at fuel ou:blets or:on the motor,





