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GZRMAY ¢3 (CREEN) TYER AVIATION GASOLINE.

PROFERTIES, COTPOSITION mT') POS SIDLE FETHODS OF YUHUPACTURE
OF SAiFLES OD'].L:-\...? LU J.l“-'..— Ti uu.u..'a D QTR i‘)l-f-\, TO AUTUMIT 19-:—3.

SUHLARY & COIC CLUSTOS .

-1 . 5 . o . 5 . D
ol of 3% years, since the introduction during the

wmer of 1940, sore 22 authentic samrles of the

Spread over a perdio
in bS]
olinec, have been u,’.‘?ml'ch 1 of these tf dotailed

Py
Battle of Britain in the ilats
green G5 tyne of aviation gns
fractionation and “-n.lvsn.o.

It is concluded that this gasoline consists of a blend of at least
three components - ’

(2) 25-30% of light-cut gasoline (ca. 859, erd poinf).
b) 60-50% of highly aromatic naphtha of low volatility,
c 75-90‘/ of synthetic oma.-e. o

it is furuher concluded tba’c all three components are produced in con-
.junction with hydrogenation plants, = The aromatic naphtha is hlgbly characteristic
and is considercd to be the product of high temperature "aromatising" destructive
hydrogenation of a bituminous material. The octane is considered to be the
product of a low tempcrature butylene polymerisation process which gives large
amounts of 2:2:4 trimethyl pcntanu (it is not alkylate) which is probably operated
in conjunction with the hydrogenation plants.

Composition and specification have shovm only minor changes from mid

1940wy to carly 1943, when the engine perf ormance was increased from 95 weak

110 rich to 97 weak 125-13 30 rich by adding 5/5 more’ octane, 5-10% more light

petrol and most of all by romoving 8-10% of hi c*hn,r boiling mpb‘b}‘encs by some

further denydrogenation trm’crwn’c ,

ssible German fuel position are followed
nterest arising out of the azmlytﬂcml work,
described and analytical resulis ta 'bled

. Some speculations as te the »o
by a discussion of' the main points of in
wm.lc the actual an lytical methods are
in Appendices T to V. '

SrECLIIATIOTT ON GIERUAN AVIATION PUFRL FOSITION,

When the whole position of aviation gasoline production-in Germany is
considered, it is seen that throughout the war there has becn a marked p“nf’ercnce
for gzsolinc rich in aromatic ’n.ydroc"xrbons. This preference for aromatics is
shown firstly by the green €3 type of aviation fucl which contains 35-40%
aromatics, and is considered to be based largely on a highly aromatic hydrogen-
ation product and sccondly by the blue Bh aviation fuel whick for three years
contained 10—1579 aromatics and is now up to 20f% aromatics and is now considered
to contain some of the same aromatic naphtha made by hydrogenation as is present
in the green fuel., Motor gasolines also often contain large amounts of added
benzole (up to 25% benzene addcd to Fischer Tropsch material) and it is probable

- that some benzole is also being added to the aviation fucls (possibly in a hydro-

rofining- proccs.>)

The h:_gh aronatic contents are wcll knom to be particularly useful for
rich mizturc performance and the green €3 fuel has been found to have a very high
rich nixture rating when exomined under British standard test conditions. However,
such trials as have been carried out with captured German engines on German green
fuel, or a match for it, have indicated that German engines are not taking full

advantage of the possibilities of green fuel at the rich end. At the weak

mixture end, on the other ‘m.nd there is a dcficiency in fuel pez formarice as

Judged by ‘chc U. K. nm.hods of test for 100 Octane Number fucls.

In view. of' the large potential proauction capacity of naphthene fuels
and synthetic octancs in hydrogenation plants which the Geimans have, it is

surprising to find an apparently unbalanced fuel of this nature, but the

explanation seems to.be that official policy.at or before the outbreak of war
was to concentrate on aromatics as high octane blending agents ‘rather than
synthotic octanes.  Thé hy ydrogenntion plants are,. of course, as capable of
making an aromatic hlonding agent as a parsffinic,
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inte aviation or motor gasolind zre those made by such 'aromatising!

ATC going

Trocesses wileh consume relatively little hydrogen., Tt is foirly certain in

view of the maried shortage of iszo-pontanc that no plants nre being onerated in
Germany using sensitive-catalyst vapour phase hydrogenation nrocess such as that
used in the Ui, which produces ~ volatile avintion grsoline and much iso-pentane,
but which alzo conzumes more hydrogen,’

The synthotic octane found in Cerman green fuel is characterised by a
high proportion of 224 trimethyl wentnne, It muy be that this particular iso-
octane is valued for its high weak mixture rating, It is considered that the
cctanc is being made from butone produced k-

7 hdrogenation nrocesses, using a low
temperature high throughput phosphoric aci polymerisation process, prcbably
operated with partial polymerisation so s 1o inerease the vield of 224 trimethyl
pentane,

4% the end of 1942 there was an appreciable change in the composition
of the greenm fuel, the octane content rising by 5 per cent and the high boiling
nophthenes content falling by 8 to 10 ver cent due to further dehydrogenation
treatment.  These changes had the effect of reising the C.F.R. motor method
octone rating by 2 points, and the 3C rich mixture rating by 15 points, The
ceange 2t both the weak and the rich end has been largely due to the removal of
the high boiling naphthenes.,  Both main engine and single cylinder aero cngine
tests carriecd out on the green fuel have indicated very clearly that, ot least
by our standords, the German mein engines are not taking advantage of this
incrensed rich mixture performance, The solution o the puzzle of why the
Gernmans have an aviation fuel specification apparently far better than their
engines would seem to necd can only come from further work with German engines.

It is olso difficult to Find o renson why, when at the end of 1942 the

Germnns declded to improve the quality of this type of gasoline that they showld
irtroduce an additional aromatising or hydroforming type of delydrogenation

process vhich had the effect of increasing still further the (apparently surplus)
rich rating ard still further unbalancing the fuel at the wenk end rother than +o
expand on octane production and inerease the (epparently deficient) wealk rating
wiless therc are some unkmown factors limiting octare production or which make
this cowse preferable from the German point of view, Ileamvhile the following
are possible explanations:- :

5

1. That the policy of using aromatics as the min high verformance _
additive inevitably leads to o surplus of quality at the rich end.

2. That owr test work on German fuels is not rating them as they
are rated by the Germans, In this cornection it is wnderstood that
the Germans plot the B.M.E.P., not against a specific consumption, but
ageinst 2 per cent of theoretical air consumption based on the hydrogen
carbon ratio of the fuel, One set of data has becn plotted in this
vay and shows that the German green fuel is displaced in ~ mamer
~relative to British 100 octane grade so that the weak mixturc
performance of the German fuel is rated as better than the British,

3. That this improved mreen gasoline was introduced at the beginning
of 1945 in mnticipation of a now serviee engine which would make full
use of it, but that this engine has been delayed by Aevelojment troublos,

DISCUSSTON.
m

1) Samples Obtained. ‘

Green (C3) aviation grsoline first apperred in aircraft destroyed during
the Battle of Britain in the late sumer of 1940. The total number of authentic
samples obtained to date is small; so that it is wmwise to draw conclusions as to
the extent of use of this type of fuel, although from total actual samples
received the indication is that less than a fifth of the total operational planes
use this type of moterial, '

Sone, twenty-onc samples of green C3 aviation gasoline have been recorded
(Apoendix I) and to date fowrtaen have boen analysed in deiail by fractionation
(4ppendix IT-1V). : B



. There vas o
of aviation gosoline

fosoline was being ddsconbinued;
this fucl is still being uscd,

2)

period towards the end off 1942 vhen
vere encountered that the sugrestion

“

Usc of €3, Lviatien Geosoline

Capturcd docuwunts infex that this type of aviation

in at least two types of wmotors. -

..5..

g forr

Dainler Bong D.B. 601 N., and
e

L)

srples of this type

crose thet the use of thic
a nuoer of rueent saaples have shovm, however, thit

oline must b sud :
the B..W, 801, C & D, :

There are cases of its usc in Junkers mechines, although practicdlly 2ll recont

sanples are from F.W.190 fighters,

WAS

! : The indication

the Bl., blue~coloured aviation

that this fucl (dinitielly of 9%4=95 C.F.R. nctor rating)
ves a spocinl fishter-grade fucl as ddstinet from the bober ond penercl ;

gazoline of 90 C.F.R, moctor octanc nuiber,
< recent He,109 F, fishters with D.3. 601 B cngines hoave veen operabing

vurpese fuel -
Some fedirly
.on the B

gasoline and thé contentisn that prosont acro-cngines uscd by the G.hePe ore not being
cperated to toke advantage of the rich mixturce potentialitics of the C3 tyye of
gesoline rendur the reesons for the introduction wand use of this fuel somevihoat

puszling,
L nunbver of
some from the Russicn front

3)

General Doscriptican

somplos of this fucl have been obiained from the Hiddle East and
(tevle T hnlenddx I).

oF Greon G3 Tyoc sviaticn Gasoline - Suocification

The lead contont of the creon C3

lover grade B4 blue zasoline,

The average propertics hove been

} = Ve 12
(see clzo Jopendix
4

ragsoline ig the sase a

=
s thot of the

X e
o Ceds Belee
Colour flucrcscent yellovw-mroin Blue
Xnock Ratinra: - (2) (b)
E C.l'4Re Motor , 94,95  96~97 90-91
3-C Rich mdxturc rotip 110 125-130
Bose spirit, lead~frec C.i'WR. motor 83 83 72-7k
> M " lead & aromotic-free :
> C.¥.R. motor 77 78 67-70
*tetra cthyl lcad mls/U.S. gal. b6 L6 Lo 6
density 15/15 -6,782 0,770 0.733-0.748
Volatility % to 75° 7 15 20 -
" 1" it 1000 w 50 55—60
" "o o300 77 85 95
End point °C, 185-175 175 160
" " °F . - 365-345 345 320
Butanes + pentones % vol, 6 10 8 -13
Reid vapour pressurc 1bs./sg.in. © 3=l 5 5 -6
Aromatics % vol. 37 37 9 - 20
The C3. type of gosoline is rcadily recognised by such tests.

° Eorly in 1943 chonses occurred in the 03, gusoline towards'a more volatile
fuel of increased performance as showm at (2) and (b) in the cbove tuble, This
chonge is discussed morc fully bolow, _

* L) Hydrocarbon composition - Interpretation

The C3 type of resoline is of low volotility for en aviation fucl el

contains nearly 4GH of aranctic hydrocorbon.

of synthetic octancs,

Tt has also been shom to contain 15-200»
sbout 14 samples have been cxoamined in detail by super- '

froctionation and also in scveral cases DY spectroscopic analysis.



the areonatic hydrocczbons are highly
i ion of naphthence hydrocorbons.

The interproiation of such anolyscs dnvolves comperison -—with as w Jﬂc o
Tield as pessitlc of urodacts from imowm sowrces, It has alweys been emphosised tho
conclusiins vascl on such coanparisons ore mueh stronser when boasced o wide
3

dissinilaritics in campesi

n. Thus it iz poseiblce to conclude positively that on

C
unknoim hycrecorden mixture has not been obtained fron a certain zowree, but
where campositicn is siniler to that of o lamowm product it con only be conciuded thot
the source "could.be! the one in cucsticn,

cemesition of C3. tycoe fucls obtained by the ebowve methods have been
a fairly wide ficld of ;._.ranucts af wmovm origin, including -

alkylatcs, hydrocodimers (hot and cold acid, of varicus types)

arcmotics fro: coal cerbonisation;

hydroreformed petrolom and creosote-hydrogeneation naphthas;

rrcducts from sclective Achylrogcnotion (hydrofining) of petroleum

end various hyc’r"'-c,nati:n naphthas from ccal or petroleunm;

hizhly erametic nachthas made by hizh temperaturc "oromatisation®
destructive hy 4**'\mm.',;:n of b;tunmlouo natoriclse

atcut 20 vir gin petrale\m gasolines and naghthas from a varicety of sources;
& vari \.T;y of high pressure sensitive-eatalyst "vapour phase" -
hydrozenaticon ,ge.sol incs from bituminous cocl crcoscte and also from

scirolam gos eilss

cwt_.m Pischer Tropsch gasolines;
o zingle zample of cotalytically cracked asoline.

3y cauporison of the hi~hiy cheracier c hydrccerbon comporition o the
~ - », bad

C3 tyuc of resoli
it is concluded

componenis,

ist
with such o noeessarily timite icld of peoducts of known oriin
That thoe C3. type of aviation gesoline is o "'lu’.u of 2% least throo

i pessitle camposition vhich would agree with the amalytical cvidence is :-

n';;ﬂt-‘cm.c) ond probobly of boiling rance up to about 85°
60-50% of = hishly arcactic n‘..phth.. of lov volatility and probably
boiling over the ronge 85-175°C. The aromatic content of
. this naphtha may be as hizh as 70%.
15-20% of symthotic cctane of widich the nmajor caponent is 2:2:h
trincthyl pentone wizh 2: 3:4 trimethyl wentance as the sccond
noin canponent.

25-30% of lichi cui :e. olinc (providing pentancs, hoxones, and Cé'

Recently, certain chenges have ccewrred in composition which axre discusscd
below, but it iz siill considered thet the C). posoline is nade up from the above
three canponents with the ossible additio of nyc’.ro-—reflncc. benzene (or coke-oven
arcaatics rednly benzene), and possibly some added wentanc, :

5)  Sourcc and Hethod of Manufecturc of ibove Camponents -
I, Light sasoline cut. © is considered thet this could be produccd

in the hydrogenaticn plants (e.s. by high temperature operation ar
with less active catalysts than those which we associnte with
Yvepour-pnase" destructive hyuromn‘..t:.on) , although the composition
is nearer to thot usually associated with straisht petroleum }romcts.
the conclusicon that a light gasoline fraction ms been added a

. seperate camponent of the f:f.n 1 blend is bascd on the amounts of

naphthenes boiling in the renge above 85°C, which are very much
less than in normel hydrogenation vroducts, whercas the C.3 resoline
ccntains the normel “omount of ¢yclohexone found in virgin petroleum
resolines, The comporotive obsence of any material distilling at
90°C. sugcests thot the end point of the lifht cut is below 90°C,

Vo



...5.. ’

IT. Highly frcmatic IMaphtha, In vicw of the highly characteristic composition
of the aranatics (ethyl benzenc, n-rropyl and n-butyl benzenc) which is
discussced in detaill in fAppendix IT, it is considered that this material

iz derived by hi-h tumperature hydrosenation troctment of bituminous raw
aaterial containing confensed polynucleer cromotics such og nophthalene,

It "is fairly certein thet thiz noterial is zroCuced in those high -

tomperature high wressurc hydromonchbion plents such as Welheim.

Recens 0.3, gasoline sasples of iuproved rating have shovm o change in
aroaatic camposition in conjunction vrith o marked decrcose in the count

of hizher boiling nephthencs, It is concluded that the hirhly crantie
naphtha made oy the obove process iz now teins given a further dreoiment
whoreby naphthencs arc converted into craictics (possibly hydroforning

or hydrofining). is further freatment is cunsidered to te largely
regponsible for the risc in engine peri'ormonice. It may be that hydroforming
the aramatic naopntha would produce the extra low boilin: paraffins

- Pound in such recent samples of C3 gasoline. ™ © o

in 2lternctivc  possibility is thet the wvrocess for profuction of the

previous type of highly aramatic naphthe (hydrogenation ot high
temaperature and possibly high pressurc in possibly relotively fow plants) -
is now not alequate to mect wresent fighter recuirenents of aranatics
(1ossibly not now available ;and an elternative meons of providing o
hichly aramatic naphtha (to maintain this type of composition) is to
hydroform a suitable naphtha (possibly a hyéro-nazhtha of another ty;e)

It .is known that hydroformed products from treatment of potroleun naphthas

will yield products containins us to 70% aromatics with less than 10%
of naghthenes. .4 more naphthonic or less peraffinie type of material
would be aveileblc for trceatment from the hydro-cnotion processes. It
is nors in keeping with the mom roeent inercase ia cngine porformance
»=' ° to conclude that the previous iyye of aromatic naphtha is now being given
- a further dehydrogenation treatment rather than to conclude that the
change in ardmatic compositicon is due te adfition of anctrer aromatic
aphtha made by dchydrogenation of a hydro-nepibha, It is possible
that coal ter aromatics arc now beingz odfed tut therc is ne evidence of
increcase in sulphur content, ’ T
III Synthetic octane (sce also ipyendix IIT
The main components arc 2:2:4 irimethyl jpentanc ond 2:3:L4 trimethyl
pentane in the ratis of cbout 3:1, The abscnce of nore than tracces of
dimethyl hexanes. on? of 2:3:3 trimethyl pentone ond the absénee of
. 2:2:5 trincthyl hexone are conszidercd ts be sufficient evidence to
exclude C, alkylatcs of the types examined, The prescnce of 2:3:4
trimethyl™pentane and such frocer compounds ns 2:3 dimethyl pentonc
is considered as evidence for the prescnce of hydrosenated co-polymer,
The relatively high proportion of 2: 2:4 trimcthyl pentone ¢ifferontiotes
this cctonce from. that normelly produced by the hot phosphoric acid
pelymerization of iscbutylone ond is closer to octxe yroduccl dy the:
cold sulphuric a¢id process,’ ‘

It is most probable that the syntheiic octane im produced by

achyiromenation of 'C, g2ses produced in the hylroscnation plants with a
subscquent polymerisution process cperatel at a lor temperaturc.

It haos Beon sugsested that the compositicn could bumet by postulating

& mixture of cold acid octanc vith saque other type of octane. It is still
considered that the evidence excludes aliylates ond the rancrkebly constant
canposition maintained over threc ycars producticon sysicsts that only cne
tyoc of yrocess is involwved,

Speenlation as to the method of production of the cctane is bound up

with the suggested scheme for wroducticon of the rest of the blend, and

the suggested methods of creration of the hydrogenation plants and

a general survey of the availahility of €, and C,_ hylrocorbons for
aviation fuel jurposes, High temperatur ey aranntising' hyrogenation

- proccsses would tend to make much hydr-oembon fas and yet viewinzg the

vholc German eviation pasoline position (blue and grecn types)

there appecrs to be a marked shirtage of iso-pentanc, This is in
agrecnent with the view that relatively little of the total aviation
gasolinc is produced by the medium temperature sensitive-catalyst
vepour phase process as used in U.K. which produces large amounts of
iso-pentene,
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The carlier scmples of sreen rasoline were csiimated to contain 155 of
synthetic octane, Borly in 1943 coineident with the risc in engine rating
there was on ircrcoze in cetare content to &bout 20%, Casposition of i

™ v - P —~
J(.'t‘~.x.' PSRN .\:.~ J.‘.f:, r. 'u"_"__..Q' T3 n'\” -f"(_.

»

RN el

6) Chanrce in stecification and Camositicn
Dcfinite chanres in compositicn hoeve cccurred as follois- (see also tableI)

(N

R

{ag Muring 1940 incrcasc in arcmatic content frem 33% to 375 vel.

b) end of 1S40 arcmaiic naghtha was cut back e 2 lower cnd voint,
but aranatic m,cnt '"*wtdnm. :

gcg wom o m octane cond rt raised fron 13 o 1 ' .
d) end of 1942 increasc in octenc content un to 18%, 2lsco increasc
or in content of light metrsl and rentane, general
early 1943  rise in volatility and fall in arcnatic content e

(by Hiuntionj,
Horked incrcase in C.P,R.-M, rating to 97 and in 3-C
Rich rating to 120. : '

(e) sumier 1943 still further increasc in rating with octanc content wp to
2G°: and arcmeticz increased bock to 375, and decrcase
of 9% in cuntent of hirsher boiling naphthenes,

‘The avercrse analysis ¢

‘iﬂ

~cor Pucl con be toelen as scme indicotion of
3 .

' Qensity 15/15 0.782 0.782 0.762 . 0.772
| F.B.P. °C 1185 175 175 - 175

Volatility at 75°C vel.S: 7 7 7 |

1 " j00°C M L3 L3 L1 51 s

1t 1" 12__00(: " ou 77 85

2

Va‘aou.. Erossure 1bs, L2-l TZ*' -1 5‘
' ll't- 3 CZ*. + C,— é" S’é‘ 5’12‘ 8’%‘ )
Vol,j% arcuatics 31,35 37 7 31, ~337

% of arwmatics »166°C 30 1C 10 10

Vol.% octanes 13 15-15 15-16 18- 20
Vol.% naphthcnes boiling above 95°C | 1¢ 16 i i3

T.E.L. content mls/Imo. Gal. 5.5
£ nls/U.S. Gal. L6
"= mls/litre 1.2
. Knoel Rating
Weak C,F.R. motor ~ 9% L 95 97
Rich 3-C ¢ Ua&«. 130 110 120-— »125¢ - -

-

5¢5
4.6
1.2

] £y o
N O

— e o T p— T g T e VR g S - J.

The significance of thizmcc i chanze is greot., I may nean that the Germons
have introduced an additionel urccese in orler to reiucc the amount of hich boiling 4
nazhthenes in order to pain conzilersble improvement in rieh cerformance, which as

yet they hove showva no evidence of Being able t0 use in +heir existing acro-cnsines.
ALlternatively, the improved rating may Tc incifental and the ch in araaatic )
composition may mean that the Germans Lave veen forecd € caonge © to aacther roces s (i.c.
by baabing of plants worlking the previous =roesss). The latior ox: ionction would scm
unllk«.,l\/, a.lthcu;n it mey 'sc that hydreforning (or other Cepydrozenatiom 1:':oc~.::s) applied
to0 a naphtha clrealy essentially boiling within the ror n~¢ of The i‘w.l"b * xoluck

(ana hence not requiring "spht’:*’ inz%) coupled N'luh 2 normal nyiro mwlcn—ml"'t‘oinf'

+
uoc‘-

procuss to producc the naziatha, woull be & more Plevrible tie-us applicablc e more plonts
; 3 . = iz S P n
thon the cliernative process of nish-temporature hish-1ress “m‘mt_a:: —splitting

FEN

postulated for the carlicr tyses of arcaatic nashihe roduciion. In the latter

the 'aromatising' and *splitting' arc cone UO"ctnc” in onc stage and require hiph
temperaturcs te give an aramatic product 2w’ high pressurcs 1o maintein catalyst life,
while in the other meihod wo acparcic stazes cnly roguirs mediun or canp saratively low
Pressurcs.
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n olternntive view is thot this recent change in corynositicn. is gvilencs
of an effort to overcomc o limitotion in weok mizture pocfomzoneds,

amles of

2 P
Ao puxs Ry

ciniloxit j in hycrocnrt . Cokpoultlim
toinet from such wilely seattorced sources i

£ ond ricdle Eest (Tripeli ond Tw 1°) suzzest
n11 wrorldng uader

TEC «.1 roxr netbericlds,

i

The remorkably clotu

C.3 tywe of avid Yion gasoline ol
Britain (shot Cowm), Ruszis
that this fucl is & synﬁ;:ot;‘.c

Tens made in conperasively Cfow plonts,
very sinilar conditiins, wn all pro

basly using thi s

Othcr cati-lmeck blending additives.

J CC/IL.-LJc G’% - Ll..() CC/U.S| G’D-]-:

Tea content hos ru:.h._nc,c. CO‘ISoDJl‘L at 5.
r the presence of

1.2 cc/litrec, There hos boon no cvidence in ny s« le £

Cumenc or tortiary butyl benzend.
sromabic cmines, aniline, ric thyl aniline or

Iron carbonyl.
Aleohols, cthers or cmy yoter soluble componente.

}’"11\ iness.
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APPFNDIX I

poteaffambomhi it e

GENERAL TNSPECTION
(numbers refer to large folding table page
(1) Colour . The charactcristic fluorescent yellow green colour has been
maintained throughout (probably fluorcscein dye)

(2) Decnsity The average density used to be 0,782 up to cbout swmer of 1942,
" (samples of higher density were probably weathered c.g. 4AIR 118).
411 samples obtained dwring 1943 erc of lower density averaging
0,772 e pt weathere? sy Jes ATR 289, and 312 Jettisoncd
from fighters). It is possiblc that this change occourred as
corly as autunn 1942 (AR 195, 240).

(3) I.p.T, boiling range. 4 change occurrcd at the cnd of 1940 when the
F.B.P. fcll from 185°C to 175°C and 9%% from 178°C to 165°C, This chenge ot the
cnd of 1940 had little effcet on the volatility to 75°C or 100°C or on the vapour
pressure, It is rcefleocied morkedly in the volatility to 140°C and in the percentage
of material distilling above 165°C in a T,B.P. column (scc line 5).

(4) Volatility two chonges ocour :- _

a) ot end of 1940 the end voint was rcduced and vilotility
a6 140°C, raised, but volatilitics at 75°C wnd 100°C
remained ot cbout 7% and 415 respectively. :

b) at the end of 1942 the 'froat end! velatility was
roiscd (as described below by adding more octonc and
nore light pctrol) , pentonie content was increased as
was Raid vapowr pressure, and volatilities to 75°% ond
100°C were raised to 154 omd 50-525 respectively, - This
caused little or no change in the volatility to 14(°C
‘or the T.B.2B,% above 1865°C,

(5) T.3.P. Vol.% cbove 165°C Up to the end of 1940 this was 17-195 in
keeping with the high F.B.P. of 185°C, Rcduction of the F.B.P, to0 175°C. at sthe
end of 1940 brings the T.B.P.% distilling above 165°C dowm to 7-8%,  The later
incrcasc in 'front end! volatility at the cnd of 1942 has not affected this

appreeiably, '

(6) Butone content. AL the 'é;reon fﬁcls examined heve contained 1-2% wi.
of butanc, In all cases this has been practically entirely normal butane,

(7) Pentonc content 4ll fuels up to the end of 1942 contained only 35~U5h
wt. of rentanc. In 1943 this has Been incrcased to aboutb 6% wt. while such roecent .
semnlee &s AIR 317, 318 and 328 contain &% of puntanc amd practically no butanc.
14 should be noted that although morc iso-pentane than normel pentane is present
these fuels 2ll contain much less iso-pentanc apd o much lower iso/N-pentane
2tio than would be obtained by normal vopour phase hydrogenation treatment.
Green fuel LIR 317 is of intcrest since more isc-pentanc is present, but this higher

" ratio is not maintained in the most recent sanples,

WEIGHT % : :
Iso-pentane N-pontanc = % iso-pentane in total ventane

Grden fuel 1940 2.5 - 1.8 : 58
neeno104l 2. 1.7 58
w1942 24l 2.2 50
oo 1943 : ' 3.7 2.5 60
m,o" - LTR 317 ' 5.6 2.9 65

"o TR 318-330 av. L5 3.1 €0

7 3 85

V.P., Hydrogenation fuel (creosote) 1
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(8) Vopour Prossure. 1% scwples have had o low vopsur. pressure of 25-5 lbs.,
the extre pentonc alded has only bwourh® the VOP, up o )-lb

(9) Bromine Fumber. With possible cxception of sumsles cbtoined durd ng 1941
(AIR 141, &4 and 176) the bromine muiber has been less than 1, chodng thet
unsaturateds are practically abscnt. (V.P. hydre petrols have bromine nuribers
less then 0.2).

(10) iniline Point. Initicl opiline point (T) 1s lergely indicative of the
aromatic content. The 1940 fucl had L. P, of cboub 15°C., .,h:cn fcll to 16°C. in
c cozw"- 1t was increcsed fram 34-35% to 37-38% vol, The

1941 wwhen the aromatd cCnve

cniline point hos risen again in 1943 fuels (LIR 285, 305 and 311) teo 23-24°C duc to
the addition of morc octwm, and light petrel and the falling aronatic content.

The latest sample LIR 317 cte, have o lower aniline point of cbout 20°C., since
araaatic contcn‘l, has again bccr incrcascd, '

Ull-‘ ‘T

(11)  Lromatic-free aniline ;poi:nt. This i‘igu“o in the green fucls is 2 guide to
octone content, The arometic-frec an,pt. hos roncined Toirly constint ot chout
57.5°C. up to the end of 1542, Figurcs of over 60°C (o and 63°C) now recorded
crc due to incrceosed cetane content and inercasc in poniaie and 1iht petrol froctions.

(12) & (25) iramsetic conbent. is c‘zgtcr.m.ut drectl J on the wneut fucl (12)
and by suwaation of ;.n.hlj.,ss oi frocticy gz_ ) apovry thot for 15434 there vas on
increase in aronatic content fron 3y i to 37,, vol, which vas maintained through 1941
ond 1942 until it was reduced to j},o vol in 1943 cuc to the &lubion cffect of
adding mere octanc and 1ight wetrol. It would nov oppecr (AIR 317) that the
aranatic content hos again been restored $o 37% while kecping the higher content of
octane and light petrol, largely at the expense of the higher boiling nagphthenes.

(13) & (14) Nephthenes & Paraffins, Thesc figurcs determined without froctiones=
tion arv net very reliasble. They scrve to show that right uo to the end of 1942 the
non-arometic portion of the fucl remuined foirl ¥ CJI’.SJ"}.nu with cbout 305 of
naphthones and 3045 ©f poraffins and with an anijince point of 57.5°C (11)
and density 0.732 (1 )) but in 1943 the extra octonc ond light peraffinic potrol cut
added have coused a marked chanre to 1_)"20/9 maphthenes and over 405 pareffins vdth
aniline point up to 62-63°C . and density dosm to 0.725 (LIR 285, 305) end leter
$0 0,715 (LIR 311, 317 cte.).

(17) Lecd Content. Apert from fuels which have veathered end therchy
increased in lead (LIR 289, 312) the lcad content hos remoined constont ot
5.5 nls, TEL/Tap. Gel (= 4.6 mls T,E.L./U.S. gel. or probebly 1.2 mls. T.E.L./litre
of fucl), - ’ :
Even in the reeent fuel of much increased retings therc has boen no inercasc in lead
content, :

(16) (18) (19) Enock Ratings. Thc C.F.R, motor octone mumber up o the ond of
1941 remeinced at 9k, Samples obtained in 1942 may have been higher c.t 95-96,
while 1943 scmples :hsw ficurcs un to 97,
The C.F.R. nictor rating of the fucl frecd fron lead shows o similer chong
An averaze figure of 82-83 iz duc to the hizh ercmotic content ond-the pro
of’ octoncs, .
The C.F.R. motor ratings of the fuel frocd from bobh lead and aromatics are again
vorichle, Up to ond of 1942 the 'base fucl! was orobably about 76, 5-77, vherceas
1943 fuel is 78 or over, In both cuses this O,N, is high due to the prescnce of
octane, Assuming 1075 of octone in the corlicr fucle and U;‘f in 1943 fucls
the lead, aranatice and octone-{rec basc: fucl probobly hos an vetone mutber of cbout
70-71. A4lthough this residuel peraffin/ncghthene mixturc is foirly rich in normal
rerefTins 11 would be expected to have such o rating sinec the prectern part consists
or low=beiling components. (more than 753 builing below 100°C).,
Some 3-C rich mixbture ratings arc given below, Reecent 1943 type greoen fuels
have riscn to over 125% gr“dc 130. This incrcasc «.ald Lo cceounted for
in terms of the chanses in composition found, sincce the aprecinble reduction in
the amount of higher boiling naphthenes vhich has occurrcd in the wost rocent samples
~nild be cig Joctba to causc an uporoc.Labl inerease in the rich mixture rating vhile
this chonze and the adiition of iors ~ciriw nan’ 14 sabpetrol are considered o account
for the increasc of two units in weak mixburc Akl Mg

«
O.:.
S

cnce
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L1950 - 1942 | AR LaTh

‘ HIR G ATIR IR it
of =rceen fucl! 285 | 305

511|317 1318-327 328-330

ST A

Knock Ratings !
C.FuR, Hotor ag ' '
reecived , K .92* 96 96% I o7 o I

[V S

1

.

Ch
U

[

-

o
i

T.5.L. mls/Inp.Gal, 5.5 5.6 | 5.5 | 5.5 5.6
Reseaxrch 0,N, mls :

TEL/US £nll on octanc
3:0 Rich nixture rating
P oof grade 130

(9]
[}
>
Ul
(62N

0.3k | 0,35 | 0,32 0,51  Ouk

Composition (Billinghm
| inalysis)
| aronatics 9% by volume

- - 4 Y
| - 37 33 |32 i 3h
Butancs + Pentones 7

) by volwe | 7 9% ilo 10 | 104 oy 12
Trinethyl pentenes 2,2,40 11) 13; 13% 1300 e 250 Mg 15%)
_:,r » 16 2 ?.x.;)‘ s Sodena 7 n's N A ? :’_
" RS B I B B L i T R R R

Nophthenes boiling above
95°C . vol.
1

i

1

o
=
(]

by B
e Gl
]

S

3

|11 75 l 6—2—
; |

N (ZO)J—(?S) Distribution of jronatics (Billinchan frochionation)

‘he oronatic distributicn is duternined quite relichly by the froctioncsion neihod .
This distributicn epressed os o velune rereeavage of the total fuel is detcilod

in the large table viile belew figuecs are given cxoresscd os o poreentoge of She
total armatics ond as o seremntore Jof the Cp + C7 + Oy arawbics boiling below 145°C,

Tde vl LT . B - L ot . . < e . . - ] .-
Lt will be scen from both sets of figmwres tinh chanpes have been mode as follows:

1940 fucl EGF 28 & Lo/ M; 345 aronatics  30% of which boil above 156°C,
- 14

d

r
%

19)_*_0 n. . G 3]_ & G-F-32 37/_\ 11 it 1 it ]

oL v woooon only 10 of which boil above 1669C.
g2 o " n u 1 TR T] n o ou

gLz on A

1943 . . 33% " 1t 1 T 1 "

Later

943 " '(I:IR 317 th) 375 1l 1 " noon 1 1

One major change cccurrced at the cnd of 191:1) vhen two thirds of the high voiling
S > 166°¢) aromatics were romoved by cutting the fucl $5 o lower end-point. 4Lt
the sane time the total arcmatic content wos maintained,

Considering only the distribution of C., O, & C, araaatics the table belew shows
that this has romained surprisingly cofetadt up to swple AIR 305, but from sample

LIR 311 omwerds the samples have contained proportionatcly less benzenc and mere toluene

end Cg aronetics, Lven in these fuels, howover, the rotio of C-/C, aranatics is much
LY J o . . . . .
the s&ne os in the rrevious fuels, re

Distribution of Jiraetic Hydrocarbons

; | TOTAL ot . .
! el Vol ¢ of total arcmatics i of Lromup to 143°C.

No. i onFucl., |0 - 90°C,190~118 [116~125 [145-106]+106 | 0~G0°C!I ¢0 - 1151118-115°

[

G283 | 33,35 1&;,- 23% 20 % | 28%| 30 38 2
40/ 32, 16, 25 | 19% 8 30 351 37 51
G.FIL 1 37,35 1 17 23 20 Ly | 283 28| 29 I
332 | 35,35 18% 22 19 10 | 30 305 | 37 32k

P AIR L 3707 21 32 2L 11 | 11 | 27% L1 314
AR ek | 37.5 P 23 DA EEC T 26%
 AIR 176 | 37.4 23 33 26 1|7 28 40 32

,4IR 189 | 38.6 .23 32 2 11§10 | 29 |. 4 30

| AIR 2851 52,9 25 30% 26 8 125 | 285 38% 33

| 4IR 305 | 32.45 pok 32 2k 12 19 285 407 31

. ATR 311 | "33.95 17 322 | 27 115 | 11 52§ b 3

| iIR 317 1 3C.25 18 Bl 27k Lol 10k | 22| 43 nidk

| I 318 36,55 19% 335 237 10 ) 2l s A N

! 3505l 185 L33 L pgn b g b apl 23 i a0k 365

. JI-IR" 328-""—
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Purther information obtained by ultra violet suectroscopic analysis
shows that reeent changes in dizbribution are accompanied by marked chunges i'-1
. ) OO
composition of individuel aromatics (see Appendix IT) .

. It should be noted that these fuels ¢ n,rag«, &s end in some cases up to
9.7 k. of benzenc (AIR 189) and z(ill show no signs of freezing out at -60°C.

(31) & (32) 4romatic Composition ( Spectroscopic Results)
The important figwres here arc the high content (in relotion to xylencs) of cthyl
benzene which ave rages &5 for samples prior to 1943 ( nd thus roprosents about
6G% of the total Co arcmatics), and hydrindene which generally wcaounts to
1,5-%5 of the fucly
There oxre indications that the merce
and more ortho xylene, as well as lc
$dlucnes (see Appendix TI)

(26) & (27) Methyl Cyclopentanc & Cyclchexanc
The average contents comparcé wwith other fucls are - ' Vg, Chaso

reeent fucls of 1903 conta

in less cthyl benzenc:
cropyl and butyl benzencs and

nmore c¢thyl

Groen fucl, Str, Run Poireleun, Cruq sote
(Roumenien cte, ) Tycregonatiom

12

Hethyl cyclopentanc
Cyclohexone

-
U\
Ut

Do

£\

-5

g

There is no indication of """J marked change in the rore rocent fucls,
though the ratio is :Lu..’cl_, mere in the dz_rccuon ol hydro-potrol. :

(28)-(3C) & {33)=-(35) Octoncs

———

The "f_llilvr"""- 1 a sionation method shows the yruoonce of 0CT2NE, but only gives
an aperoximote measure of the ratio of -2'14- / hizher boiling trimethyl pentoncs o m
the ~mounts ;r osent,  These rou ;1 cetimates show that the ‘qu facl contained soount
13%% octenes which was increased to 16F Tor 1941-1942 and has later beoa J..".C-uu..m'-'l

-

agein to 205 in 1943.

The boiling reage of the poareffins has indicated 73—- B5 20200 t*‘u'mth"“ EETD MLy &
in nost cascs, ( she sole cxecptic: has been fucl ATR 18% in which 2:2:4 T.0..P. vac
dovn S0 505). Tho rocent 1943 fucl has shovn o sanevhat hlu.«nc,r nroporticn off the
higher 'ooi?“'ng trimethyl pentanes with about oFh 2: 2 1+ trinetiyl pentanc.
Spoct*' scopic wcdrmmi. ion has generally confirmed the Digure Tor 2:2:4 T, P, and
haz shown thot 2:3:4 T0LP. 1s mhc. nain camponent of *'clu, hirper bc»113.nr' trincthyl
PGnLLu'lbu. )

The spectroscopic analyses in wicut or roughly cut sunples ore somev ‘hat uncertain,
Detalled c.i.n\.).lj':m.» of more fincly cut naterizl orc discussed in nni.«,uchx III.

Pruscnece of other anti-kmock adlitives.

No cvidence hag been found for the jrescncs of eny of the {ollowing
anti-knock agents in any sowanle of the green aviatinm gaccline cxomined s-
Cunmecne ¢r tort 1~~ry butyl benzens,
fremetic cadnes or xylidines
Iron coxbonyl
Aleohols uhiwrs cr ony wobor soluble components, vther thoan smnll
troces of phenols, '
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‘ 1943
DiTE'QF CRASH OR CIPTURE OF SiPLE th 2lst | 15th | !
' J'u.nc Juwe ! Junc | )
LIR 2 LAIR AR IR | AIR AR LIR
Si-PLE FUSBER 289 ! 305 311 312 317 318- 328~ |33l
; : ' 321 330
: |
TYPE OF PLAE Fi7,190 | | 7,190 | F¥,190 | F%,190 | Barrel: Barrels|Barrels!Hiddle
. tank ! Cptonk 1iiiddle| ex ex Fast
RHIGINE jetti- | Jetti~ | Bast Kiddle (Middle |S.298
soned ! | soned Bast Bast ‘T D.739
(ﬂcath-! f i (weath-~ . {Suez
cred) | ‘, i cred) { i Report)
1. Golour | T TLUORESCENT GREE o P ! ! |
2, Density d.15/15 f .775 ! | 783 CL7720 1.768 4 0787 0 LT7L L L7730 V.73 LT
3. I.P.T. distillation 95 O¢. : 163.5 | ! ; ! 167 1 1%5.5 | - . 1580.5] 160.5 162. !
| F.B.P. “C, s e qws st oame L mesiap T {1 an
4 LE.T. ;3 dist. + loss at 70°C, -8 ; ; f (10 11 b 12 8% 8%
‘ 1 " 1] 7500 12 ' t 5 f ' 15 v 1 '. 171; .]_5-%- | 13 ;
" " v 100%c. 43 P b3 P49k |51 32 . 53 L L7 WY
.n " " 14000 : 84 i i i iy 86 ! 6 . i 86?3‘ 8 l 87 !
T.B.P. vol.% bo:leg above 1659C, S 9 ; ; : 17 8% i i 6 7 i 8 |
T T 1 ¥ T i s
Wta iso-butane © 0 I i gro,og, . 0.9 i X¢) 0 T‘o | :
" N-butane BT ; 20 o, o |07 035 |
" iso-pentane ' 3.5 | : P39 2.45 ' 5.6 14,25 4.8 j
® fe-pentanc 2.85 ; P 2,25 2.0 12,95 | 3.3 2,9 ’
" Total G 7.65 | ! 8,2 18.05 '8.55 | 8,25 [8.05 |
Reild vep,, :}’&Lu:g lbs, so.di. Ph3 ! P 249 5,0 ' 5.0 2.3 5L.9 ! L5 - ihk.1 4.0
Bromine fumber 1] L L 105 0.7 i1 0.6 lo,6 o7 2
Zniline point I °C, C 20,8 i ; : D 3.7 24 . 20,5 19,6 20,1 |
" "IV e, . 58,8 ! who (V)i .t 80,3 62, wtii(V) 63,2 1 62,5  162.3 vt
Aromatics Y v, © 35,8 41,0 . 3.3 38.5 45 43,0 ' 42,3 2 41
4 drdmatics b vol. (T.C.I.Y - - o i 2sg. T L R < Y~ R .1 A o Wi $ 2 G = TR W 17 5V~ - o 0 - SRS BRI




13,771 Naphthenes & vol. (0 g 29.3 15.5 29 19,3 |18 “15,9 : 10,4 119.1 117 !
14. | Pareffins i vol., { " ; 38.0 i 42.5 41,9 08,7 37 35,9 V40 W34 4]
15, ' iromatic free density d.15/15 727 | J25 715 : SL.712 ; <713 iy
: ! ! : ; ! . i
i ; l . _
Knock Rating i ; : i ‘ ‘ ! | ’
16. 3oP.Re motor, as received ©97.5 ; Cunb. ¢ 95 ‘Comb., 96k 97.0 9 97,3 ! 97 |97 296
17. 7,B.L. content, mls/Imp. gall. . 545 i rough ! 6.3 ‘rough 5,5 ©5.,5 v6.75 5.6 57 15,75 5.6
18, C.F.R. Notor, lecad frec C 81 {cut © 82 » cut, .82 82 Canb., .83 L 83 :83% ' Camb.
19. L , lead & arom, frec i ' I 1 77 1 .78 vrough 78 i 479 79 i rough
‘ : : i leut : ; | cut
. : 1 ' .
7.C.I. Distillation (Billingham) ' : }* L . ‘ | §
20. Benzenc 4 Vol. (0-90°C) ; 7.5 - 5,2 1 5,5 7.5¢ .7.35 575 6.3 6.5 7.1 6,65 6.8
2. vToluem, oW 0-118) 10.05 11,5 13 ‘12,3 10,4 110 12,5 12,2 hi.ss5 111,53
22, "8 d~om4t1cs" 118-145 8.5 | Xy 6.4y 13 Xy 7.3 8,0 - 9.6 i '10,0 ! 10,4 10,5 (111
23. Cg v (145-166 2,55 fgg 5 .38 "3.95 | 5.5 3.8 13.25 1
2 | Cp, " " 166) o R SR A : P29 3.5 | o 13795 3.2 3.7
25, Fotal aromatics. Sd. 3% ; 1.5 32.L5 . 33.95 34,2  .356.25 | 36,55 35.75
25, | Methyl cyclopentanc 5.8 L ; 1 5.9 5,8 , 5.1 1 5,05 5.1 i
27. | Cyclohexomc . A : 3,75 2,95« 3.8 C 2,75 3,65 '
28, | 2,2,4 Trimethyl pentane (est.) . 13 5 : 124 13 137 L 15% Y '
29. | Higher pentane (est,) 5. ; } 7. 7 e &5 7 ;
30. | Total T.i.P. 15 ; | 19 20 0 205 20h
' Spectro-on fractions (Oxford & Cau, ) rougit ‘rovgh . rougi . !
31 - Bthyrl benzene el . ocut Sj cut .G:0 . 3,0 cut 3.5 LD
32,  Hydrindenes 1.7 S 1.5 1.8 ; 1.2 o 1.5+ 11,6
33. 2 2, Trimethyl nentane (+ 2,2 DM Hex) 12,1 12,0 13.3 o 12 1.3 12
3. | Eigher TULE. (2,3,k ctc.) - 5.8-6,1. 6.1 8.1 5. 5_ . | 5e2
35, -~ Total T.11.P. 18,2 18,1 194 17 1 c 17 5
. I.C.I. Report number GL3/73 -~ - - Gy T e43/T75 - GL3/ :715, G377 Gu3/78 ¢ -
. . H 9 e
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Consicderaeble informietion zbout the anount and distribution of the aromatic
hydrocarbens iz obiczined by fractionstion ond determination of the aronatic content of
individual fractions, This nethod 1. part of the general Billinghan nethod of
anclysis (see Lpuendiz Voend Refs. 3 & L), -ironabic contents in the fuscnce of

.

unsaturated conpounds arve detornined ouite sotisfactorily ond with o foir cccuracy by

the simple eniline poini methed (Tefore and after sulphonntion) alrendy deseribed

s nothod only cllows i estinmate to to mode af .Ll“.tl.l.’\i"" rl“"l mraantics

benzene ond toluenc, and S,..V.,o b} ‘ouﬂ}: Tigure for total C, g e Cantd (11 3-1473°0) and
some infeormation cbout th.; on of I_'.;_:hu ~ oeomniies, Fur‘chcr' information
cbhout the ne *m ; U higher cronntics ds obtuined by ultra
violut spoecis crzominetion of Jnd'w etions (sec alzo Refs, §, 6, 11, -

12 r..tg..) It thle to obtoin limited inf tion by Clyroet apectrorconic
4 -
Gi

wostinadion writhout fracticna 7

o (‘t!‘blu T and Relfo, 5, 0, 7 ctc.), but the resulte
are not very rolicble,

J

and omount 0'.~':
4.
1%

FESULTS
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In vrder to dolueu woseible wmethod
n.ecesery to oxanmine proucte Tras oo wide o overicty of o sourcos an
m!

The reoulte of suc,ﬂ cxiuiinovions nave buoen glven i Josedl dnoe nwlber of
reportss (Refo. 13 - )5) t.._"l_ 2lgo in voarious swniry wogortu (LLL.'. o, 1, 2, 5
o

B et o ol thone
Lo PT"—\".'.U.CL,I.V;). QL Lhiene NIta wniics
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Table IIT is included here, hoverer, to give the ru]ur nferminkion Teom
frochlonation on “he cnmomt ond cli.d,*_wu Lot of aronatics :

N Imoir. sourees, while Toble IV records most of Lllt- L.C_;’Lj_tiono.l inflormation
epteined by U.V. spoctroscopic analysia,

oyt

beon chornetorised by the
the carlicet o A in 1940 (G.F.28-¢.F.32)
(1 oL toiling (ca 1/“00) cromotics,

cd to the Qincovery ‘L.u 1-2 ui hydrindene ns
Adlse voen found in tha: ATL cncay !
; hiam ot );OOGC. Totealin and Joenl

modhlon of thbs roda ah
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it wAll Bo scen fron Tables IT & IV thot the s sles oxonmined can b Aisdlod
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CLenCy G hyiriag
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20-30,: or lcss - todle Tv)

r/p rotio aprosn. L/1)
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<

s O WAy of

reintively eandl prosoriion

redominance of octhyl tolucnes ( "r“’cul"*”( acte) and
Fueulocunaene,

P i I C n-butyi honmone aad 7 rmounts of o o
srectically ne n-butyl benzene ond larcc mnountes of othyl xy

L . .

emte

2l

G am e A S 4. PN - Y - o€ - eem LS T S
Colling the twe tyoce o cronotic ..omsosition :-

in = hycrindone and prodeminence of normsl mono allyl benzcaes
B = no hylrindence end prodoninance of ~Ooly alkyl bcnzunos (ext

-1
=
::;
[
O

-

Tvee b Hydrindeonc & vrefonincnec of romel mono-alzyl benzencs

Frotmcts from destructive iy
no;hthalene (in t-;,-“'ralj;( Anmui“‘.cuurc) (toble IV linc 26)

crocacts (i verious stopes of gosoline moufocture ) (toble IV,

S en o cn [r e
lincs 22-25)
\ .
- PRCHPEG NI 3 am - 2.~ TT
Geaanarn aviatim gosolines (table II)
M- T 3Ty Iywrl D aon 47 e e n . N o~ - Ty = ney -
LT B Mo hvdeindence & cornones of weta poly allvl bonsones

comest noatwrel viredin eo

lincs

ey

. el = YT Sl O
Troatucts fron Coobructive DYoo
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(yieofinin) 0 hyor ro-na bhas of aviation
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vidtiminous row nmotor wh.lu \W.olc IV linus 1.86-18)
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(a) Fothing is Imowi about the composition of the ardhetics from catalytic
cracking, porticularly if this were velicd to o suitedle hyfrosenated froctiom of
rocess is »

brom coal tary but it iz thought that this - is ot beins used by the Gormans.

-

G

b s
rof arometising

vich naghthone

(b) Similarly, littlc is Jmewm sbout the pessi
Fischer Tropsch j coduetvs, but it clt that wnleas oroducts
contunts were aveileble this method woull nad yicld o nosh
3 o 4
- L

aramatics and poor caough in parafiTine 1o use for the groon Tuc

s
O
R gy
)

(¢) The hytrofining rrocess of scloetive dehydrogenntion of nophthencs
te aromatics could certainly be used on a su tebly naphthonic naphtha to yicle
materinl of high cnough cramatic contunt, This rrocess Cocs not eatail ony

noticeable amouny of "oplitting" and would thus hawe £o Jeal with o machiha 2lready
beiling in the aviation range (e, 80-170°C). 1If such a nntha were fron o

“

petrolewn source it would Yicld aronatics of tho wIong composition and oven

Pt
[P
ct

were aproduct from hydrogenation of o bituminou: acterial owrs cxporicnce thows that

fromatic composition wioul’ bo wrong; sinee in Cestructive hylromonation 2ovm fo the

aviatiun boiling range the cyelohexane noaphthencs tend $o be of the poly-allyl

type ond yicld wylenes cie. on Behydrogunation, Thus a hydro gasoline from crossote
3 thyl benzene -

containiig 127 aromatics and 3% of Oq aronutics wi
i3 the Oy arcmatics. Dehydrogenativn will raisc 4
rronctics content o 737, but the now C, aramatics X
e¢thyl benzene in 08 araavics £olls too 300 (cf. tatle IV lines 2L and 16)

(2) The hydroforming process is similar to the hydrofining proccss, but
is more severc with a sm2ll amount of cracking anl morc oramatiscticn Uy sonc
cyclisation and isomerisation. The same arguments apply to this process, nancly
that trcatment of a hyaro product olrcady boiling within the gascline ronce will give
orametics rich in xylencs, .

(¢) Examination of several saaples of coke oven arcmatics have shovn thesc
to De of type 'BY, (cf. tobls IV lines 12-15) deficient in ethyl benszcne with m-xylene
predominating,  Coal tor aromatics could not vrovide for the n-propyl and n-butyl
benzens, It is possible that some conl tor benzole is beins edded to brins the
benzene content to. about 75, since it is Aifficult to account for such o high
benzene content by the proposed. hydro-arcnatisetion process wronescd bélow, This
woulld te in keoping vith the additiom of large amounts (255) of benzele o motor
spirit, The low (0.027) sulphur coatent of the grecn fuel nay imply thet the
benzele is bieing .siven a hydro~refining treadment, > renarkably constant ratio
of bensenc o tolucns an other cromatics (teble II) rother sugrests thap thesc
are both formed by the sone process ond i i 5 o

(f) Alkylation of colic oven benzole vith olefines derived cither from

Fizcher Tropsch or as 'hy wroducts! fron Quhydrogunation procosses dusizmned o
procuce synthe
1

tie octanes or synthetic rubber could e used to produce o nisher
boiling arematic mdxburc, Such o process coulld Lo used for the jrodfuction of cthyl
benzene but it is very unlilkcly that ¢thyl benzene produ.ced as such would to alloved
te go o fuel when thiz iz in domend for styrenc, ZLlkylation would roducc
isopropyl benzene (cumenc) anc tertiory and sceondary tutyl benzenes, sut would not
yicld the nomal Jurivatives, Neithes isupropyl boensene nor terticry dbutyl bensene
have cver been detected in samples of groen fucl,

() The only process kmovm to rroduce n-propyl and n-buiyl benzencs as
well as o preponderance of cthyl benz.ne and little xylencs is thot involving
the crecking cf naterial containing polyclic arcmatics such as napnthalcnc.

It is known that high temperature (500°C or nore) hydrogenation of cressote oil

from bituninous coal cen give low volatility hichly aramatic naphthas containing
aranatics of this type. The hydrindenc 1ill be Ssrocuced from indenc prescnt in

the creosote. '
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process is very limited, bub it is
I.G, TParbenindustric were very keen on
211 produce hipghly aromatic material of
“c Welnein plant wme designed o

tanperature of ann., and o
grve o 'liquid phase! uI‘("l

i TNOWHL U IJL- f’:'I‘

so-called "'*rm*mul 1r g
Tow woletility, Tt iz

pplrogenate vitenn in dho
wrussure oif 700 ats, auwd
coutrdned o3 much ns 705 of

t}.at t; -c,

Ceavers

354 u*o;‘:::d,:i.c::; "Hd h'mu 2 701‘7 70'7 vnl L'Llll‘tv (5,5 to 70°r‘
2th thie still Lotioms o o strad

'l;".f"; leulty ol dealing

P

view of the ~nenrent "7 sence of nny 'rormal! vapour phin
t.'l 't o recycle procese must he used. would sugse
T“_t ssures are beilng used o overcoas eatnliyst detorior

L.Go were doing muach wori: un ‘Lu 300 nts, 3
lﬁﬁom that the - tooat u.;cin in, (‘L, :_.ac,nl__trmnn, SC::'.\ eyl ."J..JCJ.]“ hiapd u,burf' i
Nordstern wore construclud t:‘ Ok At presswres wy o 00 «ts, om u.Lt"'”li‘:‘)OLZS
cont,  Suel hign-pressure hish-tumoraiure converiters -.-:n'.ll require s-»*r'm stueels,

Y ROV Con

L
4 oand exn
i

Since no iropenn. tion products or hrown coal "C.flr.a l_v-e, hean

available for trentnon naiination it i; nm‘: -mow... whethoer brovn coal would
vield 'aromntised' produsts writh the chnracteristics described, but it is felt
that the probabili L; is very high that products from o:.’cuhlrﬁ.ouu coal are being
uscd, The actual pror ”‘t\ i nl may be cither Lituminous coxl or =ny of its
products such as cruo:,.:tu, or pitch,

The ensential eriterion of the arocens used is that the aromatics arc

imedd dircetly by ("l“‘Cl:.’.nD' of dicyclic \or }*olyc*'c-"l ) eromatics in the proscice
of gae hydrogen Lo 1rbvr-m olefine mnd corbon formtion snd loss of entnlyet

activity, but ot o temperature high cnourh to nrevent any syprecizble hydirogen-
ation “w cyclohezane.,  This process is cssentislly different from the
deiydrogenastion of naphthencs whicl: hove beon formed in another Lrdrogon Lion
lwom,ss {hydrceforming or selective dehydrogenztion)since the latter tf-o- tnge
process gives the wrong type of aromatics.

ARONAT IO FYOROCART T T rpt vran Ty
=ARQLATIC F{OROC, ‘O""'Jnmv Feli IO

The composition uf thc non-sromatics iz considerced in Appendix ITT

(octines) end IV (waphithones md other prralfing), ' 5 sufficient to peoint

out here that the greon Pucls aie deficient in nﬁp’ﬂthcncs "'wtn cu.'-rl'f above
to

1d¢
4
[

‘-1. (,

-

i), Y.L . . . ) - - . 4l
857¢,  This is considered be in keeping with the above viow of the method of
producticn of the nramstics.,  The groeen § ol r~ont: udng the r\o‘"m?.l wncunt of
mctnyl cycloventone (57) and eyclohcxrne (L) which would Lo asssciated with on

averazmo grsoline from potrolewn, but is very deficient in higher Poiling

naphthenes, rorticularly the dimetlyl. eyelopentanies boiling at 90°%C, This,

and othur factors wre considercd to be evidence that the green fucl consists

of low volatility hiirbly syomatic no 'H:"': range 95-180°C, produced
Tidl

as rhove, biended v 590

v of bolld

10 1ig_ht—-cuu ~55%, from some other source,

..J J FRN J:.J.XT.L‘.,O .

HBCENT CIATCT 11 COLD0SINIO
At the end ol 19.’.;.‘?. or corly in 1943, pm;;ms:sivc chanmes ocowrred in
the green fuel;- -
(1) Addition of 37 more oct:ne and norw Lirht petrol cnus ing o red
L ~ o eden dn srgiantic content from J/,J to 535 by dilubtion, 1
S Coneccompanicd by o rise in weal nixiure rating, )
: (2) Sti11 further ihcresse of 2/% in octone conbont with i :
peevious aromziic content of' 374 and further rice in '..vot.
nixture ratings,

The secor d port of this ch anze Was 2lso accompanicd by o maried cml‘gc

the composition of the aromati saples ATR 285 - AIR 328, "table LT\Y There
"&s an incteass of 152y in ’coluw.e about 2;'4 increass in Cg aromntics and sl
increases in higher avom lthu, but 11’.‘ 'll’lJ‘bhln(f a decrceasce in the, benzenc conternt.

Spectroscopy brought to light cven nore marked changes:-



- Y -

) ethyl benzene fall from 6,23 to 33 or less in spite of overall rise
in Cg aromatics, so that cthyl bensene in Cg aromatics fell from
about 657 to ~bout 3047,

(

)

(b} the dincrease in C3 aromatics was partly due to metn xylene amd para
xylene but more remarkable vins the sudden arpéarance of ortho

wylene at up to 1,8 where previously none had beon detccted.

(¢) marked Tall in n~propyl benzenc from 27 to as low as 0. 67 coupled
with a rise in ethyl toluencs (wparticularly m,to.)

(4) apparently also a rcduction in amount of n~butyl benzene,

These changes are all away from the mono alkyl benzenes previously
considered as choracteristic of this tyme of fuel and towards the tyne of
aromatics produced by many other processes.

These changes have alse been accompanied vntn a marked decrease in the
amount of higher boiling naphthenes present in this fuel;-

o , ,
C. Naphthenes Aromatics
: ALIR 189 JAIR 317 | AR 189 | AIR 317
C5 40-60  Cy.pent. 0.7 1.0 |
Cé 60-75 Mo. cy. pent, bl 5.1 I C4 benzene 8.8 6.5
Cg 75-84 Cy. hex 5.35 3,25 ! G Toluene 19,3 12,5
C7 84-95  Di-de.Cy-pent. 0.9 L2 by 6.1 o
7 %% 1-ile. Cy-pent. L. 65 16 | (ethyl benzene 6.4 3.5
C7 95-110 e Cy. hewmane : - i Cg (m. & n. xylene 3.0 5,35
Cg 110-125 Di ¥e Cy.hex 1.55 L1y xylene 0 1.7
Cg 125-137 =%t. Cy. hex 2.95 1,10 ?1-;);0*.)"7 2.0 0.6
2137 5.8 2,55 f Cqy (ethyl toluencs 1.4 2,75
Potel 26,0 | 16.8 ;
naphthencs  Y95° 16 | 6 Total aromatics  38% 365

In view of the similarity of composition of aromotics in the most
recent green fuels with that of hydroformed products, particularly as regards
the ortho xylenc and the doercase in naphthenes, it is suggested that the
aromatised naphtha as made by the high temperaturc process described above, is
now bcmg given an adfitional treatment, probably by hydroforming which produces

¥ylenes by conversion of the naphthenes. This a@ditional” process is being used
ldI‘ﬂ'elj to remove high boiling naphtncncs. The decrease in benzene content may
imply that benzene is not coming from the aromatising processes, but is being
added as btenzole. Dehydrogenation is still not completc since some cyclohexanes
arc still present in the latest fuels (e.g. 1.65% methyl cyclohexane in sample

AIR 317). Green Fucl Idroforned
19,2 1943 Iranian Naphtha

% of Cg aromatics as ethyl benzene 65 33 23

Won " ] n m-xylcnc: 29 39 48

oo " " p-xylenc 6 12 10

non n b i " O~Z>’.'_}flC!‘10 O 16 _ 19

The view that the recent incrcase in weak and rich mixture ratings has
been achicved by removal of a large part of the higher boiling naphthenes by
hydroforning received somc confirmation from the A.I.0.C. experiment in which a
sample of green gasoline of the previous type WS subjected to hydroforming and
considerable increases in ratings achieved,

T 1941 1943
Type =2 ==
Semple No, ‘ AIR 141 AIR 317-330

) as reevd.  Hydroformed as received
% -:v.rdm:ﬁ.t"mf- ' 37.;-? 30_:
Ethyl b ene in Cg arom, 65 35
Total % mph thenes . 27 i7
Knock ratings:
weak C.T.R. motor 94 95 97 *
Rich 3-C % grade 130 100-110 140 . > 125

% due ulso to addition of further 5% octane ad more light petrol.
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COMPOSITIQN OF SGITHETIC OCTYUMES Ix GIHUAN GREZN AVILPION GASOLING:

- TOnde s -

WL,

FRACTIONATTON & JNATVSIS BY SNITTHME FOLTE:

W ko U130t (e SRy TR, AR - e 80

The results obiained by fracihionation in 30-40 plate stills and
enalysis of fractions by the aniling) noint method (Ref. 3,4) ere ccllzseted in
Tsblo IX, Appendiz IV. This mothod apflicd 1o tho first samples of theo green
fuel Tocoivod in 1940 showed thot samo 109 of tho fuol consistod of peraffins
boilinz ot cbout 99°C. Thoso fractions artor -frosing from small cmounts
of toiuonc hed high aniline points of cbove 729¢ (soc Tablc XTIV Appondix V)
anéd of high octano numbor,

' _Tho proscnoo of 2,8,4 trimothyl pontans was confirmed by infra red
spuctroscopic cnalysia. . ’

Tt s also found that = furthor 4% of paraffins distilled et cbout
108-111°¢ and whon frood from toluonc -thoso wora clso found to have o high
octono numbor. Spectroscopic anclysis showed this fractior to consist lorgoly
of 2,3,4 trimothyl pontane(which cpperontly distils ot a lowor temperaturs in
tho prozsnco of much toluonsa ) : :

Two rough motheds for cstimetion of tho smount of trimothyl
pentanes frcem these figures have boen usocdi-
(2) from scteno numbers of oromntie-froo fractions by ccleulation

(v) by ossuming ficurcs for tho smell amount of nermal heptanc and
dinothyl hoxcacs prescent in tho bosc fuol.

In this way it hes booh possible to arrive ot o rough gstimeto of
tho rmrunt of 2,2,4 trimothyl pontanc ond tho rmount of "highor boiling
trimothyl pontanca" prescnt in such fucls. The figures doducod in this woy
arc siven in Table I liros 28«30 (Lppondix I) and aro to bo compared in &
nurber Af instancos with tho rosults obteinod by infra rod spoctrascopy.
(Tabls I linocs 33-55).  In goncrol tho frocticnaticn rothod zives & usoful
roush Tiguro ‘far tetal trimothyl pontencs cnd an approxiiato figuro for tho
prepartion of 2,2,4 trimethyl pentanc, This mothod- ~f ccurse gives nn
informotion obout the individuel highor boiling trimothyl -pontonocs or
dinothyl hozonos and wiould be badly in orror if thoro woro largo chongos in
tho muount of N-hoptano prosont. \ '

Theso rough figuros grc:-

1940 1941 | 1942 | : 1943
:

. oA Mo.lGF | GF [AIR | ATR;4ATR AR /IRILIR IR | AIR- AIR | IR
28 ko/e1|31 132 121 | 1441176{180[2385,205 B13. {317 |518 | 328

B.

5

=

hi

%

2y% tri-mo, ponty 94 9 |1 1 13%

gter boiling TMPO| 31 3

Total 12112 |1
2,2,4 intotl P (75 | 75 |7

=

1 ; 7
“ o i 1
v
13317 | 17| 16| 15| 18| 1oF 2
n4 193 1 w1l 7l 461 7R 47 6
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: i
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20}
67 | 66
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These rough rosults shew that there have boon small increnses in
otel trinmothyl portanecs on sovorol cecésions, tho most markod incroaso boing
ot tho ond of 1942 or oerly in 1943; With tho sole oxception of semple LIR 189
thoso rough figures weuld indicate thot tho samo-typo of octone erutaining
75¢% 2,2,4 trimothyl pontane had boen usod throughouts

ANALYSIS BY INFRL FED SPECTROSCOPY :

ot

It wes considered that o doteilod knowledge of the composition of the
ootans campononts might onable a conclusion to be rcached as to tho typc of
procoss being usod. Tho method which has boon used mostly has been to use tho |
froctions producod in the 30 plate distillotion of 6-8 litres of material
dono ot Billinghom for analysis by anilino point method. :

Since’ toluonc interfores it is ne¢ossary*%0‘aﬁélyse tho tolueno froe
freetionse Gonorelly toluono hes boon removod by shaking with 98-997% sulphuric




acid, It has beon remlisod that this mothod may causc dsecmposition and
iscmorisaticn of tho frimothyl pontancs and timo »~f contact with ceid wes
congoquintly roduced to o minimum (5-10 mmutos) whon it was folt that Littlo
docomprsition occurred, at least &l regards 2:2:4 trimothyl puntano.

Rocently it has boon passm’o $o runsve toluonc by azootropic distillation
with methansl felloved by refraclionoticn, The composition found for the octanes
by this mothod (rof. 81 is proctically identical with that found by the much
‘moro rapid mothod of zeid washing, so that it is concluded thot tho repid
acid washing mothod is fuirly satisfactory provmod tl;.xo of contact is kopt
short, :

1. Roforsnce Synthetic Qctenos - Cheractoristics:

In ordor To idontify the mothed of moanulfacturc it would bo
dosiratlo to ozumins @ vory wifs field of alkyleatss and hot nnd cold hydre-
codinors mode undor 2ll variotics of conditions,but unfortunatoly relativoly
fow sauplos roprosontetive of AUfferont typss of procosses havo been
availoblo, bubt tho samples oxamined oppear to show sufficiontly woll dofined
difforoncos in compositicn for thoso to bo assunod to be choracteristic of the
procossos in questione. Table V gives tho infre red anclyscs of only five
sazplos, but the gonsral conclusions appenr o be woll supported by other
malyses repertel in thoe literaturc.

' Thg nain points axre:-
() Csa alkyletes oroe charactorisod by:-
1, A propontoranco of 2:3:3 trimothyl ponteno as compercd
with 2:3:4 TM.P.. {1.4/1) :
2, ittlo or no £:2:3 trimethyl pontene (loss then 14)
3a  Rolotively littlc 2:3 dimothyl pontenc
4y Tho prosenco of cpprocictlo qrasunts of dinothyl hoxenos
{10-15%) ' K
5, Thc prosonce of an approcicbls mmount of 2:2:5 trimothyl

" nexeno, (5%)

(b) ° 04 hydrocodicors (U,0.P. phosphoric acld typo and pessibly hot
sulpburic aci? types) arc charactoriscl by:- .
1. A propfmr’or neo of 2:3:¢ trimethyl pontanc as compercd
B vltb 2 .3 l:’.‘ .;"'I P' ‘ ' .
2, More 2:2:3 trinmothyl pontano than alkyletos (5-10%)
3,  Approcicbly morc 2:3 Jimothyl pontone than alkylatos (10%)

4 Much less Aimethyl hoxanes than in rlkyletos {Gonerclly loss
ithen 24) end gonorally-prosont es 2:2 dimcthyl hoxcno,

whorogs (111“]1“.130“ ¢omtein moro of tho o:é and 2:5 isorors.

5, Much lgss 5 trimothyl hexaone then clkylntm (loss then

B 1% or not "otoctod)

B oOI:.GtL..OS if o sharp- cut has not bocn medo somo hydro-trimer
ny be proscnt (such as & pentamothyl beptens B.P,170-180°C)

C4 hyirocodimers (212 ceid typo) charoctorisod by:=~:
an ccmpenont is 2:8:4 trimethyl pentenc which gonorally
emounts 1o 85-*9“% of the product. Othor compenonts
rr“bgbly 2:3:4 T.M.P, ‘

~ Tho contont of 2:2:4 trinmothyl pontanc is little guido to
idontification unless this is sbovo 80% which would indicato a celd-acil typos
of octenoe  Tho emount of 2:2:4 TWJMLP. is Imown to vory fron as low os 10%
up to as high as 60% or morc in heot ceid octancs and alkylatos, L.oponulnr vory
ruch on tamporeturo of polymorisation ote. :

Tho approcicblo contont pf 2:3 dimothyl pontense in U.0.P. typo
odtano freom the Heysham Plant is pessibly duo to the prosonco of scme propans
Jin thp butane an?d may net bo ontiroly cheracteristic of this process.

Othor elkyletss (not reportod horo) have epparontly had a vory
similer eodmposition and sovoral authors heve notod that the prosonco of
dimothyl hoxenos and 2:2:5 trimothyl hoxeno is charcetoristic of this process.

Nething is known of tho ‘ermposition of possiblo cross~polymers such
as -03-C5 alkyleto, Cy-C5 clkyleto, Gg-light potrol alkylato ete. otes It is
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¢ sinslo brazneh paraffinz. such as aroe beginning to

nd will probatbly

(Charcetoristic  Eyirccarhons uhich cifforontioto two

typos 2re morke
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AJ.lsyiateé '

Tydrocnlimers

i
]
'

Lrung) Bet o Texas™ Stanfora &

if Arubn

Hoyshom _ jStondard s

——

'La.AdRougd PR ERLRF. [A204 |EG.6 45/5/6Indiana
119 | I.ha.A0 798 785 o i G ise
122
Prinsiiyl pontmos o : 3 ~
2:2:4 99,2 130.95|22.5 | 82,4 | 30,7 12 | 30.0-26,5 99
2:2:3 G;200:8 || 2.7-| 1,07 11.5 1s6 . 188,23 8,5 902
21312 Cl113¢5 {|13.0 | 945 | 14,8 1§ 9,0 | 28 | :36:7534,35] 43,9
2:3:3 C{114,7 {1840 | 1405 [ 1064 1405 | 28 |- Bu5| &l | 8.6
Total o 184.7 | 47,51 48,1 | 55,8 | 86 1 80,5 75,5 | 71,6 |
”’553*‘:'%&'5)‘.0:: of 1 . '
Irizothyll partag i C
2:3:2 | 48 |47y |45% . 155 1% | 37 (36 14
2:2:5 C 4 2 3 3 21 |10 .u—.%— 13 -
2:3:4- c 20 |20 |20 ‘|18 2% | 46} ey .| 6L -
21213 c! 28 |50k |21k 26 zeg | vd L5k | 12
; - {
O:her cheresteristic
ccopenents '
2:2 dimethyl - .
hexzeans C1106.8 ||~ - - - 2 2.0 1:85) Ll.2
g5 n v €1109,1 || 4.2 | 4.0/! 5.2 1.0. - - | 2,7 -
€8 2:2 n n Cl10%.4 || 3.3 | 2,5 ] 5,1 7.1 ~ - | = 4,0
3:3 mom 111,9 || - - 0e9 | 005 - - - - g
2:3 m o 1156 || 0,95 le4: .3.2 347 - “{ | 2,157 5,6
2:3 dimethyl : :
pentens C[- 792 Il = |<0.08 = - “ 1250 1,2 | ) 1.3
¢7 24 v ¢ 80.6 || 3.65| 3,3| 6,2 346 - 2021 1e6 | ) *°
2:3 now C| 83,7 1| 2,5 | 2,1 3.4 | 1,6 - | 11,68 7.9 L.l
2:2 dimethyl : = RS b
butane | 498 || - | < | 0,5 - ~ L.
C6 213 " ™ . 01580 || 4.55| 5,38 8,1 | 6,1 ~ | 0.9]0.75
2:2:5 trimothyl ‘ S ‘
o hezane Cj184,1 || 5.65! 5. 8,8 [12,7 ~ | v.spellv, smeil )
™ 2350 m 1514 )| - | 1,9 | L9 ;_Jea 2
1
Cl0 2:2:8 trimothyl !
+ I < ~ ) g -
ete, nepions - 0ez.J ) - small
othsr Ligh bodl~|. i 1 .
ing pereffins A N B S X4 2ed
Single Brench
C6 2 & 3 mothyl
pentanss C|60-63 | 1,45] 1s2 | 3,9 27 - 0.1
c7 2 & 3 nethyl ' ' .
hexanes CES-91 |l 04 | 042 | 1,7 0.9. - | 0.1 0.4
Butancs and L ' '
pectanes <lzo %e4. 118.7 | 18,7 {20.0! 1 1 i
s . . | : 3
# A.2.I.° N.B.S. enclyses by Augustus R. Glasgow by fractionotion and analysis

by refrectivs index,

A1l cther figures for Aruba and

Raton Rouge alkylates, Aruba cnd Heyshom
bydrocodizers, determined by fractionation & analysis by infra red spectroscapy
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German Avistion Gzsolines - 03 Green Tvpe:

14 ¢

ples have boon fractionate
mothod which gives feirly sctisfactory figuros for total 2,2,

octones 105-1150C (2,2,3, 2,2,4 and 2,2;5 otc.)
5 samplos havo boen analysod in dotail by infra rod mothods eppliod
to soparcto zromatic-froc fractions end elso appliod to -ono semple froed from
tolucno by czeotropic distillaticn, .
' 4 saomplos havo boen onalysed without or with only rough fracticnction,
_ Spectroscopic analysis of individual fractioms is the bost mothod,

but tho octher dete is inecluded as confirmotory cvidence. '

4 and anelysod by cniline point
4 TP, and total

, TABLE VI

TABLE VI
0 it
Semple ine fracticn&‘tion,l Fino frocticnation Uncut or rough
& orilino point mothod & infra rod anclysis’ frecin, & iniva ol
NO. | DATE 2.2 4l Bicter [Tatel [2,2,42,2,4 [2,8,4Total i%2,2,4) 2,2,4 2,3,4[Totel &
: T.M.B| T4 E'NTMTY  in AP | ofel|T.PS  in || TALE] ote. |TULE 224
T }.Ps TMLP EE |+ | in
: VP! s
GFres |Swmarwo 9| 3 |18 | B
40/41 | Seph.'4 9 3 12 75 ‘
C¥3l | Atmn'4) 103 5%— “_ | ®
GFI2 morad 10| S5 | 183 74
ATR141 | Juno t4l 12% 4f | 177| w11 |5 16 | 69
ATR144 | July &) 121 5 |17 | 7alliz |5 |17 70
ATRL76 | hprilead- 11 {1 4 |15 | 7eflud |33 15 76 -
ATR189 | Juno '43 7| 8 |15 | 46| 8 |8 16 50
LIRRES |Mey '43| 13) 5 |18 | 72{12 |6 (18 66
LIR287 12 Gol | 181 66
LIR291 1343| 64l | 1944 68
ATRZ05 | Juno'43 | 124 7 | 19%| 64 :
ATRBIL | " 143 13% 7 | 205 66 ’ :
4IR312 "3 % . 12 5 17 |71
ATR®LY | (wid, B)| 184 7 | 2ck| 66 12,09 6.0, 19.0% 665
ATRAS 1= . . e y RO . . H oL
a2, %27 | (i, E)fisie1a 6} | 20%| o7 .
ATR328w : )
830 | (1ld. E)| 133 7 | 20%| 66
AIR33L | (1ide E)| | - 12 5,5 | 1745} €8 |
o o . | . K
¥  Includes 2:2 dimethyl horene (ca 0.9%) with 2,2,4 trimothyl pentons
~4  Encludes 2:2:3 & 2:3:3 trimethyl pontanos with 2:3:4 trimethyl pentane
# On matcricl freed from tolusne by azcotropic distillation

T
COMFOSITION OF TRIMETHYI, PENTUNES (Infra Red Method )
R SRS 2 = =
. -
Fuel AIR | AIR AR AIR AIR AR g
141 144 176 189 285 317
Vol, % on Fucl
2,2:4& T.M,P. 11,0 | 12.0 11,5 8,0 12,1 13,05
2:533 TP, - traco? ~- - 0.6 l.2
2,‘3,4 T.I\I.P. 5.0 5.0 ‘;.'50 8.0 4 Q6 4.1
2,3,3 T,M.P. trace? - 065 - 0.6 007
2:2 dimethyl hoxene 0025
2:4 " f 0433 Cel0
2:3 " " i | : C0.,83
2¢3:5 trinethvl hoxono | . i abscnt |

-]

FA

Iroo

& from tolucno by czcotropic distiliction (Ref. S1)
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(fractlonctaa in

RAY CC".TCSILIO‘T C"ﬂ P
CO“'[ gRIi»O’ """Cq
plote still end toluene removel |

TABLE VIII
b

i

40

by acid washing)

A,I.R, 285

WHOLNS
7
!

OF FUBL J

G )

IRZBS

i

-
‘Wole % on fuol | Vol. % on Ca | G | ©
added octang AlkylaipiHot add | Cold
{calec.) . - (Us0,P.) ; Acid
Cg I e
2,2,4 trimothyl pontare 12,07) 55 ) | 20~-30 - 30 90,
2,2,3 " n 0s 62), 3 ) 1 10
2,3,4 " " 4.60)%7 21 )8L{10-15 | 35 | 510
2,3,3 " " 0e56) 2,5) | 15-20 5
2:4 dimethyl hezeno 04 33 P )
2:2 " : not dets 0 )8=10 | <&
C7
2:3 dimethyl pen‘cane 1.82 8~9 \ 2 10
2:2 not dot. 0
2:4 " " not dot, 0 ) 4 L3
3:3 " " 0sl4 ? 0
2 mothyl hexcno 0469 nil (?) ) 0.5
3 mothyl hoxene 0.50 nil (?) ) Ve
Cs
2:3 dimothyl bu‘ccno 0. 95 4 (?) 4ee5 1
2:2 " Ocl 0.5 (?)
2 mothyl pen‘bano 0,97 nil (?) } 5 0
3 mothyl pentono (004 +) nil (?) )
Co .
2:2:5 trimothyl hoxono not déotoctod 0 5 <1
2:2 branched paraffins presont (say
B.P. 1759 (hydro~trimon (say 23%)} scy 5% ney bo
present
sny 23% 100 .
DISCUSSIOH AND CONCLUSIONS: i

It is concluded from tho spall snounts of dimethyl hexmnos cnd the
proponderance of 2:3:4 trimethyl pontono with roletively little 2:3:3 trimethyl
pentanc ané tho absenco of any 2:2:5 trimethyl hoxemo that tho added octanes are
not alkylato.

Tho predominanco of 8:3:4 trimothyl pontono, tho prosenco of 2:2:3
trimothyl pontonc cpd 2:2 dimethyl hoxano as well as the presonco of more
+ 2:3 dimothyl butanc and 2:3 dimathyl pentcno than would bo oxpected to bo in
the bese fusel, all point to the nmaturigl boing o hydrocodimer. This is also
supportod by the prosencs of abeout 2% of multi~branched paraffins boiling
‘dbout 175-180°C which is probably o snall amount of hydrogenated trimer,

Tho close similerity with hydrocodimor 1is brought out in Table VIII
cbove wheros it would appear that fuel A,I.R.285 contains about 22% of octane
metorial, 81% of which is nctually trinothyl pontones.

Theranin difforenco botwoon this matorial and tho Heyshen octcne is
that tho Gormen matarial is richor in 2:2:4 trimothyl pentene cnd is thus
noarer to ¢ ¢old acid actenn.



“‘Vi- .

It is gugrostol that the procoss usel is actuclly iny rolving
phosphoric acid typo cntalyst oporated 2t 2 loy tszperaturs and high
throughput with ineomploto conversicn and o high proporticn of 2y2,4 T0LF
and a low rigke of trimer, so that the wholoe product con bo hydrogonate?l
dirsctly anl put into tho grocn fuel tegether Fith tho 10- -15% trimor. Tho
unpelynorised olefines possibly with othor olefincs an? proponog, butmmos
and pontancs cre thon passol to alkylation to yiold a f&l“l - posT quality
alkylato which goes t5 tho B4 bluo aviation Tutl. g -

It is possible thot this p”oco:s us08 but:nos from tho hylro-
ercmetisation process whick operete? et high toaperaturs woul” bs richor in
nermal butano, ' ‘

t i3 nlso posaible that the addition of =z dehydrogenation
(hydroforming?) process to the cromatised naphtha (23 has boesn suggested for
recent samples of groen fuel) would produce more butanes end so inercsas
the availability of ccetane. .
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M1 - 2 FeX] R EI R - \ e LS
Tekle X zives fisures obtained in y Ior the caposition of the
vrrinticne I hense antoriadl (cetoao-froc ~rricon with 73 cetane virsin
Roumenian ~asoline cnd vith severnl types arenation gs.solil.cs.
“iop .
srence betveen the bose fuel and Rewanion

The covious voints of 11
-

k
or nornal vapowr rhase hyfr i -yoircl -re -

tuch higher cromatic content of green fucl dose,

b) Lower "front-crnd" volatility,

Teble X 2lso zhows thet vhercas tho rroen fucl
er ogene of the lower vol ':‘,;J ity of Mvopouwr ohoac! oo YA < g B
arount of Cg and Cg nanihthoncs i :’~ ury Ceficioent in Cp and Cg navhbhenes T The
ok e 4
- v,

thenes,

sacll mmow C ohexone, ond
cthyl cyclchoxane in wha L is rrobebly o hyiro preduct frav o b
naverdal, arc considerced to cugport the view tl‘.at such naphthencs have been :
c-.ustrf-ycd by ."hv("rc'*cnoti\:’l or were never formed as in @i arcnmotising oplitting
rocely sroduces aronotics.  The conpoxative ab_,c,noc of such
naphtl'xcn‘-s 15 :.lso considered os ceviderco against the supposition that gjroeen fucl

svs of o plend of rrunctics added to 2 base fusl of lover ~rimetic conteont
o_nd. nere nornal naphthene distribution,

ts of such nophthenus as methyl cyclohoxanc, dinct

e
L3
O
Q
Q
©
5]
i
OJ
o)
;_:

If the composition of the base naterial is expressed on the basis of
avaence of btoth synthetic cctone ond erometics, it is c.;:pm:*w"" thot the distriba-
tion of the romeining L5~405 of paraffing cnd naphthones is vory A9 c,rwt fren
¢ither Roumanian or normel hydro petrols in tlu.u the sroportion of g peredfins

and nophthenes is much higher (Table XT),

This fact of the presence of o fairly normal amount of Cg hydroctrbons

reletive to C7 ad Cg, b the chnewmelly 1o contunt HF 2000 [1og ( sehopbamen
dimethyl cyelopantoncs) and thoe prousence of on wpnreeicdle ancunt of cyel L}w::'w'
cOmpLred ed vl

ith the low content of mwnjl cyclohexance &1l sugpest that the lower
port of the fucl has not been produced by the same yrocess as thob uscd for the

. .

higher boiling ronce,

These anemalics sucposted thet a low boiling fraoction centaining Cg ond C6
hydrocarbons of end-point chowt 8500 s Loins added to o low volatility hijhly
araanrvised naphtha contoining com m\mvul;} Iittle natorial boiling velow 5550,

On these preounds :.L. WS SUSCE that the coxrlicr tyse of sroen gesoling
finndl blon? wes nade ws fron g - '

-~ - ~ : b B T o T e

25-300% 0. Lisnd eub of Or ond Cg hy“rnc'vmo" g, nodnly Lolling bulow

35°¢, Possi f vith cadibionsl oontanc,

55500 «.e Low Yolntiliky, : ha mede by dostructive

WyTro troix .ﬁ':‘ Lo ;f‘ . ui‘ou.: inous ’.":L- “J.LL" Such o nurhtha
; o capposihion of cbout 6O 3

g . L. e T PSR, LT N, . cr O
affing cad wvould hove o Bolling r:'.z\ ¢ essenbinlly 90

LE]

mthobic octanc of the phosphoric waell {ype, but rich in
2,2,11— .L.!‘L.P.

It wes also arpued that the light-cut frocticn was not nde by horpodt ®
hydropenation sinec ;= ‘

. . . .

&)  This would yiceld more iso-pontine and luss or'"ul PONTMC,

b) ijore iso-hexancs and less n~hexene would he present.

c) Iore nmethyl cyclepentene end nuch less cyclohexance “«:Juld e

.,-c,gcm’c

The arsuments reperdinge proporticns of ise and normol poreffins would
cortainly oxelule the nomad modiun tenpercture hydroscastion proeess frar supply=-
1 P -y T4 MNE
ing ony 3'~-m01o.ulo portion of this fuel. These analyscs ore considored to be

foirly relinhle,

¥ Fhe word "normal' hytirogenation is used to di *tmm.u h the medium
tamperature (ca, 4O0°C) destructive hydrowemation carricd out in the
vapour phase vith consitive cotbalysts froan thoe l:.q.u.d phase roeess or
high temporatuwre 'aramatising?t,
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Iso~pentane

2,
n-ientane 1

0.8

~lwu

% Iso- in pentencd

bo)

C

A
- (0 —
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Isco-nexanc & i-’:‘ " 2.5
n-nexone - i = 2 251 211.L
% Iso in hexencs ! 50 60 5 83 |62 {851 65 . .50 7
Hethyl eyelopurntone & & & 110 M35 12,9 2.8 3 5
Cyelchexng l 6 les 2 1.8 2 | 2.31. 5 -
¢ 3..C.P. in Cg noph- s . |

L 5 6 8 a5 18 g5 se L0 L7

thenes 50 0 0 o5 14 5 &5 . L
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¢ crenotics L5 50
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ot | sof 36 | 377|u8

)‘\I

-
i

ANl
WO

5

g
~I
~A{

T

O QO
£

!

Lo crafTins

ey

Th iy of methyl e iafrevory

Uz V), but the aniline point cyelshomars
crror is incrcosed by anunolous hchavicur on ~:7i:.=t'1¢:.013 in the _roconce
coownis of Lonzone, Dven oo thore is certainly oore cycl::*.::::c;:c cresand

o~y T T e

1
in fagrmel! acddiw tenporature hydro-peirols weriicularily in the corliicr
i &

5 tlm Jroen cviction fuel.,
It has alrendy Bcen pointed oub (Vppendix IT) that more o
then would bo expected (unless thic is wd from chenol in the o
wroboble cxplanstion is that since benzel is being alded to nong ¢
fucls sac will alsc 7o into this wcviotion fucl, lotor benzole my
raw motericl teing treated for hydro-orometiseticn in such o wey tl
is refined and alsce portially hydroroneted o cyclohexanc. This
would account for the lorser rotio of Og naphthencs $0 O rerarlfi
normmally:the casc, » : . . -
The corlicr type of ;roca ~asoline contains more naphthenes then yparaffins
(when corrected for added octanc) cad if it is also assumcd that the frecticn up
to 95°C is from a different scurce the crumabiscl norhthe froeticn 95—1’75"0 w311

have ‘same such cauposition as 615 arcustics, 3157 naghtihcencs end only & poras
ond is thus sinilor to the 1z -rul o£ility wroduct from hish temperature "orcomotisas
tion" of crecsote, (Hydro gosoling (4) in Teble Xj.

The ehsence off cny anireciable ancunts of olkyl cycla: ’:.t:;. >3 23 compared
wvith normaal meddwn tenp. hyd o etrols is olsc comsidere:
the process used, J,hu neyhthones roscining in the avroned
lorsely aMorl cyclohexnnes fomacd by frcet hypbre-onotion of
or none ol the ismmerisation to cyeloiontoncs wich is so chorachoristi
semperatwre splitting hydrosenotion rrccesscs,
reon fucl (net.froe) Topic
T
M c{:l‘-yl cycle: entanie e 6,
wwihyl crelopentanes ... o

};‘thyl cyclucntone .e e s



Little information is available rermrding the coavosition of hexwues and
pontones mede from higher t\.x*yu“'-.mrn, high pressurc destructive cromatisatior, bul
it iz ynovn that such conditions and also opbr:ction of liguid phase rroccsscs ‘thv‘l
loss scleetive cabulyets would yield products with higher D"‘OpOI"tlon.: of cyclo-

hexane relotive to methyl cJ‘cloovntane

veraffins (sce toble above and Toble X).

temperaturce or liguid phosc hydrogenatl
basge material in the. green fucld,
motericd from another source is being
of thc acromatised preduct. '
o

CHEALCES Tl CCLPOSITION NON-ARCUTICS

although

wnd pormal poraffins rele obive to iso~

on

it is sti11 cons

caded

—Q‘ v

NN,

Ti G

T4 is thus possible thet zuch high
prou,u.,us viould orovide the whole of the
idered thot light cut
to increcse the front ¢cnd volatility

1] GRERN C-3 AVI.TION GASOLING

Table IX lists 211 the sonplo
heve occcurraed. These are -

(1)

Znd of 1940

F“m—-rao nt roeduccd from 185°C

P

.

cxomined and

to 175°C by cutidin

shows that several chonges

1z back the aromatised
maiﬂly hed the offcet of reducing the amount of high

naphth iz
004.'1 ing 'w'omcztics viithout much chon ;L, in composition of non-arcmatics
1*::Jufrh cetene contunt was raised from atout 16h total to dbout 195,
(2)  19u1-19u2 ,
Littls chonge, opart from clight further inercase in octanc contont,
(3) Durdng vorly port of 4943

LA 2Ty PR -
A muazber of prosrossive choo
.
B s RSN I .
o) Mupdlur lnaronss In oscto

res ceeurred

(¥ (‘\)v'lu\. 1t by 5rJ up to c.«-}./J vol.

T)  Ireruiss in wntine content fron G- vol, wpr to 1‘Cf.i val,, od
algo o Locrecse 1t Nexmow comtoent from cbhout L vel. up o
chout & vol, '

’Th‘ s¢ chonges ot first resuited in o reduction in aro onatic content duc

Lo dhe dilution effuet of adding 10-155 more naberial, but loter
during 1943 the aroactic conmtont vas restored to +ho pmvlou.a Tigure

ond this
8-1055

of cbout 365 vol.

Morked decrcoase of

nep'l‘c NCNCS .

c)

d) Considereble change over
wwoy from such mono alk

asic

1ost change was accompenicd by -

in the omount of higher boiling

in the ccmposition of the wrometics
v1 bensones 2s cthyl, n-propyl md

2.5

n-butyl towerds. the meta poly-methyl tenzenes such os mexylene

and n-cthyl tolucnc,

These changes cre clearly shovm in the fellowing table -~



TABLE XII

CHANGES I¥ COMPOSITION OF GREEN AVIATION FUELS

\ ' : )7 ) i
DATE : 1{;; 19243
| Sample No, : AIR || AIR AIR ATIR AIR | AIR AIR
» 176 4285 | 305 | 311 | 317 | 318 | 328
Inock Ratings: ' .
Weak } 95 96 | 965 | 97 97 97 97
Rich, ;5 grnde 130 ca. 110} 118% | 124 | »125 125 | »125 125
Vol.:} octane material (total)] 18 21 22 2l 25 2 25
Vol.% pentane (+ butaneg) 6,55 19.45 | 10.2] 10.0 | 10.5! 10.25| 9.95
" hexanes ' Las J15.85 ) 6.2 ) 8.3 | 8.4 | 7.85 1 8.1
Vol,7 total aromadics 37. 1132.9 | 32,43 33.95| 36.3| :36.55| 35.75
Total naphthenes, vol.% 26.9 |l 05,65 25.5 18.8 | 16.8| 16,6 | 17.6
Boiling below 959 11,2 §i2.6 | 12.1} 11.15f 20.4) 9.9 10.95
Boiling 95%¢-180% 15.7 {13.0 | 11.3} 7.65 | 6.4 | 6.7 | 6.7
Aromztics below 95°C (benzenc)| 8.5 7.5 7.35| 5.75 | 6.5 | 7.1 6. 65
Cyclohexane 5.3 04.25 | 3.75] 2.95 | 3.25] 2.75 | 3.65
Methyl cyclopentzno 3.9 5.8 5.9 5,8 51 505 |5.1
Cyclopentanc 0.85 1.0 | 0.75| 1.0 |09 | Lo |10
kromatics above 95°C 28.9 25,4 | 25.1] 28,2 | 29.8] 29,45{ 29.1
R, ' 12,5 |10.05] 10.4] 11.0 | 12.5| 12.2 | 11,65
Cg 9.6 18.65 | 8,0 | 9.6 | 10.0{ 10.4 | 10.5
Cy + Cyg 6.6 6.7 |5.9] 7.6 | 73| 68 |6.95
Naphthenes sbove 95% 15.7 [13.0 | 11.3| 7.65 | 6.4 | 6.7 | 6.7
- C7 L. 2.35 | 2.8 1.8 1.6 1,85 | 1.8
Cg b9 L5 | 3.7 1.75| 22| 2.2 |23
Cy + Cyq 6oLt 6,15 | 4.9 | 3.1 | 26| 2.65] 2.6
Ethyl benzenc 6.2 be?2 245 | 3.5
m-xylene 2.9 2.5 3.35 | 415
p-xylene 0.7 0.7 1.25 | 1.2
o-xylene 0 0.95 1.85 | 1.7
Ethyl benzene j on Cg arom., |63 50 08 33
H-propyl benzene 2.4 0.85 0.9 0.6
Ethyl toluencs 1.6 2.25 . 2,05 | 2.8

The most interesting changes arce thosc occurring carly in 19435 when
apparently a further menufacturing step was introduced to dehydrogenate the higher
boiling nopirthenc present in the aromatised naphtha by some such process as hydro
forminrg or possibly recycle of the aromatised naphiha, '

Most of this decrensce in naphthenc content has occcurred in the range
above 115°%C .-
3> 1150C fraction of recent green fuels

1942 194,
Vol.s of fuel >1159 (1.B.1.) 33 50 2.9 27%
Composition % on 3155° fraction
Aromatics 51 52 565 6l
Naphthenes 32 52 27 17

Paraffins 17 16 163 19



= Vi =

It should by noted thet vhen 5. more cetanc and 3% more wentones ond
hexones are present in the acst rocont 1943 uels there hag —..Lctue.liy been a
deercase in cyclohexcsic ~nd in benzenc condumtbs. This may be o dilution effcct
or may indicote that less bonzol iz beding 2dded ond thot cyclohcxane is now
being dehydrogennted in the last grocczs.,  The irercose in ventanes and hexancs
with o decrcese in bernzene mad cycloho:como would ecpperr to conlirn the view that
the light cut is o ‘separate component of +he blend,

(Chonges in true colling point distribution on fractionation are clso
apporent,  Thuse are discussed in Aproudiz V and Toble XITI).

CONCLUSION
The mont reeint tyoe of green fucl is now considered to be nhde up from

= len

the folloring conncnents -

-

<

ol.;

(1) 2%5 ... Light cut, mpossibly "‘"'o'“ hycrogenation wroviding most of the
pontcm.c—:s, ke *cs, anf m«,,ln,J. cyclomenvans md boiling up
to 385° This cut v ou'ld have cainosition 7, benzene,

293 nar:.”.tlv.c-lw, Blys paraffing,

dero- reffined Lu,n.:olc, orov'rl:n'* 4 perts of bBenzole and

D
N
w

o

(

LN ]
possibly 1 part of the c_,clohc.::am.
-\ d - . » - -
(3) Lz, ... Doubly ararssiced. n 2"'_(‘1‘ itha,  Iade in two stopge process

2) By hish temp, desbructive arometising hydrogenation of a
minous rosrmodorislto give o low volot 1lity highly
aranavic napixtha, possibly of some such conposition as @

615  oaromatics
371 naphthonces
85 paralfins

and boiling 95-175°C with little below 95°C

b) This srometised naphtha is then given a second aromatising
treatment (probebly different conditions ) or is hydro-
formed (dchydrogenated) whercby the composition becames

74 - eromatics
16/, .nephthenes
10 pareffins
A certain amount of ges ond lov boiling hydrocarbons
made in tlllu process may supplement components (1) and
(4) (scc Ref. LO).

(%) 2L; ... Synthetic octane nmaterial mede by low tomp, oodbation of
rhosphoric ncid process, The éomposition is approx.
80, trimethyl pentoncs
12, other paraffins

&. hydro trimer

2:2:4 trincthyl pentone fams 7005 ond 2:3:L4 trimethyl
penveone cbout 22-25 T of the total Arimethyl pentanes.
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TABIE IX
NON=-AROKATIC HYDRCCLRBUN CCMPCSITION OF 14 SiMPLES OF Cz (GREEN) TYPE OF ENEMY VIATICN GASOLINE:
(inclysis by fractionation and aniline point rothod. Volumo %)

Probable Chiof Cemponent . Rongo GF ! 4¢/41 G@F eny AR | AIR i AR ; AIR| am! Am| AR | AR] s | amR
g 28 3L 1 38 141 144 176 189 285 3C5 | 311 ' 317 3is-27 328-30
A M £ Rl ARV NSalb {7 N oA R ) Rl L SR IR T T N s
Paroffing:
Ci iso butane ) 0 0 0 0 c o Cel5 0 0 C.05] 1.1 0 0 0
C':E 'IIOI'I’.}Q]. bu‘[‘,{':nc ) 'POG' 1.1 2.05 1.2 1.8 2..1. 2-1 0-7 1055 1.55 2.55 3. 45 G 0.9 0045
Cs 1isc pontano ) analysis 30| 5.0 2,75 3.6 2,051 3.0 2635| 3.6 4,38 4.8 3.C| 6e9] 5.3 5.9
C5 normnl pentono ) 2.3 | 2.8 1.6 2.3 2.4 La75| 3.25| 2,35 345 o735 2,40 3.6] 4.05| 3.55
Ce mothyl ponbones 40-65 Bed | D3.95] 3.2 e 8 1.3 1 R.15 | 1.55] 2.5 2,9 3¢5 5.1] 5.1] 4.6 47
Cs normal hezono 85~80(75) a6l 2,45 2,55 2,55 2,7 2.15 249 1.8 2,9 2.7 32| 3.3| 3.25 3ol
Cp 2,2 and 2,4 dimothyl pontonos (75-85) , - 0,451 Q.7 Cab| b 1,0 Ce6
Crp mothyl hoxones - 80(e5)-95 44l | 3.45| 3.4 Bu85 | 2,15 2,450 2.6 | 1,95 3.0 S.70] 3Bud| 3.2 3,4 3.35
Cr nermel hopiano ) 95-102 JeT5] 949 11l.4 10,45 113,35 13,1 || 11,9 795 | 12,95! 11,9 ) 12,9 13,1 13.35 | 13.45
Cg 2,8,1 trimcthyl pontane ) :
Cg dimothyl nhuxoncs (& T.M.P.'s) 102-113 4ol | 3455) 4.5 4,55 | 5,3 6650 || 4475 8.9 4,8 6.3 5.9 5479 5.45 | 6,05
08 .’lcth:‘/:t. bC‘Ptﬂnos . 1.1.3"123 1.25 104.‘ l. 15 1-4 C.S loO 0075 201 0065 017 ch 0‘5 014 003
08 N-cctane (& T.M. hox.) 125-129 Qe | 0e45 0aSD 0e55 0.15 0.35 0.25 ] Cat 0.1 0.3 OS5 | 02| 0.3 Q.4
. Cg : 129137 1.05] 0.75f 1.0 1.0 Qa6 055 || OB | Oeit 0.8 Oe5 Ce9| CubF 09 | 1ol
Cq ' 137-153 0ot | Oe4D] 0551 035§ 0.4 Ce2 Ce35] Out 0.5 0.5 0.6| 0a8| 0.8 0.4
€10 Sawmo hyaro triner) 7153 2.,25] 2,6 4,15( Ba7 1.6 . 363 | 145 8,95 3,05 3.2 3.0| 3.051 2.9
otc,
Totol woraffing ? 557 1 38,8 | 38,04 39.C 54,9 | 35,35 ||35.7 {35.35 | 41.5 | 44. (D] 47.29 46,9 46,85 | 46.6
Naphthonos:
Cs cyclopontane 40-6C DeCB] 0651 0475] 0.7 C.7 075 || 0.85} 0.7 1,¢ 0e?5] 1e0| 0.9 1.0 1.0
Cse methyl cyclopentanc 6C~75 5.1 5.95] 5.0 5.5 35 545 |l 3,9 | 4.1 5.8 5.9 5.8 5.1 5.05 ] 5.1
Ce cyeclohoxnne 75-84 - 5.3} 4.05] 4,0 445 535 | 4,95 || 5.3 | 5.35 125) 3B.75| 2.95 3,25 2,75 | 3.65
C; dimcihyl cyclopentimos 84-95 2s4 ] 2.0 155) Le75 | 0485 0e95 )| 1lelS| 0e9 1.6 1.7 le4 | le2| 1.1 l.2
Cy mothyl cyclohexano + ote, 95~110 5.15| 4.9 33 3.4 442 3065 || 4445 | 4.65 2e35| 2475] leB | lab | 1485 | 1.8
Cg dimothyl cyclohexnnes cte. 110-125 2,8 | Re25] 8,3 2,05 | 1.0 1.9 1.9 | 1.55 2ok 1a85] 1a3 | 11| 1.05 | 1.15
Cg ethyl cyclchoxane ote, 125-137 , Sel | 3.85] 2,251 2,5 3465 | 265 || 3.0 | 2,95 2,1 1.85] le45| 1.1 | l.15 | 1,15
Co 137-153 1,95 1.85] 1,5 1.2 1.85 | 1le45 || 1455} 1.65 2,0 1.8 Ce8 | Qe | 1,2 Qa7
C10+ >153 ' 4445] 3,75 440 3.9 6,3 5.8 J 4.85 | 4,15 4,15] 3.75] 243 | 2,15] 1445 | 1.9
Total prphthenes ; 30.0 {28,651 24.65! 25.5 ﬂ 2704 127215 [R640 26,0 | 25,65! 23,5 | 1848 16,8 11646 [17.65




~viii—~

TABLE X

CAMPOSITIC! CP TYPICAL GERIZAT GREE GASOLIWES COMPARED WITH MaTURAIL FSTROLETM 4ND HIDROGEATION GLSOLINE

(figures mainly by aniline point method - supplemented by spectroscopic methods)

‘ CERAT G O3 Ghoons _ AR [ FYDRJCENATION
et e UE  |B.T. 'Imwm CREOSOTE, MIODLE OTL
PRCB.BIN COMPONET 3.7, RLNGR —473 00, ¥ED. TP . JORMAL, 7., 5T GHM
TRACTn. POTNT d V.p.
- e  135% 160 200 [480
Tetinated octanes added as vol..: mi final blend: -1 (1) (2) (3) (4)
2.3 dimethyl pentane etc. 88- 95 ' .- - _ _ _
2:2:4. trimathyl pentane 95-105 91; i2 - - - - -
2:3:4 trimethyl pen"banc, ete, 105-112 5 5. - - . - -
Hydro trimer (dodeconcs) f ca.175 2% 1 - _ - - -
; s
44{ A,/«/ﬁ 6 | 19 nil nil .| nil nil | nil !
Calculated vol. > composition'\of octaiw~free base: '
is0-butome -11.5 ) 0 0 . }o.e 0 C.85 405 [0.75 | 1.55 0
-butane - 0.5 g 2.0 2,2 2.3 0.25 ¢ 1.3 0.2 0.8 2.5 0 2,35 0
Tso-pontane 28.0 0- 40} k.25 | 3.3 5.3 7.9 14.35 18.0 9.05 7.1 10.3 3.5 23.3
-pentane 36.1 ) 2.7 | 2.9 4.0 5.15 1 3,35 b5 2.0 2.15 10.95 | 2.2 3.35
Cruloventane 49.3 40~ 57| 0.85 1 0.95 1.15 1.3 ] 0.5 0.9 0.55 0.35 0.7 0.6 0.9
ilcthyl pentanes 58-63 | 57~ 65| L.15 | 2.1 4.1 6.3 1 7.55 10.8 £.55 445 | 1.15 2.5 14.95
iT~hexene 68.8 | 65- 75| 3.0 1 3.15 | 3.55 4.3 1 3.0 2.1 1.85 1.55 | 1.05 | 1.5 2.0
iwsthyl cyclopentone 71.8 65- 75) 6.3 5.3 7.45 6.55 | 4.9 13.2 10.15 .55 1 2.65 2.9 8.9
Gyalohexane 30.8 75- 84| 5.5 6.3 5.05 L2 5.45 2.5 1.85 2.1 1 5.55 1.5 1.1
: 2:2 and 2:4 dimethyl pentonis 9-80 | 75~ 84 tracei small| 0.4 0.2 ? smell | troce smalld trece | smell 0.45
: Benzene 80.1 65- 90} 7.%5 {11.0 9.45 3.8 1.4 L.y 1.65 1.25 | 4.5 1.8 1.4
b ictinyl howanes §9-92 | 8h- 95 2.7 ] 1.75 | 2.2 1.5 8.3 5. | 5.55 | 3.3 jo.6 | 225 8.65
: Dincthyl cyelopentanes 90-22 | 84~ 35! 2.0 1.25 2.1 1.5 5,45 5.4 6.95 4.0 11,85 1.65 6.2
! I=herbane 98.4 | 95-102] 0.9 i 2.8 0.6 0.5 § 1.4 S 0,25 1 0.25 0.3 | 0.75 0.7 0.5
| seshyl cyolohewanie (+ Sthyl 5L 101-103! 95-110{ 5.7 ' 5.1 3,25 2.2 118,25 10.15 | .95 7.95 M2.55 | 4.0 9.5
5 D_ncthyl hexenes, trinethyl C.x.s ca.108i102-1111 C.9 f G.75 0.75 0.55 | 3.6 1.75 i1 0.55 | 1.05 1.2 3.5
Tolucre 110.6 | 90-118! 6.55 |14.9 | 13.0 15.85 { 5.0 5.5 1.75 1.2 | 9.3 k.05 bl
ilathyl hopten 117-120{114-123] 1.7 1 1.2 | 1.0 0.55 { 8.0 2,15 | 3.55 2.5 | 0.8 1,45 3.75
J-m sthyl c;,rclohc,\:a.‘st (ete) 120-124,.1110-~1 25} 2.8 1 1.95 2.7 1.5 111.0 5.75 8.75 5.85 | 3.9 2.7 L..85
C-octane ebe. 4 125.5  [123-129 0.5 1 0.4 0.4 0.5 0.9 0.15 0.25 0.25 ! C.1 .95 0.3
’ t-lyj cyelohexanc {cte) 132 i125-1371 3.151 3.8 2.5 1.5 1,25 3.0 4,55 3.7 £.05 3.45 1.0
P Bohyl benscie  (U.7) 1384 )f . P71 5.35 k.35 ) 0.2 1.75 C.75 0.2
! Bexylene (v.v.) 136.5 ) 118-1145 | 3.3 3.2 5.25 1 0.3 0.95 G.5 | 0.4
I Pexylone U7, 139.2 )i ' 0.8 0.9 1.55 | 0.1 0.25 0.1 | o.
i O-2ylone R 144.5 ) ; 1.2 2.3 o o 1 o |
' Totel C8 aroms. (inFt.) {| 25 1.4 | 10.6 3.45 | 0.6 2,95 1.6 1,35 {10.2 | 6.
Cg naphthencs 137-153 1.65| 2.0 1.25 1.05} 0.7 0.7 6.95 4.85 1 8.75 8
Hectiyl toluenc(U.Y. 161.5 ’ i 1.35 2.2 2.75 0 0 0.2 .
E-cthyl toluenczU.",r.; ) 162.1 11,5464 i 0.5 0.55 0.85 0 0 C.05 :
Pseudo cwmenc (U.V.) 169.2 y| 15770 . 0.75 1 1.0 1.2 0 C 0.1 |
S propyl benzonc(U.V. ) 159, 2 2.6 | 1.15 0.8 | o 0 0.2 :
' Total Cg zroms, (4AnFt.) 1051 4.7 4. 05 - L5 | onil nil 0.45 0.5 1 9.5
05 + A0 and hint g 5 Cq,015 cte. =13 2, 1.5 2.15 2.0 { 1.5 1.1 ¢ 3.0 1.5 1 1.2
r\'/l, ff;?u gher ,mﬂ:;)iﬂgiﬁcifm B > ;; z+.§ 5.9 5.05 2.5 trace nil 9.9 25.1 107
-butyl venzene (U.V,) 183.1 ) P2.5 0 Y 0.5
fiydrindei s (v.7.) 176-186) | >166 51 1.5 0 ¢ 0.3
Total % higher croms. )| P
(£2.Ft.) ) bbb nil nil 0.15 2.3 ; L.15
Basc Fuel total vol. .  Parsffins 25 20 Wy 465 , 37 30i 9
W LGTC 33 335 48 1wy | 57§ 3% |53
Sk tENes 2 22 a2 i 1 f ;
sromatics 42 Loy 7 i 13 1 5% ; z | 38
; l : ; ‘

More detailed analyses by spectroscopy on these

gasolines are reported in following pages.
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NOTS O METHODS OF AWLYSIS - ACQURICY & RIPRODUCIBILLITY

I, GEIRAL NOTI A R

The method of enmalysis of petrols used a% Billingham for some years has
been fully described in virious TLporvs (se,o Refse % & 4)o .

4 foirdy irmle nothod ves dos:Le,ncd to cncble o l rgc nurbcr of semplcs to
bc cxnmined in a rcasonnbly short tirme nnd with fc.lI‘l simplo meothods for annlysis.
This policy wus sdopted beenusce it was realised that coy nttospt nt intcrpretation of
the analytical rcsults could only hopc to have sny ronl meaning t-

.

(n) if = sufficicatly lerge number of sarples of cnimy cvintion gasolinu woro
malyscd so a8 to give 2 mensurc of the limits of fluctuntion
betwecn different serples, This is neocossury so that chbviously

wocthorod or contarinatod samples coulé be oxcluded, and so as 0 bo
chle 2 armvc nt o Satlsf’lctOT’llV rcnrpscn“b"xt:. 7o LVCTage ‘.m‘ly':ls.

(p) if o suf:f‘ici.:.ntly widc rangz,\; of *.plo.a FCPC £ ljsoa ot avmtlm
g.30lincs or blending ecmponeonts fron known saurcés or prcducc’ by
mcyn proocsses ic be =ble to identify an unkancwa hyéroccrbon rixturc
ns buing dorived fron n particular source by ronson of SCme highly
charnctCristic £octers in the capositicn or distribution of the
individual hylrocorbons. '

(e) if the differcneés in cempesition of aviation blending corponcnts and
qznhthos Tron diiferent T gources as dctormincd by the methed of nnalysis
scd were ccnsilercbly groater th'\:\. possible crrors in the mothod
AT :p“ly“is. ) . s

Obvi-usly somi comprorisc had +4 be med
2f enly & fou samples or approximats ~anlysis of
psssible.

.idu a oLlCC tion of se ﬂples as

Since 1‘c h.._ been fownd thot o sinple i‘r"cti‘n ~tion caslysis mothed
{rfs. 3 & &) gve v preducible results wnd domenstretced $hat hydroginoticn gasclings
hnd Ch?I'LCtC.Clo'thS in comprsitiin -which #ppar: ntly all wod ther W be distinguizhed
Lru-.._vnatur(-.l petrdloun gnscline,it was dceidcd o use this method throughout and
pply tho results in o ccrpuraive way to dctemine whuther the wpknoewn metcorial
ceuld contein large proporticns ‘of cay of the kanwin refuronce raturiels gxorined,
or whether diffcronccs in eompositicn werc @roat cnough tr oxelulde such scurces.

Tho cc*zpf*r tive sicplicity of tlns meth @ has allewel it %o be epplicd ovor 2
rericd of Tour yosrs 2 -

6 sorlcs ~f Facry blue B4 cviatica gasoline

'L " 1 ] "I‘ub’l 05 L n

3 rdscclizxonus sc:".*l‘ of Enery Dlus :1 ¢ils and motor gascolincs

8 synthctic cetrnos fror varisus sources (sn meny ocher: Heyshoo _'“:L us)

2 natural potroloun gas:lines fror o wido vrricty of g urcus. -

8 ar-rmatic matoricls, ‘inelufing ccke sven preducts, ..ydroforx:o
srcmotised, Yhydrofincd' eice

over 100 samplos of hy@rogenction gosolincs from various procosscs MG raw

nrterials.

e rmethod has lat-r bomn oxtendel considerably on thc, anul;;tlcal si"o
by using ultre violcet spcetreseciic tockniques to ilontify ant ustimete the lnclin\.ual
aroratics in scparate fracticns frem the s5%11l, whilc infra Tl spvctrosc pie
techniqlic has bewn usod successfully . te 1dmtify and csmx:rtc individuzl peraffins “nJ.
nphthenes in tho freetions frecd from eromatics by acid trontnente  (see. Rei’s. 5 - 12)

Methods of -nalysis Lave develsped very censidercbly wvor the last twe yoars,
both ns rogerds mueh irmprove? methods of scparation by norc cffiecient fractionating
cclumts cnd specizl nethods for reneval of the intcorfering arons ~tics, ond alsc by
the repid deovelspment in speetroscopic tochnique for ~nalysis of tho frocticns. Theso
1ntest developments howe not yot been ~pplic? fully $o the problens of analysis of
a srmple of encry aviatin gesoline sincc the tine tikon would be cansidcredbly longer
thon with the prosoent owthed, an? the ollitioncd ond more cceurate inf~rnetion
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obteined would only beceme of value if such claborate methods could 2lse ve zppiicd

ﬂ
tc the refercnec moterizls.,  Some centtired re sults ore colliceted in Totle VI

Recomrendsvion .

Sine: the simpler methods now -~yperr to hn 2v¢ dofincd f2irly closc v.r thke

composition of the green .v:.,:tloh Tucl nnd rllered s interpretniicn o bo put Tormerd
es to thc proboble methed cf manut-cturs it mey woF be werth whlle mnalysing 2
tax

typic:illy ropros:ntntive aﬁmlc of zreen gusaline longside producis nmedo Ty
proccsses suggosted for its mmufane “urc. -

II. FRLCTIC 'r.TIOIJ

ALl the swrples czamined have born Gistilled in 74, x 1"” glzes eslurms
Jreketed to be ncerly cdisbatic and opernted with © reflux rotic of 40 to 60/1.
In the carlier distillations tho colurms worc prcked with Migby! bict eyclzts and
were tosted us having 27 theorctic .1 plates, More. riecntly, those columns
have been uscd paeked with 2@‘ x '1" gauze rings,when the test shaws 40-80 whocreticsl
pla tuun

I'z all cascs sonc 6-8 litrcs of rotorind is us.l &5 4 chargs to thr scilor
and ~bout 95% is distilled into chout 20w 50 seprrate 2% fructions o
A . -

pericA ef z.;o..ut 170 howrs oparation.

It has bom pointed 2wt (rofe 4) th-% distillotisn -t thig cfficiuvnes is
crple to sepmrots individus l l*vclr“«c;.rb‘,_.s ¢r groups of hydrocordons, vhis: boiling
points diffcer by tbout 5-8°C. -1 nor: This ..g,,‘r-.ih.- £ives emsidicretloe

the frreti-na,

informetion alene or when ccupled with some noth 2 2f cmilysis of

The: next step in scparation 2L dndds iiu:l nerkors ;i‘ such clzge boiling grougs ns

\cuur ot OO°C. would reouirs stills ot 2% lenst 200 theercticnl pl: t.-, an’ o~
:s1torcbly lbr* Or cpurtiing tine,

LI‘_:g'ggﬁ_B_fQ,inc Point Distill-tion & Distributicn

Typical distill- tim curves obining” in the 30-:0 plets stills orc

rproduced iz Pigurs (1), In 2ll such Aiztillaticns theso ecurves shom eTorriy Zofined

thlatcaux? separniid by reginms whors the tapirnauwre 1s rising stecgly. The

niZ-points of ouch atcep slojus have - fton boon ussd es feut points' (ceo rof. &) fip

wasuring t‘l\-»wuw of matcericl distilling :vor cach 2laic.u.  Sueh fizur.s far the

'ful’l*"c poreentage d*stlllm~ betwcen such tfeut-points! sre r‘,s-..”.bly roproiueitic
:thed =72

il afford a "irCCu means of comparing cifferent senslos, siner this method
coiiparissn only invelves repro ~~ucibllzi.‘cy of fr.cticnation mnd 2cos nd izvolve
eny nccohod of hx'droc:rb'm ana hsﬂs.

Tablo ﬂ.LI liszts tho "truec beiling" Jistributicn fer the 2 uricen szl
of groan avia"ion gasoline cxarinod ie

Cut (1) O-~i~0°-0. 1s 2 nersure of butencs + pontanass.

Cut (2) 40-65°G, " » ~n " 1sshcxnnes + eyclepentano i
Cut (3) 65-75°C, " » n  n . N-hoxane + mothyl cyclopentenc + cbout 3% of bemzaae
Cut (4) 75-84°C. n n " eyclchexmne + the rast of the Senzeope

(Cuts (2)-{4) thus m mensure the Cx hydrocarhens) _ :
Cut (5) 8:-95"C. ig a noasurc of dinothyl ¢y clfvcmancs + brrnehed heptencs, sub mag
indlude sone T the 2,2,& trimethyl pontnnc if ruch ia present,
Cut (6) 95-114°C. is5 = nsesurc \i‘ Q,B,-’: trirﬂc’chyl sentamc + cdher Trimetkyl pontancs
end dinethyl hcx_n s + Gp noohihoncs (suck oo methyl eyelchexsne) + talucno.
r"‘1u Toin ccmpsnents hers crc tolucnc and trincthyl pensinces
Cut (7) 114-120°C. includes sucb Og paraffins es rothyl heptanes «n? N-sctane znd anmy
' trimcthyl hexanzs rnd such € nepnthenes 2s direthyl cycl:bkcxines.
Ccut (8) 150-150 C. cingists mninly of 08 arematics, with sunll -nawmis o7 Cg 2 Cq
naraffins :nl zophtames . ~ '

<
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Cut (9) 150-170°C includes the Cg eromatics such as n-propyl benzene and ethyl
toluones, as woll as somo Cg naphihcnes.

Cut (10) 170-180°C includes hydrindcnes and other Cq und 014 arometics as woll as
sonme hydrogenated frimer {2,2,4,6,5 pentenethyl hoptane?)

Cut (11) > 180°C includcs scamc highor boiling zromctics - - -poesibly n-butyl benzone

e

Comper: son of T.3.P2. Figurecs

The figures for boiling peint distribution show th.t curtain chenges heve
occurred, while in other crucs, groups of sumples - re very similer. The mein-points
2 smrmariscd Tadble XIV. .

'I" o 1940 noterial is chorictoriscd by the largu amount boiling cbovc. 170°C.
All four 5W=pics arc similer in this m.sm,ct. samplc 40/41 has o highor volatility
wnd “'x"y heve hed more edded pentone sines the whole of this differcnce is in the
0~40°C fraction, - : : '

In 18241 the amount of mntericl beiling sbove: 170°C wos r;ducc by .10% - -
proswnbly by cuv 1ng bw the aroratised naphthoa. But bunzmc,, toluac md C8
roratle contonts Forc inercasod considorebly, prosumcbly by inercasing the scverity
of sromctiscticn. Theso factors cceount for the doer-ass in /l’?O.° ~fraction and
the inercasc in 75-84° (vponzonce) 95-114°C (tolucnc) and ZL"O1 ~150°C. (C_ cromatics)e.
Pert of the incremse in 96-114°C fracticn is Que to cbout 2,/o inercasc-in oc“ncg
ndicds It w oulZ be cipceted thot simple cutting back te o larer cnd point would
inercesy the front-mad volatility whurtns “cuually there hos boon a doecreasce of
about L;/a in thc Cg paraffins anl ncphthoncs, i possibly 2,o in the.C. compounds.
This chango 2gnin supports the vior th-t the lover boiling fractions efc produced
in o scparatc process ond thnt the o,rﬁn?tw\.u o rr*Jucos very llttlc C(_3 pa :u_f‘.Lins.

In 1922 no further cha ncco vere opprent npart fron oo ‘SSlle g sllg‘l'c
..ucti'\n in the cetone content.

In 1943 the mr o volatile lower L,rrvl'cy fucls oppearod with lower aronntic
content of 32-33;, ~nl ::‘o.':.:u’c 7% nors G ond C. pareffins snd nap phihencs. The octnnc
content was nlsc higher. Loter during 193, Tho ~ounts of C and O, srcmeties werc
inercascd an? the ~amcwits of hig 1T ‘“111 13 I ncphthenes eomsilr ‘.bl" feleaalts¥-TEI0N ~

. The tw cxtronce tysos of this Tuul arc comparoed in,fisuro {1}, shich eloorly
shows the diffarences in beilisg range distribution.

ITT ANALYSIS
[ XSS Teriepe oy

H
_1"

¢ reth: 2 ef cnalysinzg the suprrate froctions for arcmntics, paraffins and
pnthoncs by deterrdnation of the aniline peint buforn ond aftor 7"”"0’\7(.1 of the

uI"-?m"lthu by sulphonation, has alroaly Hc,m Zcaeribed ?n;l the orrors considored which
crisc from the use of ony tyuc of "ani.th-curve” relnting beiling point mnd the

everegu physicl 1:rcxpf:-rt‘y of 2 serics of ..y""r\ cwrbms (Rufa &)

'-)

N It wcg sh.vn (Pu. %) that littlc ir;z:rcvc::unt in aceuracy is obtaine? by
using methols bese? on specific rofrectiun or rofructivity intcrecpt sn? ofton
thisc methals ore loss scnsi tive and rocuir. comsideradbly rere time then the simple
eniline point nothod.” o ’ ~

It wns nlso ..h\_ w2 in the &bive ropurt (Ref. &) that tho ':‘:.::t}: -survot anilinc
point methol 1s 1iwbls .t quite largo crrors when 2pplicd to fractims rich din
hydreearboens which havoe rnilino points deviating markodly from sueh sioth cwrve
reletiznships. Such compounds s cyelohoxnne, methyl eyelshexono, cb thyl eyclehox~ne
a1l havinz lower onilinc points arc over-cstinctod, and the -assccinic? rreffins
unicr-cstimnted, <,,2, % trimcethyl pentanc may olsce tand to bo over—cstinoted, while
dimethyl eyelopentones will be nnd. r-nstirnteds  Thosc crrors erc obvisus from a
censifcrotion of fli;:urc (2). '

-



tv assuming that rarticular hydrocarbons ore

Sugh Errors can e OTVIrCeOnie T
prosent acecrding o ’"'n_w:w point ~nd then using the correct physicul constants for
coleulntion o5 ceorosition. <This is corteinly on irprovoment in m nny casas, but may
1c2d te othcr crrors, if ths cxact behovicw of the Lydroc-rbone in the distill~tion
¢-nnot be &cfincd inm rolation to boiling point. '

Tre o5t mo3hcd tppeirs 1o be 0 usc spoeiroscopic rethods to 1dc cntiry the
comzoncats proswnt nd thon enleudatl Comny ssitizn fvom necurantcely monsured physica L
cornstrmts., Tais would coriiduly bo the most rolinblo ::cthw if distillation c.uld
1irdt the ouss 1o omly $ws compencnte.  Soviral 2uiiors heve used the method of
superfracsionaticn and identiviol and cstimated the corponcnts by dircet refractive d
{pdcy munsuCTenise It is £ult thot this mothod moy be unrelichlo v:l orG anorilous
vapour prossure roladionships oxist, T Thirs $hC >kysicrl coustants of the purc
comnonents cxe it sudficic :tlj gifferont. -

Tac mothod +f proscointioa of tho results cbiaincd by aniline pcint nnalysis
3¢ s:paraic fraciions (ssc iable XV) 4is t: cxpress those o8 a pereontagc of tho
reterizl chorged 30 tho 51ill, and so by swmwotion to consiruct thrce scparnte T.B.P.
curvces for uaraflins, naphthones ond aronctics (sce figs. (), (&) npd (5) ). Thuso
are then subdiviled int. platenu ant thu Teoults cxpressed as In o bhlo I_;. (appendix IV)

ai7firent ond-point ond possibly with V"rylng arnounts

1% —=i$h 2300 nroraties, it has been fownd proefersble o
i Ce,Cr' and Cn peraffins =nd nephthenes only. Thosc arce
~in zroups wrick are plotted cn o diegrem as in figurcs (7),(8) ote.
n picturos' give 21 o glunco ‘c..v rin cssentials of the Llstrlbutlon
ron arcsmiics {(usutlly o oud 70% of = normal avicticon gasolinc) end

es
be prachef ns © wrich gasclincs are similor, ond which ore

RRCA3 I NILDEE DOTNT MFFHCD A4S ATTETING  MAIN ARGUMENTS & CONCLUSIONS .

s checked ngainst s synthetic blend mede up from
ocd rasults {rci. 8%) ‘

) Creloscnicne, iso-hoxancs, N-hexane nnd miothy 1 cvclopo*"* 0 are all .
protably ostizaizd fzirly truthfully (scc Refe £)
»
Crelczexanc
17 axy persfiins boiling ab 80°C (2,2 end 2,4 dimothyl hexcne) are presant
the ariline point rethod roy toend to over-ustimnte cyclohcxanc. Lotully, nest
gasolinss scntain wery 1ittle of these poraffins (0.2%:). If cnough banzeno is
present cyeichaorzne will distil s on azoct rope with 506 bonzene at ‘77.2°C. The
separation from methyl eyclopentanc is thon nat s good 2B in thc sbscnec of bhenzoenc.
If vory mwueh Scnzene is pooscnt, scme of the parcifing norrally boiling at 90°C.
riy &istil et 78-79°C. :xd will leced to rmrked over- cstinaticn of cyclchexano.
ilthougk the green gesclincs condain 6 6-8% benzenc it is doubttul whethor ' .
the crrors made in eatimsting cycloheranc arc large cnough to vitintu tho crgument
on this poind regarding normel byidre ,_Dc.trols, which is also suprorted by covidence.
irco isc/ncr:‘.’:.l s2tios in the parefiins pnd scveral other points. .
Mrmy fizurcs ar: availeble T independoent estimations of cyclchuxane by
spocireseeo ic meinets (scc rc;i'.é), whiech sh.ow thni ubnurn'l ly thc spilire point method
is not iz orror e suen a groed extent (ven wlth the grecn gasolincse. :



_S:y’nthctj:_c_ . , Nermal - Grocn Goscling

Blend.  Lagunillas Roumenicp Venczuclan Hydro IR 144 ATR 176
'Smecoth curve! anupt. 540 5.9 '5.5 L5 1245 0.67]2.6 543
‘corrceted! n 4.9 5.1 &y 5.8 2.5 0.6 ]%.1 5.0
Infra I‘Od l 4'.5 5.1 ' Gcl 309 ;202 007 3.9 501

Dimethyl cyelopontones and iso-hoptones

The relatively high aniline point of the trens form of 1:3 end 1:2
dinethyl cyclopentones (which distil with the heptanes 2:3 dincthyl pentane,
2 nethyl hexone - 3 methyl hoxene in an inseparcble nixture ot 90-92°C) ‘-causc
thesec. nephthenes to be undercstimntod cnd the iso~heptanes over-cstinnted by uso
cf the snooth curve mothod (scc fiz. 2 and Ref. 4.) . :

The emount of '90°C. flat! in the green gasolines is ebnormally small
and this faet hes boen uscd to supnort the exguncnt that such gasolincs consist of
2 blend of twe froctions with o gap in boiling rangc at about 90°C.

4 spnll amount of the 90° flat parafiins orc brouvght down to 79°C. whon
distilling in the prescnec of cxcess bonzind.

Theso eorrors arc relativaly insignificont and &o net affect tho moin
arguncent regarding deficicney of 90°C. naphthencs. This is supported by spoctroscopic
enalyses (toble ZVI). ‘

Iore 2:5 dimcthyl pentanc hes bzen found by speetroscopy .then would be
expected in corpariscn with the other heptones 2 methyl and 3 nethyl hoxcne. It is
suggested thnt this hos come from the added synthotic octano.

ilethyl cyclohexane, N-heptane snd 2,2, trimethyl pentanc

The very high aniline peint of 2,2,4 trimcthyl pentane and the low L.P.
of methyl cyclohoxanc results in over-cstirmntion of 243,% TJMJPs and under~cstination
of the 100°C.'naphthcnes' (mothyl cyclohczanc and cthyl cyclopentano). It is
Irpossible o estinmete N-heptanc in such rixtures without cunsiderably icpreved
fractionetion. N<heptanc can be estimatod rou.hly by octane number 2etorminetions.
Feirly closc agrccoient with indcpendent. infra rcl cstinmaticons of the ccatcent of
2,2,4 trinothyl pontone arc roeported in table VI (ippendix III). In ncking such
rough estimetions a lox figure wos troken fer N-heptane contont, basod -n O.N.
Tigurcs and the rclatively sonll arount of iso~hoptancs. 4 singlo infra red

dcterminction (tuble XVI) gives n~heptano = 0.4,

The on.pt. method indicntoes that tho anount of nothyl cyclohexano is
smnll ~nd, that there has boon an approeinblo deeroese during 1943 {tcble XI).
Independant figures by infra red (toblc XVI) confirm this. ;

Higher beiling trimethyl pentancs & toluene

The rnclysis of fractions 106-112°C containing the higher boiling
trimethyl pentenes is reéndered difficult 2uc to the prcesencc of -high concuntratiens.
of toluene. Recmovil of tolucne by sulphonntiva introduccs the risk of docomposing
the trimothyl pentencs, clthough 1t has besn faun? thet with repid zeid trcatment
decompesition is negligidle (Rof. 81). In the presence of much toluene it has been
found that such trimetliyl pentancs as £,3,% 4i8til ot rbout 109°C, which is soveral
degreos belew its truc boiling point. ' ' : :

Duc tu tho anomalous behaviow of so mcny non-arcontie hydrocarbons
when dlstilled with aromntics it is cbvicusly proforablo. to razove the cromotics and
fractionttc these scparatoly. 805 oxtraction docs not give sufficiontly completo
sepercticn; phanol oxtractive distillation is not ecsy to apply to tihwe wholo
boiling rerze fron 70°C tz over 180°¢C; azeotrepic distill-tion has worked vory
well for perticuler problems such o3 raioval of tolucne fronm the o¢tanes (Ref. 8l1),
but is morc leborigus when -pplicd gencrally ond cntells soveral Aistillaticns
with difficultics in gotting o corplete balenco; the method of selective adsorption
of cremetics on silien gel offers sarc proniso but may be difficult o apply to
lorge volumes of spirit rich in orcrntics s¢ 78 1 get quentitative scporaticn
tnd rocovery.
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Comparison ol Analvticul Resulis

The figures obtzined for distribution of aromatiés have already becen
discussecd in Appendix IT (tuble II ), and for poreffins ond ncphthenes in
Appendix IV (twole IX),

"ronm‘ss:.v” chonges in composition have been noted (Appendix Iv‘) Thesc
are cleerly dcnonstrated by cormpuring figures (3), (4) and (5), which show the

parate T.B.P. curves for aroncties, nephthencs and paraffins for tho v“lI‘C
s-mples GF.32 (194C), AIR 285 (carly 1943) ané AIR 328 (late 1943).

Comp.-_ scn of thesc curves showi-

a) the large amount of high boiling aromatics (B.P. ca 180-185°C) in
the 19"0 ~solin¢, which xre not presont in later typcs.
b} thce inerca d smowmt of tolucne mmd Oy nromntics in the later sraplos,
c) " " M m oetrnes in tho loter .;L“'*»lc,o.
d) 1" 1] " " hexancs ¥ " 1 .
¢) the marked dcercasc in wnowat of higher beiling n“pb_thc-ncs, which is -
very apporont in oo compariscn of AIR.285 nnd AIR 328.

The prraffin/nephthenc compesition of difrcrent fucls can zlso be
cxpressed by pleotiing .curves of nnilin 16 p int 2-.ainst boeiling peint for the non-
crartic hyfrce: rbu‘as as in Tig. (6). plotting ~nilinc point wgainst B.P.
rather thrn velume %, ac dircet nonsure '\1 the arounts of indivildunl componcents is
possible, but sinec the curves were all sbiaincl iy fractionnticn at the some
cfficicaey they indicate whother lerge nrvunts of cert-in components are pr.sant
by thc elescness with whick the curves appreach the tailine points Tor individual
tylrce-rbens. '

It i5 sccn that nothyl eyclepentonc is scpoarnted fairly pure frem the
Lydra-petrol wshere large quantitioss are preoscat, but thoet o purcr cyclokexanc is
sbinined from the corlior somple of s£rocn gesslinoe, :

The nnin difforonces fram normnl hydro potrol ~re that the nniline peints
rxrc: gencrally higher indicating rmorc paraffins w?d less nephihencs. Agnin, there is
’i fu“OnC“ betwewn tho carly roeun goscling GF.32 zm the later sumplc AIR 328

Tbc. nere parafTinic naturce of gream gasclines is largely fue to the
srismec of fdded zetanes.  The proscnec of high anilint point materizl is shown
mrkedly in the ranges.95-100°C, 105-1i2°C and 170-185°C Tho first pock is duo
i1 2,8,% trimothyl pontanc of cxeeptionzlly high oniline peint. This is not
iszlatod purcy, cven in AIR 328, prosunably Cue to the incbility of the still to
geperate N-hoptane and nethyl eyelohexnnc. '

The trowh in aniline point at 102°C. is luc to mcthyl cyclbho:cnnc. Much

less is sresint in tho grocn gosolines rn? with high aniline peint octancs on on.ch
silt the trough 1s less marked thun in norrel hydro-gasoline. fLgoin, AIR 328
contrins norc cetancs and less rcthyl cyelohoxans then GF.32.

The peak ot 100-112°C. is Auc tc 2,3,<4 trimethyl pontens ond other
trimethyl pentancs. This peek is net s» proncunced sincs thuse prrafiins have
lovwcer &nlll.n\, points, but 1t is proboble thet moterisl in this ringe is largcly
2,3,% trinethyl pntane, whickh in the prescnce of toluenu apparently disvils
bclaw its truc boiling point,

: The third peck cccurs at 170-185°C. ~nd is probadly duc to the prescnec
cf hytrogenatcd triner containe2 in the added octencs. :

Hydrocarbon Picturoes

Figurcs (7) - (14i1lustrate tho velue of the mothid in clearly
:‘.man.,trating Cifferont types of bydroenrben conposition mnd &istributinn of
Cg, Cp ondl Cg non-sromatics. -

i

"
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C TBLE XIV

SUIﬁZ‘!’._LWY Or WAIN DIFFIRZNCES IN DISTILL.TION DISTRIBUTICN

]
i

J. . ' _ 1940 1941,1942) 1943 Comments
; R i caryy lager L
| . j !’ - ‘
_0_5. 0-40°C ! 7 _ i 10 butanes & pentanes,
; . |l incrensed during 1943
26_ 40‘65:(3 ' T 3 4 iso-hexanes .
65-75°C 10 7 105 10 | N-hexone + methyl
ro i cyclopeniane +benzemng
Total 75-8%°C ____9_1 ¢ 125 i(_)_q 2 cyclohexanc + benzeang
0 E Ce 263 ' 25 2% 25 | incroased during 1943
' mzeno : 6 8z 75 6% | increase in 411,42
: ; nov down again
Cg paraffins + naphthenos L 14 17 18} | increascd in 1943
Cp (& octanc | 4
A . 8&-95"_(; 5 3 5 5 iso hcptanes,dimethyl
' o ‘ L : ‘ \ cyclopentancs
95-114°C 265 3¢ 30 32y | trimethyl poentencs,
: ' ' toluene, ctce
Total Cp (+ octanes) ks 37 35 87 T
Toluene 8 12 10 12 |} toluenc incrcascd
toncs o L : ' agein during 1923
Octancs + Gy (9_5—11-*: ) 165 22 20 20‘%, ineludcs mothyl

2

cyelohexenc & N

- heptonce
114-130°C 5 5 . 4 2 | Cg npahthones
‘ . ) . deerenscd during 1943
-130-150°C 11—’% 135 133 155 .
Cg exromctica Fi 9 "85 103 | increasod during 1943
' 130-150°(P ! 1 5T :
130-150°(P+N) - 5 bp 5 2 | naphthenes docreased
I during 1943
Cq . : .
- 150~170°C 5% 8 6. 6 ,
zromaties {150-170°) 5 | = 31? 4 I incrc~scd during 1943
P+N (250-170°) 2 “ 2z 8 decercased M "

- ’Clo & highcr

A70°C - 18 6% 8 5 .
_Ixromntics(':-l’?OZC) 10 4 35 3% | decreased for 1941 - |
P + N(>170°C) .8 2% 45 ‘2% lnaphthenes doercosed

;; during 1943.
i g
j.
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EROFERTINS OF 1R.CTIONS OF WHAY (YL TION GASOLIME (GRESH G.3 TYER)

-

BULIID SariZm 100, 1R, 527,559,550

(6,000 nls. distilled.  Ko.k S£ill.  Rer.b3/9/71)

RO TOT/L E.C.s A4S VOL. %

- . oy o - . N .C J
’(3 égé;:c)’ g%‘f‘ ORIGIN. L FR.CTIONS FRLOTTONS 0N TOTLL
(Bl P,00_H.C.5 (VoL 3T T '
[ L -
IOL./J D 15 20 ; ) D 15 ‘-JPQ . U 1] P
152D | L N o| P 15; °o¢ =% y |
0-30 5.53 1.3510] © 0 | 100 0 0 5.530
30-40 9.90 1.3570 0 0 | 100 0 0 9.900
L0-57.0 | 11,90 1.3892] o© 51.01 49.0 o | 1.020]10.880
- 6111 13,90 1.3750]  O.h 0 {99.6 0.008| 4.020| 12.872
§5-0 15,70 1.37701 2.1 0 |97.9f .659| 71.0 0.0L6] 1.020] 14,63 -
69.1 1 17,70 6.1 8.4185.5 .670| 65.4 0.168| 1.488| 16.34
C 704 ) 19,70 | L 71| 16,9 '
7.6121.75 | ,750 | 29,4 g's-.7 53.7| 36.6] 718 48.1 | 0.561| 3.363] 17.326
7231 23,75 | ,763 | 19.2 |) .
75,01 25.55 { .775 | 11.9 |} 21.5 | 72.5| 6.0 L7 37.9 1.378| 6,118 18.05.
77.2] 27,55 | .808 | 45 )
78.3129.55 | 524 | ¢5 S 45.3 Lo 1,35 .758) 37.3 3.350 | G.094| 18.106
79.0 | 31.55 | 830 | ¢5 55.2 | BR0| sl LTS AL 4510 8.73L | 18,302
79.6 133,55 | .833 | ¢5 ue o
84,0 | 34.95 | .807 | ¢5 §58.8 30,51 10.5] .735] 15,0 .51 9.774 18.662
90.7 | 36,55 | 724 | 55.: 6.3 | 2.k Su.3] L7141 51,8 5,640 |- 10,262 20,048

2
92.9 1'38.95 | .720 | $0.3 |) |
95,0 | 40,18 | .74 | 65,0 {) 1.6 | 20.6]77.8} .715] 53.9 6,692 | 10.927 | 22.561
98.6 | 42.18 | .708 | 69.9 2,9 0 | 97.11 .705] 7249 6.750 | 10.927 2k-e 503
99.0 | 64.18 | .705 | 7.2 '

99.1 { 16.13 | ,702 | 74.6

97,61 681 76.9 6.846 10,927 | 28.1407

L N S
o
=~
o

99.3 | 50.25 | .74%4 | 69.5 il 0 |95.9] 6897 7575 | 7.013 | 10.927 {5250
99.6 | 52,25 | ,719 | 66.4 L3 | o |35.71 .710: 71.0 7,099 | 10,927 | 3k, 22k
102,9 | 54.25 | .741 | 52,2 9.0 30,0 61,0 .731| 61.6 7.279 | 11,527 | 35. L4457

107.8 1 56.25 | .779 | 22,2 |) )

108.5158.25 | .79 | 9.1 1) sty | 170 41.2] 733 63.0 8.935 ) 12,223 | 37.092
108.7 1 60.25 |.801 [ ¢<5 | . '
109.0 { 62,25 | .808 [ ¢5 .|} 56.9 5.8 37.3| 723 67.3 | 11,211} 12,455 | 38.584
- 109,1164.25 |..809 | ¢5 . |) | . : . R R
109.4 | 66.25 |.818 | «5 [) 63.5 5.7132.8] .717( 68.2 | 13.75% | 12.603 | 39.896
10909 68l25 .833 (5 . b
110.0-§ 70.25 | .837.| ¢ 5 ’ : ,

M0.0 1 71,75 | .839 | «5  |) 72.7 | 2.3 |z25.0] .755] 67.6 | i7.749] 12,730 [ 41.271
22,4 [ 73.75 | .820 {.24.0 N DU U
- 125,0 | 74..28 | 50.k ) 2602 | u5.81 28,0f 781 56.5 | 18,412{ 13.889 | 41.979
1353.9 176.28 | .790| 25,0 |" 31.4 | 38.8) 29.8] .755| 59.7 | 19.040| 94.665 | 42.575
135.8 | 78.23 | .500 | ¢ 2.4 | A1,2016.7) 752 BL.5 | 20,482 14,889 | £2.909
136.8 1 80,28 | ,855 | 1,4860 ‘ 2z
157.9 | 82.28 | .85 [ 1.5900]% 8.5 L7} 10.3) L7450 66.8 | 23,8621 15.077 | 43.341
138.2 | 8L.23 | ,862 | 1,4920 ' .
1L3.4 1 85.28 | .86k | 1.4902]) 91.5 5.5 3.0f .770| 60.1 | 27,522 15.297 | 43.461
139 il - N ERAE B
1 145.0 | 87.05 861 | ¢5

155,41 188,20 | .80 | ¢ B . . :
150.3 | 69.09 | .0638| 2 5 &2 | 27.8| 6,0 J706] 58.3 | 29.326 16,078 | 13,686
164, | 85.93 356 | ¢ 5

162.0 | 99:87 | e | S2

1643 1 91,75 | 852 (& : .

156,01 92,74 | 852 ¢ 5 Tho 16.3] 9.6{ .792| 3.2 | 32,031 | 16.673 | 44.036
167.7 1%3.53 | .84 | «

172.5 | 5053 | 58| 2

172,53 19541 | SL5 | ¢ 5 0.8 | 10.7{ 2.5 .765| 71.1 | 33,654 | 16.959 | bk 797
175.% 1 96.30 | .8 <5 ‘

181.6 197.15 | .852| <5 350.3 2.8§ 46,91 771 75,1 | 34549 | 17,009 45.632
184.0 J 90.15 | 0356 ) ,

> 18 Ro$ 100.0 | 842 ) 43.2 | 22,4 3,,7] .803]| 70.2 | 35.763 | 17.530 46.607
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e T 0 e A CLSCLINDS 6 SULTME
THUB B.2°G IMDRCCLRRCN AILTIR IR AT L1811 oIR | ; _
' 217511501 2751517 197 | are | ace i *
' i i i f N ! G0,
i | R i
295 i Cyclepentane i | ! : DA RO i 1.0 500
257 2,2 dinctiyl buteno: | Gl RN pOa35 00
BG.C - % lpg o " s R L (1.2 2k
6{.25 P2, mothyl pontong <l SR BTN B L S 7 15.1 7.5 §£‘w3 1700
63.2 Cohg, ow it < Co7irBl 1L 2.1 Sl 15,0 LG
.75 | -hoznoio |o2.30n2.0 Bl 18,5 1.0 1.0 R
71.05 | othyl crelepentonc | 5.0ll.l] | 156 B.78 2.05 12,5 6.0
ITlD i Oyeli homnes ‘ Ba5i5.L iiB.C . i £a15 0 2.5 11,2
Clal fb—-:-mum 100l Bi0al] 7oBiCa B Sl | 7.0 157 1 Lad fied 1ok
79-0GC.0 12,2 & 2,4 dieoepontd. |- |- R T L0850
(G 13,3 ai AOt.“.:f pont. | l- - 1Cd: - | |- -
see 11,1 cinethyl cy.pont | - = o !— | ' - =
9.7 * 02,5 dinctiyl pontone! ot 1.G2 = 0.5 |C.8
UNY; 12 mothyl hexeno oot GHCLGIC.ES 1140 11,5 1.8 1.8 12.e
50 C '1,5 dicot Jl Sy Citt o RS TR N 8.0 a7
51.¢ L2 nothyl howene | . 5 EEDI IR A B l‘z 2.0 Gel 1.2
Bk [8 othyl pontonc j el e T e - - -
G2 u | F-hopten. . P e Kasl A Dl 0
Si.2 F 12204 triuac.pon. | 1 L5 5.0 120 15,1 2.5 1 op ' cy= e
910,080 11,2 dinothrl ey.pontd R b ! ;BT 24D
IO Cothyl eyelehicreno | Lo iBeaiz. LGHGE | lc.o 5.1
105, Bt eyelopombons b S A 11.5 139
16, % 22 di.mc.howeno | o - - jtr
Wees o lag l Do maxy s by
115.6  * .25 " i oo Nomie i ; SN ¢
118.6 .. i%elucno 11145 BIIK AL V5 6.7 B0 495 (6.5 14t
109.8 % 1225 fringtig) pontdir. - el b - -
{ 115.5  # j25.a 0 w w5 FRGOR IV N : -
[ 11L& * |2,3,:;, " | SRR R G4 5 PES o i~ -
| 109-115 1tri.1o. oy.nont. (1,?,*1 AC-ERNN ' : 1.5 2.0 ]
i ! ‘ : ! : v ; : ' ' }
* o to addod gynthotic cotono.
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Tme Zotrdled nnzlyscs of tho two tncrmnlt hydrogenation gasnlines
{¥oz. 1 & & 2Ff Teble X) con bo oxprossel to show tho type of non-orumatic

by iroezrbors. The Tollozing figures elvarly show thet the bulk af the poraifins
orz singlc trondl of tho 2 mothyl iyps ond dbout twowthirds of the totel '
zorhihonos arc cyclopentencs. Tho proportionnte caupositicn is vory sinmilar
for ize midoly iifferent rav meotoerials, '

0z -crocsote middlo oil ox potrolown gas oil

Doroffins:
h=-buinonoe - : 0.2 ' -0 -
Hepozime 400 , a0
Xhoxonn 1 [ e 2 0
li-hsptems | T 0.8 009
H~petoms 0.2 0-3

Tovel 7e2 7ol

" DENTANS 5,6 7«9

" horone 1,5 _ Se O

= repione 075 0.7
3 methyl punmicso 3.8 e 0

= hoyrne : o 3.1 : 4e8

m hapimo 1,5 . 2.0
£ mothyl hspioro ' Cal 0e5
3 cvinyl porntanc absent absont

B hozozo chsont : ebsont

TOtE‘_l 3"::.3 . -?:6; l
2:3 Zinpthyl rropanc cbsent obsant
z2:z n butcno 0.15 063
2:3 " S : 1.2 2eit
2:2 n poatone 0,05 Osl
2= n " . Oe 2 Os &
333 " A Cbsont . _ absont
2:3 ” bl i 0.3 Oa 5
2:2 b hoxcnio cbsont trace
2:3 n "
” ) Qe 65
2:2 m " 0.7 )
2:3 " ) )
3:3 ™ g ) 0ud ) 0.7
Z:a " " ) )
2irothyl hspiones ce 0e5 ca lal
=3thyl sthyl pentonos absont : cbsent
Total 305 ' ‘Da 15
Tetal parcffins ang - o - B8l%
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L1:1 dimothyl cyclopontanc alty,
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1 nothyl 3 othyl " ) o 4
1w 0 " " ) Loiz
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Report FIL, Pt., I, Aualysis of Aviation L‘L,,g by
R Spectroscopic Hothods,:
Pt. I, range 20° to lOO°C

’ieporu III, P, II. analysis of Av.Ldn on fuels by -
Snectroscopic llethods. -
>t, II. rangc above 95°C.

P

Report IV, Detection & Estimation of sromatics. in

Hydrocarbon .lixtures.

Report V, Analysis: of lixturcs contamlng Ethyl

Author Date issue

R Holroyd 7/12/40
D, Peel

- R.Holroyd.. 12/3/41

D,Pcel
R. Holroyd 11/2/11
D.Pecl

D,H,Peel  31/5/43-

D,Pcel  10/8/42

D.Pcol,  29/12/42
Dcc.‘ 19[421

3.B.Sutherland

June,- 1943

il s Thonpson

" G.B,Sutherland "

C P lCL. s
G B Sutherland,
H,Y T‘wmpsm.

v
R :

Bcnacnc & the Thred Xylenes by U.V.iethed £.L.0.C.

" Individual Fractiona.tion Analysis Reports

I. Reference Sarmples of XKnown Origin. .

() Virgin - straight run

Repart No, o oo .
"G.EZL'O7 | Roumanion aviation gasolinc

G40/ © Rounanian eviation " 2&214.7
Ro41/L " Rowmanicn oviation Y 82L7
G.40/1 © Venezuelon aviation ™ (8080
R.41/10 Venczuelon 't
R.41/11 Venczuclon '3?
R/ 32 Lagunillas gosoline
.R.brl/h.} Lagunillas light nephtha
R, l+2/ 49  Logunilias heavy v L:ont wo
R. L;.L 12 Trinidad high cctone light cut
G.L;.O/l .~ Coalifornian '*vi".tion (8127)
R.41/15 - Midwey lhght blending tock
T.41/1h Kettloman " " :
“G 40/ Shell Avietdon 7% octanc .

- ©  Shell light blending cut S 1\.1614_
R.41/31 - Miri aviation petrol
R.41/35 Borneo aviation

. Product from Swmmatra (Prlerbang)

R. l;-l/ 28 Reitbreck gasoline (Hemburg, Germanyg
R.42/50 Reitbroolk naphtha L "

R,A41/51 . Russion fuel #IR 151

No0s2196 "

(scc ref.lg
(sce refll)
D,Pecl 20/12/@
(sce ref, 1),

D.Fecl . 19/5/1
D,Pecl 19/5/11
D,Pecl 29/8/41
D,Pecl 18/12/41
D,Fec 8/9/12
D.Pecl 27/6/11

( .

D.Peal 30/6/41
D,Peel 30/6/11
(sce ref, 1)

2%/87&1
1/9/6l

(not reported)

A
DyPeel §

D,Peecl 12/11/11



R N

Ref. No. Report o,
~ (b) liscellancous

3&-. P#B/ 71 Catalytically cracked I.:..4, 110 (Intava)
35. R41/40  Fischer Trousch

(¢) iromatised & othor sromntic products

36, . R.41/36 Hydrofornmed BExst Texns nuphilc
37, R.L1/37 u Iraqi naphtha

38,  41/38 " Ironisn lin, 1 navhtha
39.  R.L1/39 " Iranicn Mo. 2 nephtha
40.  R.42/5L " hydrocroosote 13C-200°C. naphthe

L1, R.42/62 ~Forerumings from naphtholene hydrogenation

Luthor. Datz issue
D.Feol IVEYIRS
D,Pecl 13/10/11
D,Pecl 10/10/41
D,Fecl 10/10/41
D,Pccl 10/10/41
D,Fecl 10 %yl,l
D,Feel 6/11/42

L2, R.42/63 High tonp. hydro-aromatised prod,from ocrcosote D.FPeel-

43, R.42/51 Gas spirit fram bit.coal carbenisation D, Pecl
Ly, 1.42/52 Cokc oven spirit from bit.cozl carbenisation D.Pecl

(&)Eydirogenation gasolines & naphthes fron coul & creosote

2
45, R 2/58 305 wolatility 200°C. cnd point
6.  G.40/L 505 " 160°c, " "
4¥7.  GO/L 7G " 140°c, "M
18, 73 " 1300, .M (42/11/10)

49, R.L2/61  Total saturated preduct

- Tron meirclewn gas oil
50 R.42/59 4G4 volatility 200°C, ond point

51,  G.4O/L 705 " 130°¢, " "

52, R.};Z/GO 707:, Ul 120°¢, " " .
53, | 70 " 130°c. " Y (42/1/37)
5lra G, 4o/ &7 M . g ex Intava) :

55. R.41/13 565 " ox hydrog, Albenian o0il)

(¢) Synthetic Cctanes

56,57 R.L42/6L Avuba Mlkylate (alse sec Refs.
58,  R,42/67 Baton Rouge Aliylate (also sce refs.6,7.)
59. - - - - Baton Toge Hydrocodiner (sce rofs.6,7)
0. . - U.K.rhosphoric acid Hydrocodimer (ILG.C.)
61. < UK. Phosphoric acid Hydrocodiner (43/3/69) -
4.  R.42/48 Synthetic Phenol , issued 25/1/42

Eneny Aviation Gasolines (Green) C3 type

D.H.Pecl

(sce Ref,1

(not yet issued)

5/

10/42

8/9/k2
8/9/12

sce Ref.l
sce Refsak,9 & 10)

15/9/42

+

D, Pecl 2L/ 9/ 12
D,Fecl 5/10/42
(sec Ref, 1)
D,H,Peel 16/9/42
(sco refsd, 9 & 10)
(sec. Ref. 1)
D.H.Pee

D, Pecl 5/1.0/42
D,Fecl 11/k2

(sec Ref,

<y

N

(sce Defs. 6 7)

(sce Ref. 7)

-Spectroscopic jwmalyses

Billingher: ¥roctn., Analysis Report

(see refs,5,6,7 etc,
Oxford, Cambrided "BLllinthen,

Sarple No. No. Dote cf Issuo

62. GF.28 G.40/1 (sec Ref, 1)
63,  No. L0/}l G.LO/2 {sce Ref.2)
6la  GF.31 G.L0/2 L
65. GF.22 ©  G.u0/2 oo
66. - AIR 118 e - -
67. AT W G.L1/25 37/ >
68, - AIR 1k  G.h1/29 25/8/4,1 x
69.  AIR 176 G.42/57 . 26/8/12 x
70. AR 189 G.42/56 14/8/12 X
71.  LIR 195
72, LAl 240 .
73.  AIR 285  G.L3/73 27/8/13
T, AIR 287 . .
75,  ATR 289
76.  AIR 291 :
77. IR 305 G.L3/Tk 378/242
78, ¢ AIR 311 Gb3/76 &/10/43
79,  ATR 312
80, AR 317 G5 & ~ |
8l, " " G.AYT9. (reaoval of toluenc,
‘ azeotrovic distillation)
82, AR 318-327 G.43/77 29/10/43

83. 4R 328-330 G.u3/78____ 30/10/u3

R )

"M

Bl R i i

!
"onc

x Separate Reports & 1. tters have been written on Spectroscopic fnalyses of thg‘:se.
naterials,

niil

g
A





