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n aV|at|0n allkglate hasb squlttedt repeated pr(im?e fragtlonatlon
an SJca nstanso t {ac lons detefmined ra ectro-
sco |ca 5| En]ber of the fractions has been used to determine the

p05| he a ate

Introduction.

Ft roduct ot the reaction between |solﬁt a\ne and m|xe
in t resence? su phunc acid, commerm ¥ nown as
pr%nsmts essentla 4-trimeth X
e reactmn uct contams 'S0 etsoRentane ang var mg ounts of
ex nes t\ R anes octanes, angd nonahe H etermingd strg ture
|éq er hoi ‘SOES IBS re also forme an ese are remove rom
th comHterm |r ractionation, the fraction b.p. 1 -180° C
ehrme ate ho toms The relative amounts of t et ree tri-
entanesI bsopentane and the minor constituents (hexanes heRtanes
etc are t0 a large, extent dependent Hpon the react|on conditions and
upon the composition of the o?fm cha lgnng stock. Various analyses
ven in the eratt#]e23are %or] Ined o eprmmpal constituents (iso-
entane an the three trimet penéanes and no ac%urate information
et een given 0 thhe amounts and structure ofthe exanes, etanes
oct es,and nonanes which no mal%/accom a \){J Rmu constituents.f
The presen(s work was erta en to Ide 1 ormatnhn concernin
he nature and amounts th evano s |n rcom onents chanis
which these comp?un sarlsea % fect 070 Peratm a}rl es upon
the comP05|t|0n of alkylates will form the subject-mattef of subsequent
communications

e
n[])entanes

Experimental.

naV|at|on alk late ATD 91) which cnnt ned somewhat Iarg?ramounts
the minor con t|tue fs than a norma alkylate was chosen™for investi
gatlon The sample wa o U ec1 rom an-olefin. fee stogk containjn
utene-1, butene-2, an met propene. Details of the operatin

* P rt a]nd Part || of sser swer or| malllyriad tdthemeetlﬂgS [t)the Trmlda

StltUte 0 e ro CO EI’ van al een ta
% T“ 111 |cat| n. tO rln e dIS an d lit rature r erence) ate
gcently the ana y5|S ates codimers, etc. has bee I'epOI'IEd
5|n| et al., Refiner, 119
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conditions, feed-stock apalysis, and prellmlnar%/ inspection data on the
sample are given in Table I To illustrate the felatively farge proportion

Table I.

Inspection Data—Aviation Alkylate, T.D. 91.
Charge analysis :

ogal unsaturates (% by gas volume) S 33:?1

i SR ¢

o 0-6
Plant operatlng conditions : ]

sogatare%féfmrtm I S

EresH aclld stre th, %H2804 oo 85-849 "

wcgleatlng acid'strength, % H2S04 o

Rea?:torllll II ::::::::::f:::::::::::::::::::f::::::::::'::::::::::'::::::::::'::::::::::':::::::::::::::ggfz

A.8 .T.BI\/I . analysis :

Ect'ane hﬂm’ber clear MM) . . . . . . . 132—18
T.B.P. analysis, vol % !
f{gfgentane .
@ rlgfe”t'h'ylh'é'ﬁ g —m—m i:
g 502 3'"'3"T'r'i'r'ﬁé'fh'j/lb’é'ﬁ't’éh'e'""'"""". """"" e :

of minor constltuents in this sample (T.D. 91{ the refractive inglex curve
g«d) of th? samp e IS comp}red with the refractive index curve of a typical

kylate

X ?rum ?am Ie ?tre of T.D. 91 was subéected to batch fractionation
in 4 Teet of Stedman column, 25 mm In diameter, operated under adiabatic
condltlons* The_fractionation details are given in tabular form in the
J) pendix. The first serlgs of distillations, divided th% char e Into five
cuts, the rogress of the |st|IIat|on be|n followed by both b0| ing point
and refractivé index ¢ zix No special recawtl ns Were taken to"ensure
constant pressure distillation nor are an olling points corrected.
Ctéﬁ points were determined from a consideration of changes in refractive

The first five cugs were then redistilled at a higher reflux ratio an%i gllt
into fwenty- euT;ht fractions which we (e fsubseow] él y re-blended into fift
fractions. ~ Ths process was repeated for a series, of fractionations
resultln in fort bIendetli fractlons At this staecertaln of the fractlons
were ecomln too small to handle in he m columns and, where
necessarg change to 4 feet Stedman ¢o umis £ inch jn, diameter was
made. ~Series |V “operation resulted In thlrty -four blended sam?Ies five
which were almost p rg A-tr B hylpentane. In the fifth an
SIXth series it was not considered adV| e (owing to the long time require
for a distillation at the low throughputs and high reflux ratios required)

J.*IrEslil.lPdeettr%lll.s, %ﬁ]ezgol gﬂ_gi.)used have been given in a previous communication.
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to dlstll the whole of a blend from the previous series. However, the
materla hal dance throu%hout has heen compute as thou%h the series had
been c?rrle to compl tlon Series V resulte {n seventy-five samples,
som which Were #]ected to a sixth serles o fraction tlon

After e\{ery distillation the losses were careu Iy aggo tigned acc rdmg
to the o"m mp nts fthe various cuts. e 0SS rlnrg dist)llatjo
wereu ua a g eorder of1percent or less) and thel F]trl Elon
was on com licated in the first two series. lnthe ater series the boi |nﬁ

ha %ﬁ?nvgveéﬁd(’ LRk A

t DISTILUD
Fig. 1L
COMPARISON OP REFRACTIVE INDEX CURVES FOR TWO ALKYLATES.

samﬁ]les were coAIecte -aS 10- n]I cuts: 0-4 ml was used for refrachvemdex
[ remained In the samE)e bottle and about as lost In t
receiyer, In transference, and e oration, etc seac Ser|es resu te
In a loss of about 10 Per cent of the matena %ar . These loss swere
apport (Pne%szsteg\at call¥ an the datain T I In Fig, 7an
Bl e b e i e B, e
Posmono this alkﬁategnasglhtﬂg ;%th apility asaroutmeg metho |nte
nvestlgatlon (ff the a Xa on reaction since |t would not b edju le to
gg 0 etale an analysis to a series of samples drawn under Ifferent
rating conditions.

Results.

The flnal distillation resulted in a series of seventy-five fractions, five
\fv ICh were pure a 2 4-trimethy ent?ne The physical con flants
analysis, and relevant data concerning these fractions are given in Table |1
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Table I (contd.).
Analytical Data, Alkylate T.D. 9L

MORTON AND RICHARDS :
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Table III.

Composition of Aviation Alkylate T.D. 91,
Hrdrocarbon. Vol % on alkylate.

entane
entane
entane
i
exane
adtane
pentane
nexane

he)ﬁpentane

ntane

[gorsm% |merthylhexane 20

emain 0-86

Uhdl n- Pe fane, |meth Ibua 2. 2d|met Ipentane, '2 3t
Hte rY u}ane ri 13- dlmet e tata 1 %I entane n tan |§teet
en%ane 2-met ep ane Yneth % rﬂaney?eth Fhexane hy
etramethylpentane, n-octane, 2 4tr| exane

whilst T?ble 1 summarlzes the final anal tlcal flgures The Series V and

VI dlstl atjons, max be followed |n the Fiqs 5, and e, which show

the refractive indeX, volume, and uncorr cteﬁ boil mg Ipmnt relationships

of the hnal fractlons W|th the exceptlon of the bulk fractions containing

% 3 . 3-trimethylpent anei

“The ana2/5|s oft e flnal fractlons W s ori nalg/ made on the basis of

the ph\zsm constants (n®, df etc). ver, during the course

%ptportunlty was taken to submlt a number of Serles IV and V

ractlons to Thompson for analysis by |nfra-red spectroscoglc
methods. These resugs were then used 0 amplity and correct wh

necessarK analyses made on the basis ot physical constants.  The deriva-

tion of the andlytical results given in Table 1l s outlined in the following
paragraphs.
ISoPentane.
Fraction 221, a bIend of fractlons 8 BSenes ”t) and 98 tSenes IV?] ([b 0p
C; Was a emperature fractjonation

, sed
usmgaPodbletlnla Rehgnd c0 urt/t entane was not detected.

Hexane Fractions, b.p. 55° C-64° C (Fig. 2).

leven fractions, were obtmged In this b0|I|r] ranﬂe, the refractive
index, volume, and uncorrecte bmhnq 'oomt relationsips 0 are
shown in Fig. 2. In Table IT the materfal boiling between 58° and 59 Cis
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shown as the bulk fraction 222 (1V), whilst in Fig, 2 the phxsmal roeerties
of the constituent fract| ns 99 S ), 102 M 10 SII and 10 E) } are
glven Fractlons nd 102 both’contai aces f|30ﬁenta de are
ssent|1| 3-dimet Jpentane Fraction \()vas a art/(?e spectro-
scopically and containe 88 Per cent 2 : 3- |met [butane a per cent
2-methylpentane. The hi h refractive index of fraction 100 |nd|cates the
presence of traces of 3-methylpentane.

L thw

VOL. jt. ALKYLATE
Fig,2
REFRACTIVE INDEX-BOILING POINT DATA, ISOMERIC HEXANE FRACTIONS.

The f?II in refragtive index of fraction %08 marks the ﬁpe\eegance of
methy entane S ectroscoplc analysis of fraction 109 s 88 [er
cento 2- met %pentane and 12 per cent 2 : 3-dimethyld il
Tctlons 110, 155, 111, 112, and_ 156 contain 3- ethg entane with
small amounts of 2- met entane. Fractions 112 and, 156 are of ar icula
r}tere?]t In that the Cph 3|c lconstz?nts ofthe fractions indicate tg rese ce
exane. troscopic analysis of fraction 156 snowed that the
sample contalned 2-0 per cent of Te-hexane.

Heptane Fractions, 78° C-97° C (Fig. 3).

The olation of 2 ; 4dmeth3/ ertta e from the fr ctlons b0|I| between
82, C;t)resente litt |ffcu ty. As oted above, ane s

V|rtua absent and no tkace o 2 T2 |met entane was oun Jn

spectroscopic anay5|s Likewise, 2:2: 4tr|m yI utane and 3:3-
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methyl geﬁ 3n ere sh wn to be ab ePt Consectrue[ttlythez 4d|metht{5|
i)ent ne ha on ese arated from 3-methylpentane boiling 1/
ower an drmeth entane borlrng 73 'ﬂ Fr. Spectroscopic
ana ysrso fr ctron 122 (J4Ve 100 per cent imethylpentane.

Dimethy Pntane IS present i fraction 137,"and Is the main
constrtuent of f acérons 138 and Thes fractrens were blended to
glve sample 243 and re ractronated SenesVI to yredfracttons 244,245,

a 246. The Series VI d|st|IIat|on ata are ecorded In Fig. 3. Fraction
245 of constant 0.p. 89-0° to 89-0°, and 1" 1-3859 was shown bxs pectro-
scopic ana %S'f to contain 82 per cent 2 ; +3-dimethylpentane and 18 per
cent 2-methylhexane.

TOL. £t AUTUTI
Fig. 3.

Fractions 140, 152, and 161 all show the rPresence of small a ounts of
rgeth Ihexane. ~These fractions welr blend { I 163 enes Vlg
an re ractronated in Senes VI to \y fractrons 7,a
Series VI dlstt atlon data are giver! in Fig. 3 and 'show the mcreasrn
amount of n]F glge ane in the fractrons Fraction 180 was examine
spectroscoplc nd found to contain 98 per cent of 3-methylhexane an
Fossrblﬁ/ Lg)er cent of 2; 3d|metm/IBen ane. The identification of the
atter hydrdcarbon in such ?maj fa ?nts IS not absolute.  Fractionation
In this region was extremely difficult, mm

Octane Fractions, b.p. 98° C-1160C (Figs. 4 and s).

The first fractions in this boiling range w re 2:2: 4-trimethyl e tan
(b.p. 99-2° C) ané some 30 per centgofthegtota alkylate was i naIt{/ﬁ)so ate
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in five fractions) as materlal hich was shown by spectroscopic analysis
50 he 100 per cgnt tr%ethg/%entane Ystlﬁatlton (?gta ?or Y
of these samples ( 127 117 ) are givén'in Fig. 3

Fig. 4

VOL. y AUCYIATE

Fig. 5.
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Fractlonaé? {the material b0|||n Petwee? 108° and 110° Frovd
extremel lcult tpectrosao IC sis of Series | P 210
showed resence of 2 :4-qi et exane 42 er cent, 2 5dmeth
hexan 44 rcent, 2 :2 :3-trimeth entan er cent ar} 4-tr1-
methylpen ane4 er cent. I\loz |met xane ound
Analysis of Series IV Sample 2 ave2 4tr|me yI enfane 13 er
cent 2" 4d|meh Ihexane per cent 5d|met é/lhexa e 52 per cen
2 3tr|met?/ Htan ?r cené trimethylpentane
«fent n the a sence 2 2 |met I exanet e pr em Was
essent|a the separatmn of 2:5-d |metP/ exane from 2 :4-dimethy
hexane boiling 0-8 Ca&a The first fractions 164, 271, and 272 antamed
appremabeamounts 2 .2 - 4-trimethylpentane. Subsequent fractions

VOL. i AITYLATI
Fig. 6.

16? 213, 286, and 176 contained 2 :4- and 2 :5-dimethylhexanes. The
isolation of pure 2 5-dimethylhexane waé rwt pOSéIb|e althour%h Lef(actlon
ation of fra élon 271 mlpht have %fmeve Is°en exane
wa obtam% as th eony etect% econfsutuent of fractions 281
282 athougZ the S|I§ht change of refractive index througf out the
nqg%t]lonaet)ggﬂeof 81 and 285 suggests the presence of traces ot 2 : 5-dI-
2. g 3Tr|methylpentane IS responsible for the rise |n refractlve index
EOV%ards the eﬂ of the rfactlonatlon of sam es % 288, and 283, and
4-trimet entane rst appears_In sa
The fractions b0|I|ng between 110° C and 115° C contained 2:3; 4-tri-
meth I(Pentane and 273; 3tr|methyl enfane as the main constltuents
?co Ic_analysis 0 re Serjes 1V fractions containing the bulk of
tls olling range gave the following figures :
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Blend 213 76 per cent 2 : 3 : 4-trimethylpentane
, 24 Eer cent 2 : 3 : 3-trimethylpentane
Fraction 236 4 per cent 223 4tr|methK tientane
88 per cent2 3 - 3-trimet yRentane
0per cent 2 3 |me
Blend 216 8 er cent 2 3 3tr| thg/ entane
er cent 2 : 3-dimethylhéxan
Refractionation in Senesled not materially improve thls aratlon
The ana(i SIS of Ittte Series V, fract|0n 253 avey f

entane
4 per cént, 2:3:3 trlmeth pentane 148 er cent, 2 met hexane
]h (ercnt Analysis 0 the ?eneszract S resented Ilttle flculw
e |st|I ation g oft ese fractions are on y g|ven graphically n the
|na summarize

Fig. 7.

Octane-isononane fractions—b.p. 114° C-124° C (Fig. e)

Fractlons 261 and 2?] are fractions of falllng refractlve |ndex (see Fig e%
an ont n diminis |n (ﬂuantmes of |2 trnpeth Rentane wit
2 -dimethylhexane. ect osco I analysis 0 ra 0 gave
tnmeth thane per cent, 2 : 3-dimeth hexane 452 per
cent 3 -dimethylnexane 161 Per cent. and JO per’ cent 0 4methY
he Btane Fraction 197, the1 -refractive |ndex of w ich corresponds Yv
100 per cent F -3-dimethylhexane, was shown 4yspectrﬁsco IC analysis
to he a complex mixture contalnm 6 Per cejit 4-met g eptane, 26 per
cent 3meth In Ptane 60 per cent 3 :4-dime hyI exa and 8 er cent
”; hexane 0 Indlications 0 Ht entanj
methg tan methl Hay ntane ethyI exa ozr
tetram ty ent ne Were ound.” Fractions 263,” 264, and 290 t erefore
?nsist of n Inexane eth%;lheptane ang mcreasmg amounts
of 2:2: 5tr|met xane. Senes ctlon Was  Shown g
spectroscopic analysis to consist entirely of 2 :2 : 5-trimethylhexane, s
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thathfrﬁctions 291, 292, and 268 are recorded as 100 per cent 2:2: s-tri-

Trrmethyl hexane was shown o be the %nncrpal constituent
of frfactlo 188 (Series VP and appears in ractlons 26

After the platea % orresgon n %trlmetnylhexane
there1sa s rea r¥srca rties a um thea sence of n-octane
and 2:2: 4t methylhexa e and conflrmlng espectroscoplc data.

Discussion.

Alkylates produced from feed stocks free from isobutylene under
satistactory 0 eraJrn condltlonf]r (hi garafnn -0lefin ratio, short contact
time, high” discard atig strength, etc). normally contain over 90 per cent
of the three trlmeth)flpentanes and is Ipenta e (the major constltuents)
The large amounts of minor componepts In the ‘sample “ynder discyssion
may be ascrrbed to the Presence of Isobutylen (e In the feed stock and to a
Iﬁserextentto the rather lopg contact {imé an g eactlontegl eratyres.
The exact mechanism rthrch these factors affect the composition of the
roduct Is uncertain and discussion of. this subject will be reserved for
ub ?]e uent communicagions In this series.

There are a number ofrnterestrng poings arising from a study of Table I11.
The three trimeth Ige nes accougt for 59 per cent of the alkytete 50
that even under unsatis actor¥ conditions the formation of these ey
carbons constitutes th emagor eaction. The presence ofa 2 :4 %
exane in quantity equal o the amount of |sopentane suggests thatt 13
Tr(] rocarbo sho d e mcIuded among the ™ principal™ constityents,”

resence of 2 ;2 :3- trrmeth entane ’gl 2] per cent IS of consrderable
theoretical Interest, Thltsheg 0 [ ?n should” be the’ main I%ro duct of

Bereactr accordrng to the original classical reaction mechanism proposed
y patle and Grosse.a
9Hs CH2 9H3 9Hs
CHs—9H + CH CH>—CHs —y CH3—9-—9—CH2—CH3
chs chs h

These authors suggested that isomerization of this product might account
Lor the nature of the observed reaction r ucts. \\/Ire rec ntI Cia etta?
PO osed a re c 1QN mechanism w |c would ad to ormation o
a carbonium ion of this same structure, i.e.

9H 3 9H 3
chsa—o— c¢—chzhs
chs *

which accordin tot (e Bostulates ﬁf the carbonlum ion theorY would th
rearrange. Birch unstan 2 have sh own owever tha

methylpentan Iess readil atta ked by H28t0 9% per cent than |%-
3:3. ttrrmeetaw1 i %?rt%%% antl ould not_ therefore. be. 2 precursor 0

With the exce Ho,t of the ﬁmall amounts 0 % 3tr|methi¥lgentane
andz2:2: 5 -trimet tanet e only hydrocarbon formed whic ntﬁlns
the 2 :2-dimethyl stru ture 15 the ‘main component 2 :2 :a-trimet
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Pentane AssBmmg that the bulk of the h}/drocarg s is formed n] the
[rst Instance by a reactlon |nvo ving I1sobutane and the oIefln It fo lows
t ah the subsequent re% own or “rearrange |nvo \1es a ceavag
o the stru 8ture in the Isobutane ragment al ar Allister, e
Caesar and Francis 6 have sugge 5? that this ceavaoe actual 3/ 'takes
g da(jce()ﬂoge gb Ire ctiop with the plefin and that the so-formed fragments
rhwew of the elatlve stability of |sobutang to sulphuric acid this
rﬂec anis nlike ey The results given 1n Table [11 owever sue%ort
Eewew att e overall reaction involves a cIeavage of a carbon-c
o[r)ld at the tertiary car on atom a some stage du mg the reaction, with
F] sequent mlgratl n of the met group eoc rrence of hexanes
eptanes ar] nonanes suggest that “this may |nvo ve both Inter- and
|nTrzF1] molecular rn|tgra 'Oan 5 Althoudh the evid
e presence of traces of Ji-hexane is ur risin ough the evidence
for thISpIS satistactory no'trace o (F any ot erpnormg% g a?flngcoufol be] ound.
thout success; w-heptane

A articular search was made pentane wi
ra- octane were also shown }o be a sent.
Hstr tes the difficulties, of anaI sis of a
Y actlonﬁtlon technique. e recent

he work  re orted herein il

com ex h?gdro arbon mixture

advances | spect]rosco Ic a ialys e deveo ment of the mass

spectrometer 8 will considerably”simplity analyses of this nature.
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Appendix
Fractionation of Alkylate—T.D. 91,

series |,
Fractionation on 4 feet of 25-mm Stedman packing at a reflux ratio of 7J : 1.

Original Fraction. alfrange. +  Volume, % opT.D.
1 — — 163,813 100-00

Ll B H

series |l.
Fractionation on 4 feet of Stedman packing at a reflux ratio of 34 : 1

. . 0 .
Original - Fraction. > range, volume, % op T.D.
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Series llo.
Fractionation on 4 feet of 25-mm Stedman packing at a reflux ratio of 34 : L

QB e e Vi %10

N E@% r

I‘I.°ra”99' voume., % "4y

R B
Eflg%sg; E 13 S
: e i :
St W

R




No—io:
COONONOXOOON OOYXONNLONNCOLO LOONCY OO OIOXO0MM OXOOOMOD  <ILO0O LOCXILOCHLOOY M—COLOCHOHYCOONOY
=IO >x—1 O INIOHXOONKN OISt OO — Ok ——ILOLON— L Oc———<t OO XOCHCIAXO
OO0OCHIONONOXD ONOONOIOOD OXOOO OO0 OO OO OO COCOXO~~—000000

eggﬁ%%%gi [avap apapasapapasapl

= D OXPOXPCPCPST CPOXPCRPSSINT NSNS NN SSEEY SEO? oS SRR
e e s L e T e o e o e L e B e e e o e B e e e B e e e o I o ~+ —
TN

OO0 OO
COCOTHONONOIOY  OYOCIOOIOHYOOD OO OO OO OXOOOXT) OXOOMOYOO | OO O 0000

5 = COONOACIONONCD  CNONONIONCDSESE  ONORFISE - OoSFFE SEEePE=E | aoshronon - otonon <<t (3PS 32 Ss 35 e o s
................................................
e o S e e B e o L L B e e e IR e e e B e e s s T s ey W S S St S P S ettt —h—t—i
Ll O oo . ooo~<ho - oooost<r <hoo Lo LOLOOO<t COLO—ILO<T ~——NoYOo<t
T = Ot B = T S ] i —— — I —INICICOO< LOXOOLO0000
— —t—t—t : ———i ~—t— k1 k1 o
o TR oo o e
IO~ © P —00OXNMY IO OO OLOLOOALO OOt <HOOALO—kO<t
SO . OOk Ok et b —h—hiIN e IIONO<H n/FEM.OPQ.n/vOOOOOJ
~ ~—
— wn© —
LOXON-000X e COOXNITLOXO  <HLO o~ ST—00)  OXxO—LO = o) 0O oD CONOXO—I\
SO0 SFSHOLOLOLOLO. 0000 oc00 LOLOLOLOD SOOI KO (KO ——CO000000 = —O>O I <oxXO
o~
- A
i
2 8 a
—_— =
= —_ el
Sc = ™~
Bt A
(=30} o ~
=1 — n —
Oc °© 3
~



WITH OLEFINS IN THE PRESENCE OF SULPHURIC ACID . 115

series |l (contd.). »
. e )
L Original  Fraction, ra%glel,m’gc. Mfrange.  Volume, % op
o™ = 1 : J a7 3
50‘5&@3 T : AT 1} :
6%57 555gl = i y £ ise i :
5689, = 189 ' 4008-1- 3

——
L

w8 0 el |
11 1

coﬁs{%ﬂ&sblended’ but tabulated together in this table due to similarity of physical
Series IV
Orjginal i ili 0
matdal. Fraction fa%%g,m"gC. riﬁpl%rﬂog)%- onvcriwlar/(g)e. %
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Origin i Boili A Vol %
material.  Fraction range, °C. oG on %Laroge. T8.%:
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ALUMINIUM STEARATE GELS FOR USE AS
FLAME-THROWER FUELS.*

By ¢. M Cawley| J-_H: R- Carlile,! J. G. King,J and
F. E KlngmanI

Summary.

ﬁlc) An ac ount is |ven of t ework atthe Fuel Ree rch Statlon D.S.IR.
er |n e mi/ tlon an tev 0 men rt) fae manufacture
er fugls consis |n 0 Inlum stearate gels in petrol peptise
ces cacr ormlxe
C

il %ﬂtr e tﬂgeo gnre@fgﬁe'gme% S e
Wi Ub cturexmas amgr eRa %; uel FEsejseaer ttl%ﬂ t% %rsta%
/| éitu. 16 otmth ﬂ)ﬁowmg& )%lca emlgarr]l propertles of th ?

ar 3
A S S
te%rr]ea)égdﬁrl?re tem er’aturewéesr]ssltlvnn QE ?UGS W aaéo SI ? 7

CO 0 S'[abll at Hn hotfen%[puerp%.rt;rﬁen %%%rg#ecte W

et
ce oso Ve s a ﬁ/ tisin er c was o artlcu
Brormse era Besira Ie ert|es wever appear edt
onferred ont em on osan |t s ro et atmxture
J)lam ents, c cc tot H\r%qertle reqmre

or ebes so |on to epro producing |mproved Iam

nomalous yiscosit .
Qéarlatlon 0 vrscoglty with temperature (“ temperature" sensi-
Stability of gels on storage at Various temperatures.

(D(D

rower

Introduction.

The Mixtures Cor?mlttee an adwsorx committee of hhe Petroleum
Warfare De artment rom 1940 to 1946, Wyas concerned with the devising,
investiga opment_of incendiar mlxt¥res for use in a wide
variet munrtrons 0 ar ,h Commrtt e was formed in t esummer
Researg unger 0 e C alrm g Iﬁd Ing str aISRge!Qerr]r%t D”?SF"L? Eu
ustri |
in Januar f&&% %rr f\'l? ?E erton ecame charrman and retained tﬁ
po&tlon until th Co mlttee sbang
esearch an

5
development wor f?erent projects was carried out

clr?hgta i ﬁ artment of Sci tlflcRand Inﬁ g{g'{?olnF)iesearch.

Elrector Researc rd ormerlyo ueI esearc
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bg various melmbefrs of the Committee, e%cq of whom had the benefit of the
advice and he é) of the Committee as a w o?. From 194?]to 1945 _at least
qne Froup, and often two or more groups o wogkershatt e Fuel Researc
Station were engalged continuously on work for the Commlttﬁe ?n in
addition a considerable amount of work was carried out directly for the
Petroleum Warfare Department. , .

. Experimental Inves |rgat|o,ns concerned with the devising an% study. of
incendiary mixtures for various purposes were carried outat the Station
and an account of this work is to be given in a alper entitled “ Incendiary
Fuels for Varjous Purposes.” 1 Thé most important work, however, was
the study of the gr,eparatlon and properties of flame-thrower fuels, and in
particuldr the creation and development of alvmmlumstearate etrol gels *

Re tised with xylenols, known as FRAS. flame-thrower fuels. A “brief
pb é?irs%egfz the “development and use of this fuel has already been

A ?ener,al study of aluminium stearate gels in Ilght hydrocarhon oils is
described ,mase[parate pél er3and the present paP r gives a survey of the
work carrleF out In the development of the fuel tromthe laborato yﬁca,le
to large-scale, production for use as a service munition of war. It deals n
particular with the part Rlayed by the Fuel Research Station |n the
Invention of the fuel, and the effects of the nature of the raw materials on
the rPrﬁpertles of the fuel, o .

In the early [nvestigations on incendiary mixtures for various prP_OSES,l
a solution of funber In"petrol or kerosing had been an important constituent
In many of the mixtures eveIOé)ed ,partmularlg for the Eur%oses of con-
trolling the rate of burning and of jmparting to_mixturés the necessary

ehtysw | characteristics. fall of I&Zé%?ﬂhnn Fev%ﬁgwa dl%jgez!l%gg kg%er?

10US detgrloratwn In the ru%b_er su}%p
commenced In January 1942 with t ect of pre[)armg substitutes for
s foried a epgr}gp;wm

ru ber-(getrol solution, and jt a eaF,ed that soaP ge %
substitute.  Some examination Was first made ot sodium stearat bu
sodium stearate alone does not form a satisfactory gel for this purpose In
etrol or kerosine. |Lawrence 4 had shown that sodijum stearate gels, In
ujol were geptlsed by the addition of cresol which lowered the gelation
P.OI fandr g.uced the wscoilt}/ of the 9el, and It was thought tha moo\l-
icatjon of s0 |umstearate%s n petrol In this manner might %lveasmt,a,be
product. It was found, however, that although cres%l did have a LPeptlsm%
action In the gelation of sodium stearate m_getrol,t e gels produiced wer
unsatisfactory’and ra |d|¥ exhibited syneresis and ¢rystal separation.
_Attention was therefofe directed o the use of aluminiym ?]Qa s, and
%lnce It'YV%i understood that steari¢ acid was the only soap acid whig W0l1|d
e available in sufficient guantmes, the work was concentrated_on alu-
minium Stearate, IE was found that alyminium stearate alone (5 ? soap
er 100 ml petrol) ge led at about 55° C,gwmg a viscous material which set
0 a soft gel on"cooling to 30°C. ThiS gradually became rigid at room

* Note.—Varioys workers in collgid science haye assigned different meanings to
o S ST . S e R
gm U%lSpWh&SIﬂMG roe”.tquda 01, h%trm 9%,.oweer,w?
dopted In the earl ﬁa%Q 0 é S Wor anq“n view of the qckF eﬂgnwn of suc
terms no change was made, and the process has been termed ™ ge

ation " throughout.
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te(mPeratuean aet to a solid gel whrch |n II sho 3/neres The
trono Creso Iowered the temperat r ﬁg |ona}n é)r duced a trans-
arent viscous gel whic rem ned mobi ea showed n reatcange In
|scosrﬁy ever] after pr? on stora eat |room tem eratur Moreover |%
resembled solutions o ru err etro pos ssin %gelrté
er

anomalous, Vi cosrt and asqb L || rea% %d
s%trrglces |tt us appeared to be a |ghy%rom sing su strtute or ru
hen, therefore, it was found tha rubber etroI eah hl?/ |mdorove
Ee ormance as a flame-thrower ue as compared unt ckened fue
uch as fu I oil, and as the anomalous vrscosrty of rub her- etro solutio

was a VIth actor In ItS performancg the pe tised aluminium steara et%e]
was IEEIG (?n el(SJUfI] b0 IVE EVEN D¢
u

nthickene petrol ndta rrnrenruu}rsr séaS g{)emiare eret tha
Hoube ee# tive oftheﬁ rower and |r duce am H

ran
reater tar ete?ect %e enabled ?ouror flve times. ri)e amount of Fu
? ge de ogsrted on t e ta[rT%}%t as had been found nossile with the fugls
revrfusy used. Furt ermiore, as. these new uels were made_up w th
etr? as 3 base fuel th eriase of i |% ition was reat hncrease ework
on aumrnrum stearate gels peptised wit cres erefore deveo e
the Fuel ﬁesearc Sta on to f e porntw ere fue Pro duction ast
over. b é e Ministr %u (b The Fue Resear h Statron teryvar S
continue ? serve ste% nica a vrsers on f arge scale p{o uctl n o
the service tuels, of which some 9,000,000 ga onswre manufacture
used In the European theatre of Oﬁeratro This report gives a brref
?%unto the work carried out at t eSéatroln togetheru‘]th some detal
t epropertres of the fuels and certain developm e production of
| ove fuels.
eextensro ‘o full-scale production inyolved the development ofthe
manufacture o aumtrnrum st aratrte to ro uce a soat co stant el |n
roperties, |nw Ich the major par velo work was d
p ga} 0 ertsa g Lgp ﬁaﬁso r F(?edptrﬁe ex?muaatron1 P con¥
ercra ra es of xylenols, use in place of t ecreso emp do the initial
boratory experiments.  Investigations werea ?carne utin connexon
Wrt eIar esca Productron the fue 'tf In WhB:h %he
Refi n|n rketing Co. Ltd. were main

nts In t

g g responsible for the Frnal
extensrpto fuII scBIe anufacture. The San Oé hemdea 3
ma% arge contn utjon to this develppmen an carrie uta reat ea
? (ft er |nve[<; lgational work. In the r% roduciron 8 the soa F
uel, acknowledgement must aIso ema eoft epart BD aye X he nd
Amerrcan QI Co. Ltd., Barnfiel Coour urrell 51

urt ouIton and Haywood, Ltd., J. Cros |eI and Sons Lt and Typke

nKhe eartl stages. ofthe roduction programme the specifications for the

b aterra] andghnrshedf els ereforp ?ategforthel\ehxtures Committee
teFue esearc Station oasocrn ut test work necfessary t0
control s eds Atert ea option of t ue asamurflgron? war'tne
ro uctro su’b h ere nove teMrnrstryo Eg and the

'\elstrn? of materrasa pro ucts byt href Chemical Inspector of that
inistry.
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Development oe Process.

As already stated, su&)lz consrderatrons led to the concentration of the
work on aIumrnrum stearate alth ou h the ther aluminium soaps w g
not negrlected In artrcular alumin um na enate wrthout any adde
g eptiser, was found to ?n/e gels In petrol which {esem led r br etrol In
gearance an ﬁ P ties, However apart from, the ditficulty of the
reity of naPht enic acids, the use of t(e aluminium narfhthenat

available would have entailed certaln disadvantages, namely, that 1}the
manufacture ofaumrnrum érlp hthenate was more difficult than that o the
stearate, especia Iy In_the drying operations, |n vrew of the tough a

rubbery like nature of the formeF compound, () aluminium naph enate
required a hrgher temperature and a Ion er ti efor dispersion than the
stearate. It houIdb mentlone heret at more recent developments in
the. manufacture of t e naﬁ hthenate, by Alchemy Ltd., have produced
an improved grade, of aluminjum nap hthénate In g anuIar or_powder form,
P a progess i which the drffrcultles previous| socrate with the manu-
cture of aluminium naphthenate have been efiminated.

Production of Aluminium Stearate.

Aluminjum stearate, as available commercrallg IS a white powder,
obtained by the reaction between sodium stearate and ajuminium sulphate
In a%ueous s(olutlon The sfodlum stearate 15 prepared from commercial
“stearic acid ” which 1s_of somewhat variable composrtron a_ typical
sample ¢ ntarnrntr; approxrmately 40 é)er cent stearic acld, s per cen olelc
acid, and 52 per cent ;I'Ja Imitic. acid. - The comlo sition of' the stear a]
|nd|cates that 1t normally contained 1-5 mois acld to each atom o
minium ; the recise nature of the compound or compounds Is uncertain,
but some free tta/ acid 15 present.

All the early work was done on agrade of aIumlnlum steFrate repared
3/ Boake, Ro erts and Co. to méet a Ministry o Supﬁ specif | ation
for other u?es of the materral [t was found however, that for th eb
du etlon of flame-thrower fuels %he materla was not entrrelg surtable since
different batches ave gels of widely different viscositiés storag
stability.* _As a result of a considerable amount of work carne out %/
A. Boake, Roberts an(? Co, Ltd. tn colla goraéron wrtn the Fuel Researc
Station), certain modi |cat|ons were introduced Into the process of manu-
facture of the soap |n.order_to ensure a greater uniformity of the product.
Apartfrom ageneral ti htenrn -up In the'control ofthe fac orsoove ning the
ua lity ofthe soap, the odificatio ?lntroduce were gg he control of
P to avalue not exceed |n 7andpre erablynot excee |n?5 t thetermina-
|on of the reaction, and (s ?]the addition of a é)rotect Ve, coII id, such as
gue durhngt e reaction. . The modified method fp od ono aluminiym
tearate nas been covered by a patents As aresuto this work, Boa
Roberts wer% able to produce, s?aps of reasonably unrform and high Ige Irng
Eower |t then became possible to draw up a specification to cont
LH) hy of aluminjum stearate or the pro uctron of flame-thrower fuels,

Ic with certain minor modifications was afterwards adopted by the

* By storage stability is meant the capacity of a gel to retain its viscosity on storage.
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S e T L

Specification CS. 2086B. to Govern Supply and Inspection of
P Aluminium Stearate uPnWy P

esc n. . The Aluminium_ Stearate P.W.4 must co sist. of aluminjum
arateo ﬂ el-To ower, free from or nmatteran VIS] I mpurities.

e{natterla ﬁre ere%\ggsﬁpp[sed In granu{ar m complying wi e requlre-
w%h tﬁeatml'lowmg reqslﬁrp nteesntaken from any portion of the supply must comply

Not more than 2 cent of the material must b
ret(am,ecf%n;far;rl?h% mesh sieve and no%mor %anzoper centmust% retameg

(Q mo.s%e Content Ttle m(hsturde content of the material must not be

per cent nor less t 5”2
(III Inorganic Acidity or Alkalinity. e materlal must not be

fa} ft%ﬁﬁﬂ??%%%??&w purple.

g Acidity .to_Phenol d’utémlem The a it of the mate ial to phenol-

léin must Not exceed 5 per cent calcua ﬁ

insolyble Ash. hfe M te ||a must not y|e esst an 91 per cent nor
T4 fhsn Yo per tenp of in

e mater|al must not yield more than 1-0 per cent of
Wa( i) sl A y P

VII Gel-forming Power.
n prepa the. method, described b low,
é \{v : P 8 1 an 6(5nsecends nor more han 120 Seconds

i ft
ﬁat\{l er|l g%#ga er |s ure on ent (1f05t007 er cent must give
; g

op VJSCgSItly not gss than 12 seconds nor more
secon mined 2f + 5 fours atter preparation

g gﬁevgeteeteeee%etette I gﬂtt

ﬁterlal havmé] a moisture content of 0-7 to 1-3 PNer centg; |
dete

erlal whi h |sh ro,sco”l]clurlg sgar fg? i re(c)elgl hsar m0|§t|ﬁ g In
T el G e g el
sIeeve or |rrers af tan rmome er ﬂte errer IS m 8e? % %yng
sﬁmesr%g trl% t an Ie mgc othe?me Isftlgrrre]re |sad[rﬁlnnag/ 04 é
aat ? % he glrectlon pro ucmg an upward swirl arp Gt(% 1 100

Fgmee test |55arr|§d é)ut ollows : Measure 29% rItott]é)ure benzol(e into the

IXIn minium steara stirrer an
I'lUO S thI'OU out tne W e operafio an ext rnal eectrlc
J’ IS t e e atur em| turet nt (:‘COU m|n '[
0 was |n WI en oe Ives a a
0 e f 10 a OI’ a OSﬁ of one er ce tne te pergtuLe 0

the co rs ter mues eal the
e Jar and sea an aowto 21 11 hour
re determining the viscosit
|s ex sse aste |me f I| in sec
|se aren
se nt

e de ermmatl

ixture from
if @tmfaeetetttegt
1ah pc 0S! gp
of a .-in stee

VISCO
VISCOSIty Il'l p0|ses %%e Earsnpin f

e ra arin
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_ Most of hhe clauses of the ecr(rcatron re%urre no explanation; H

? u a]s wasameasu %eaumrn*umc ntent of the soag and t

e ash a measure of the efficiency of washing and of the amount of
undeslrabe urity (mainly so |um sup ate) retained.

Originally eso Ewass Pre as a finely round powder in order to
en?ure ra| and easy dis erson of te%a] esolvent ome drffr
cu trels Were experien e(“ %mr |Hgo tesoa F It was found t%t
equa y \?ood results could be o tarne with thegD nular materrals ecr le

alue of mori ure content determined ny measurrn% th e oss In
werght of a 1-g sample on heating to 105" 2°C| an air ove 0r3 ours,
Was one ofthel ortantfactors fectlngt e gel formrnﬂ powero th esoa
since moisture acts as %poweru peﬁtlsrng oent e enera gffecé
the water content of the soap. on the viscosity of the oduce
lustrated by the curves in Fig. 1, showing the vrscosry o gels made

Fig. 1.

RELATION BETWEEN GEL-FORMING ROWER AND MOISTURE CONTENT OF
ALUMINIUM STEARATE.

accordrng to the el- formrn% (Power test with four soaps, samples of each

of which repared witn vary |n% moisture’ contents, It was
obvrously un esrrable to ﬁe s?aps ofunduly | morstHre content since the
el-forming power woul e moisture content

ow, thoy din
was not a o e 2 per (lzent there was Irtgle eﬁ‘)fect on (I’he stanility of the gels
Broduce It was almost eqtua ly, th oug less obvrous¥ undesrrﬂ
rggsgggp of moisture content mdch below 1 per cent, for the 1o owrng

1) Ultra-dry soaps are extr meYhygroscoprc anét gart from hand-
I|n drffrcultre asoa of hig g |%%ower as determined by the
aboratrmtes% ?h easil ab orh Sufficient_ moisture under large
5“‘%”‘% Gl G O 1 TeQuTEd Rcosty i §?“ dap ofh
ge(lr Bverwrthgafrxed conc %ntratron ofso%t Woua] Xv \feaddrﬂ

|t|o fa xylenols to compensate for the absence of the pe trsrn
action orth

e'moisture in the soap. It s true that the same result cou
be achieved by using a lower concentratron of soap and peptiser, but
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PIS was known t? be undesirable, %lnce for (I;els of an¥] tgrlven viscosit
the storage stahility increases with increasing concentration of soaz

For these and otheﬁ reasons It Was therefore cona?ere hat| the aV
minium stearate for t roducélon % lame-thrower uess ou |dea ¥
contain dtoper cer}t mols re and In thi coRjdhtmn %lveage w% nae
the c(gt itions of the ge rmtn tst S ave a.viscosit 0't0 100
secon In or er to 5|er hg edite pro ucthon S eC| Ication C.S.
b ori mal germttt accept nce 0 soaﬁ m0|sture con-
tents ranging ‘fr ? Per cent and cl % orming values of
60 to 120 econci ThIS atter ra ge Was_hase he. o servations that
ggtvm% 1ge value of Osecon at 10 ercent moisture contentwoul
Values o pﬁrommate \}/ 60 and 120 econds at moistyre contents of
3and 78?r cent respectl e¥ Since, h owever the specirication allowed
acceptance soap giving gels o 605econdswsc05| at 0-/ ercent moisture
r]d also of soa |V|n els of 120 seconds at 1-3 per cen rEms ure, the
tolerance germ tte onsiderable and was on g ustified E Para
ount necessity of malntalnln roduction at th ﬂestg
This conside rat on led later to a further extension of this tolerance |nt at
where anu facturers %duce soavvs with a m Isture content bﬁtwee[t,
?San er cent, such samples were acceB providing that the ge
orming value was bétween 120'and 150 seconds.

Investigations Relating to Gel-forming Test.

AIthougah the act%JaI flame- Ehrower fuﬁls were madeu in Pe}trol ith a
commercial grade of mixed x % tsast ? I%ISIBQ ag ther of these
n}atertalswscon5|dered S%J e for the s é t ort ea??ss en
ot %rmlng gowe the stearate, as tt woul haveFe |cut\
not impossinl ecify standard qrades of these materials for use by a
Ehe m nufacturers As FS meng of the stear tewstherefor car |ed out
g/measurln g the rop ” Viscosi n){ r? J)re are enzene
in |e 1nger 100 ml benze 3 faummlum stearate

en? b

5-0 percent

er entow{7 test gave reproducible results an
VI e% EI ie met controﬁtng th qualtyoft(tte Stearate prole
by th (fevan us maﬂu actu[ers

ortunately the resu ﬁs of the test could not be correlated acc rater
ItF those obta Ped mﬁ ge-scale manufacture of gels for flame-thr ? ?
Uels usm% etro ? mtxe %/eno It ws t ere e 0 tht
assmtance 0t efueI manu actureths IB he Rro ucttono a ue 8 as ec
scosnY ItwasT ct;geste that the penzehe-phenol test should be replac
a petrol f

w T E( FeBo st usmgfosPemaI sa ?IesofPetrol and x¥<lenols stoc

own or use by all concerned aminaio
ractica tathls modlflcatlon carrle out jointly Wlt?t ftne “ She]

ef| tn and Mar eilnﬁ Co. Ltd. ed here.
5|t as essentia at he petro o ge stable in storage the sgeclal
B{tng point spirit tgo % Hje 50.as to remoye the fraction
elow’ss°® Cwas used: the propert| $ 0t this spirit are given below —m

éroﬁtatlc,\cont%nt %byvol) o 12-533
romin L
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Distillation :
it fo' g % By 31
FBP., ° C s 1@2

The other materials used were :—
1 Benzene “ nure benzole,” pECIfI cation No. 1, 1938);
2) Pure cP eno {as n Sp¢ mflcatlon S, 2 % B.):
Mlxe xernos samp eA293s upplied by P.R. Chemicals Ltd2
es of aluminium s‘ %rnaé Cs Hed by A. Boake, Rober

an Co Lt% Messrs Burref

The benzene was used as supkg)lled Wltho%t further dr)r]mr%} the effect
of the maisture content of the benzene on the henzene-pheriol test for a
particular soap was as follows —

Benzene. ) o?légn?gne phsér?é “ts%g ¢
pplied :
@ar{ura(f Wlt?] water 004% - 1%5

The results obtained in the two laboratgries for benzene-phenol and
petrol-xylenol gels prepared from a series of soaps are shown in Table I.

Table I.
Comparative Gelation Data in Benzene and Special Petrol.
Benzen%%}enol gel Petfol-&gy{e&els gel
sesere W R YN
Lab. A. Lab. B. Lab. A Lab. B.
I T
B.R. 556 . 86 _ 199 203
88 — 222 210
B.R. 570 . 8451 — 5%5 , 224
B.R. 594 . 101 207

102 —
B.A. 141 . % Ti 220 218
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The henzene-phenol gels were made up in the proportions (5(3) used in the

stadb dZ testbutte etroﬁéyienotipgqs were prepared f 8er cent

tvo aluminium stea ate and’ 1-5 per cent xylenals, In order t0 give a

er range of VIScosItigs.

e resutts show that—

(t ) the error |n du Ilcat\on of results was greater in the petrol-gel

test t nmé ? %ﬁe \;]

F]bg e order 0 t[e strength of the soaps ver] gthe
benzene-gel test WanI ere tfro t atglven by the petrol-gel test

Table Il
Viscosity Datafor Aluminium Stearate Qels in Benzene and Various Petrols.
Solvent : Petrol. Benzene.
orae: Sy S0 %gge i S
DECTOl. jeaed, leaded. "leaved eaéied S8

Peptiser : Xylenols.  Sample A. 293. oh* “xA toxjcen

Formula : 5-0/1-5 5-0/30.

BaII-Drop " viscosity at 25° C, seconds.

# W & B &
N T T
& B %
o8 8 @
7 S

Order of relative guling power of soajos.

j
o

B 1 . 1 1

Stearate no.
B.R.IZ .

B.R. 556 .

oxXJ1l o1 oxJl

{

199 1

222 1
B.R.570 . % % Z
B.R. 594 . 227 H]]

BA. 141 . 220 ﬂ

QXD Bo o— Soo
N N N
o e O O
No ool OO OO

>y oX
A=
[ —
o
S

It would apE)r &r from these results Bhat in spite of poorer dupllcatl(fn of

resvlts the el test was p reJera le as vm m re uidance for argg
sca anu acture HowevTr in |cat|o ? K} [h worrk su fgﬁ*est
lin Iilrten soa t oget grg erent

th atﬁ eordedr of relative ge [1
trols |Hon {0 t e oss g hatit m ug pen H e sampl
xy enols used. Tests were theréfore carried” out using the same ve

E
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e fso two sa of xylenols (A 293 and 740, the latter bem
@e% Fe)Mnant(A;e LyIColf@g 3valou3ﬂ]etra

e anonlec$ etr FTd nt sam esof e |eaded Poci
etr as supplied for Ero uctlon of_flame-t rower yel in 1944-45 as we

es e0|l etrol alread used Thf results are given In abIeII

fr ults sh Wthﬂt tQ re atlve Img rRower ended arg on thq
petrol used; the three leaded petrols gave Similar but by no means identica
resu ts, while the two non-ledded petrols gave results dlfferent both from

Table I,

Comparison of Peptising Powers of Cresols, Xylenols, etc.

Ben(.75751f gel Pgho_lsgel

“Ball drop " viscosity at 25° C
adf 21 hours, ge

Peneg(IJ- o 3 éé

reso . . . . . . 88

RS T R

IR Mo B esa i S 147 220
A. gg; erd >%Irno(is W|th m- 5 xylenols 5 188
Al 293f80 éylem

(ﬁ sl S T 173
o |t o1 55909“9%0' | 15

Y Xylenols delivered end of 1944 155 EB

A Yt g o ot man

High-boiling tar acids . . . . <1

Peptising agent.

e leaded petrols and from each other. 1t is clear, therefore, that any |ven
the leaded petrols and hother. It is clear, therefore, that
sample oﬁ etrol, arbltra‘lly ado tedI as tand J% etr | for theg I||
tersz}ctY\é(e)u not necessarily give esu tsw |c cou e corre ated W|thp
P The benzene-phenol % qnave re?]ults quite different from the petrol-
IenoIs els.  On the and, the benzene- x%lenols tests ysing A. 293
sample, gave resultf] practlcal dy |dent|((:jal with those for Ieaded ?trolf
T |sm|% t suggest that it would be an advantage to use a benzene-xylenols
test Instead of the begzene ghcfno tesﬁ but,when a dlf{erent grade of
xernoIs 74C was used the order of % formm% power of the soarst was
ractical ¥t e same as that %wen he benzene- VB enol test. ~Different
atches o >1¥Ier]ols 8U|ﬁ % fore shiow at least as Wide a variation as that -
etween xylenols and pheno
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In view.of these results it was decided not to change either the solvent or
the peptising agent in the gei-form ing test.

Peptising Agents.

As already stated, t{te peptising a (ent) seéj in the orqrnal ,aborator
experiments’ was creso rces¥ |c ac ut develo ment arge sca
regulte Inac antg e [n the |eth |5|Hg agmr]t to com ercra ra eso mi ﬁ

enols, the choice bein reasons of
gcount of the] ep trsrn agctron o% varrous Xoméoun s of this, ty) Z hasAheen

grven In anot rpa}pe ;3 th ewor recorded ere was carrr uta art
f the control of the large-scale manufacture,  Some results or
cresol, and varrous batches of xylenols and high-boiling tar acids are grven

In Tabe
Ptrsrng ower of different graces of cresylic acrrlt and x g/lenols
| ere eatly"acco E

r Ing to the compositi n ofthe articular grad used
the most’l ﬁrtant actor |n determr mot IES ptis ﬁ power gﬁeare to
be the exte t to whrch hrg orhn ae sa goay ¥]dr|c B ols were
present, since these have a very h trsrnq power. as shown by the resylts
uoted for high-boiling acids |n L Ohrs was_ of onsrderéamee

ortance |n ractrce since dur% g l ﬂnu acture é)
th ower fue the peptisin owero } e xyleno graduia X crease due toa
ed ctron in the ¢o ent |o boi mgt]ar cids, resulting from a relaxation
the % der Issue o(a ar ?m] orrgdrnall required that tar
Were 1 OJdtoeor?t’n‘)u%te o 2 ta*t tt%'s'“t S PP
(enoTs but as the vafues obtained differed accordrh)?p ﬂgeprage oF
etroI used, it was gecrde? that this would be of little se vrced»the manu-
cturer whose needs could be better met by continuous consultatron and
oeratron etween the fuel manu acturers the ro ucerso the xylenols,
eFHeI Resea fe f station. Du |n ]h g trsr 0 POWer was
ahntﬁrne at a arrY constﬁnt Ieve the ad |t| n o sma proportions
of high-boiling tar acids to those batchgs of xernosdefrcrent |n peptrsrng
POWer.

Effect of Variations in Concentration of Gelling Agents on Gel Viscosity.

Thrs can he illustrated bx some results of earl vYork with ( %)asam
3oap ith @ moisture content. of 1 zPer cent Irng vao Zsecon
)r e same soap after drying to morsture cont nt of o-6 per cen
Teefect frncreasrng the rop tlotno x&/eno with a soap concen-
hont ? er cent of Increds g e 50ap con entrat
with a Tixe nols rat |o ar shown resP trvelsy Figs. 2 an
Wrthrn the ran studred the viscosity of the gel increased with incr aser
s0a concentr aton and_for a qrven %oap concentraton, decreased wit
Increasing prooortron of xylenols. ~ The effect of such variations on ge
stability Ts dealt with more Tully later.

Effect of the Composition of the Petrol.

The fact that the viscosity of a rpetroI gel could var sderablg accorq-
ing to the composition of the petrol was Ilustrated b§ data recorded In
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Xylenols, Percent

Fig. 2.
EFFECT OF CONCENTRATION OF XYLENOLS ON GEL VISCOSITY.

Fig. 3.
EFFECT OF CONCENTRATION OF ALUMTNTTTM STEARATE ON GEL VISCOSITY.
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Tahle IhathCh Iso showe that the relehtlve order Pt §elhn9 power of

varro £s 0 soap was epen ent on the nature ?

In.the ear sta eso th ewo o t ese gels |twas 8| at [ead tetra-
ethtyl In. the |t|es nor |n e ‘ol cause e ctlon in the
Initial wseomg gse ﬁ this ef ectw s onl af there
was Poe ect on the bi t % e ggs It was deeme vrsabe to usg

B eaded petrol. Ast es al elctlon was expande however, an
It became necessar tise leaded petrol for reaspns g trou ITS at
?nce arose owl Og e low viscosi Y and reguce stabi the resr.i gnt

It was f und that these results were due, not toe tetraﬁu traters

fo the presence_of reactive unsaturated hydrocarbons. This is |
by the %ata In Table IV whlch shows the e)t?

Table IV.
Effect of Refining the Petrol on the Storage Stability of Aluminium Stearate Oels.

“Ball-drop ” viscosity at 25° C sec after :

ect of refining the petrol on the

Tre%meertrtoqiven
petrot 1day. 1week. 3weeks. s weeks. 12 weeks. 16weeks.

1 11 9
Wiy % 2 8 B2~
Wﬁs@g% with 75% g 3 3 27 %3 23

t

stablhtg/ of the %els 8roduce(1 It mu? Pe notrfed that these eIs wh||e
repared, accord 8 normal service Fp%m cation, Were Asca
reparations store [ass Aars exposed to g Under these conditions
h rate of deterloratlo of all the samples was much greater than that of
arln les stored in steel dru
e seen t tt e reftn | with strong cid which (Yvowd remove
a%t ufni]atur arbos ccnrsrderb ncreased the storage
sta |t|y t tee ect as still more ¢ a[ Bown l){tesés ona
etro ecelve el manu cturelr who com aE n ver}
ebunsatlsfgftor uesaﬂ was linaP easant t wor with on acco ?
Its ectlona e odour ggtro S receive Lexamgnatdon wa?
¥ello In colour and had the odour associated with unrefined petrol con-
aining unsaturated compounds and mercaptans. -~ Analysis gave the results

shown'in Table V.
Table V.

Analysis of Petrol

(Sample received April 28, 1945.)

SP.Or At 15° C s 0-746

Boiling Range :
E%’u 1o #0 1007 Y By .
al distillate, %o by vol . 9y

Composition :

Qromatlc hgdrocarbons % by wt. . : % %
nsa o
aturate 9

n
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Gellrn([; tests were made wth tp rfr”rol ) recerved dafter varj ous
refrnrng reatments usrnga515 ormula. ' The results o t e tests, Inclu
g I%% Velt;]felcnt Bﬁorvqe in the dark at room temperature and also at 104° F

Table VI.
Effect of Refining of Petrol on Viscosity and Storage Stability of Gels.

(Sample of petrol received April 28, 1945.)

B Y

Wer ht S’gorage

Refining treatment. bt¥

ctron 3

percen daly Week. Weeks. weeks.,
L None. - Ry B OB OB 9
2 Wtr v S I
3. Steam distillation. — R'lTO'lP' Hg 112215 " 2%
g R @~ Rip g g
5. Afiolrr and steam distilla- — RM) ig; }ii 1§g %
RS - R | o

{

0,
I Waansg stﬂelth Jr%(ﬂlalt-’g%m 40 RlTOLP i%

B

g. Wash Wlth 80% H2504 61 R.T.P.
8 [ﬁunue and steam 10
istillation.

W LIRS 0 REp

Unleaded Ipool petrol for — RlTOAP

¢
T
?

oW
* Room temp Ze“:re not exposed to

li
E\tora e at commence after Iqweeks storage at room temperature.
)%rs of refined petro

romatic h drocarbons . . . . 1T7%
0,
@a]tsirrated[ i : S 5185{//%

The results show that the removal of the most re ctrve Fns t rat
hydrocarbons b refrnrn wrth su 0phurrc acld, resulte ? %
vs osrtres an? reat?/ increased st rage stapility.  Th eresu ts of washing
t) E/droch d to, remove th smalba ount of bases used as In-
hibitors was also of some interest as the stability at 104° F was reduced to
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a value much lower han that of the untreated petrol: the effect of basic

substances on sta ty ohviously merrts furthler study.

%r prega]e In aserreso pure Brggnrc solvents are %rven
% res h ts for c?/clohexe e Ma riefl mentrcined r
showed tha& dro arbon In the pure state gave results simi ar

to t ose obtaine wrth g drocar HS but that the presence 0
Peroxr es and polymers om cyclo exene resulted In a marke
i B b e
th eete%t oafr eroxrr!)e/s ang%? merspfeorme on stora P y.
eeffetofth comp tion of sutable non-le etrols on itial

he
\C/(I)SF%%SC;EY'[IOH sheo%\?n |n % s\l)Yvn y the resuqts f?)r t\r}t)r petrols otdﬁrfgerent

Table VI
Effect of Composition of Petrol on Oel Viscosity.

Petrol A. Petrol B.

rgeyoy]sa;ggfd%t:; centby vieight ~** 38:552 }@347123

|
B S I I

“Ball-drop ” vrscosrtyofgels at 25°C,seconds . 140 240 220 365

The more saturated etrol B gave gels of higher viscosity than the less
saturated petro| A, FtPrtherdatga on gne e?fect% fthe petrol%n gel sta%rlrty
are given later in Table XIV.

The laboratory-scale method of re rin fueI was the same as descrihed
in the %? ormrh ower fest. excep tp ﬂaatgto aﬁow for theIh] ﬁer e(iatron
femper éure in geto thﬁ final tem erature ‘owgrchte ewas hedted was
Increase C. e apparatus employed and the procedure are
de%rh]dful elsewhere

the ex sron 0 the work to a manufacturrng scale certarn problems,

Hch asthe Ifectofme Iso the el, had to be iny str ated. t as shown

twhr |ne stee stee ear ve noe ect o thg
ﬂ 5 ZInc a r had a sli E deIete‘p 10US € ect 3 er anfp
to eexcu e rom any tmanu ac%grrrn or andlin he el since

ml), the scale ?Z Increased t
finally to a mobile mixirtg unit

Iy e aogrggrrggraeas 1)

aos of vrscosr
sgal on 100- gaI on on batches an
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for the man factur of 750-gallon batct]es over 2 OO V\}] Lons bew

ro uced at t eFue earhStatlon Int gourseg or tt
gre(gro uct|on ona u scaewas take Reftw

t 0. who encountere 0 ercame many di tles

volved |n the eveIo ment to the full | |n ustrial sca c work was
so carried the San 0z Chemlcal o Ltd anE ater g/the And

American Penera the full-scale wor gave sults similar

to those o tamed |n the aboratora/ -scale mvestlgatl ns thougnh It was

determine for each batch of raw

necessarg/ for each manufacturer t
terials his own “correlation factor ” connectmg he VISCOfS EY as ?btamﬁd
In laboratory-scale experiments with_that obtainéd on the full scale. The
correlatlon actor de% nded on sueh factors as the difference In the method
and rate of stirring, but was not far remqved from unity. In general, the
fuels produced showed uniformity in quality which was noteworthy in view
of the nature of the product.

Mobile Mixing Plant. '

Thlsglant was de3|gfned to permit of batches of fuel (750 gallons) bemg
made near the scene 0t 0 erat ons, the main mjxing device b mg mounte
on a standard 3-ton Ar g/ rrg/ asteam boiler Wwas carried of a second
lorry together with suppliés of raw materials, spares, etc. Fig. 4 shows the
Hntt ready for operatlon ehce t that for convenience in photographing, the
oiler 1s placed closer to the mixer than In normal worki n(t;

The unit consisted essentially of a 750- gallon mixing tank fitted with
mternal cqIls for steam heatmeg addles rrer, a gear pump driven by a
petro engine to ether with the steam boiler.

The mixing tank, internal diameter & feet and ca gut 850 gallons, was

madﬁof§ -In¢ |Id steel CR]Ia}jte and testedto a ressur t T erewee
two eating col ?0 L-in &178 e(et on |n the orm?
and he other, 72 feet

lameter \B We on
cg mdrlcal spiral round the vertical walls of the tan
lon a ats |r% In the base of th tan the mswereteste ta ressure
g The stirrer COﬂSIStF of th reeR dles 3- O|nc T w eet
dlamet r mounted on avertlca shaft, with the blades S P tly tW|ste
Erope eF haffles were f|thd between the movm blades t0| crease
t lenc st|rr|n% The shaft was driven at 5 g ttetoR
f etan ere two e-inch outlets, aflangied ma]nhole govr rgthroughwhlc
the stearate was changed), a vent cock, relief valve an P nin
St ne “ofedofé’t R S% ?”SU?‘”an (o ane Shcparting
%Itte W|th ten 1 mchyoutfetss that the fuel | cou be dlscharﬂed smﬁ
taneous r¥ into ten contam?rs The stirrer and pump were % ven ¥
Eetro engine (eWI” s Qverland, as used in the * ’ee runa? he
team for heh atm% colfs was supplied from a small portable boifer (Merry-
eat er (Iitb ecewm No. 2 ortablg boiler). The general layout s
ustrate tthe lagram shownt nI | hareed o the tank b f
When operating the mixer, petrol was charged to the tan means 0
te ump %ndl rummlum Etearate addeg gThemlxture waZ ated
and the xeyh)enos added. Heatmﬂnwas continued torafurther 0 r
the temperature being raised to a maximum not exceeding 55° C, and the
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took'aboi!!’2  °ar@”™”"y  PumP- The complete cycle of operations

The plants. used by the various manufacturers for full-scale production
were nﬁn arin pnnc}/ple to the mlxerr(}escn[b 3 above, the fue Isp Bemg éIS-

Fia.5 MdBile Mixino Plant-Oenera I Layout

e fuel could be charged into

char%ed into s-gallon drums which were adopte
equipment, as specified In

Lﬁsm these containers (twnE 2t-Inches outlet) t
ame-thrower fuel tanks without auxiliar
Service requirements,

g,v'_._

% as the standard containgrs.
ry

Properties of Fuels.

The raﬁunements of the fuegs varied [ron; time to time, 8 hthe majfor

emand as for two fuels, one for Eortab ﬁ FOWErS an eother or
mech anjze ed flame t ‘(fowers such g Crocadile. Vang \gra es \were
TEQUITE 0r USE In erent seasons And zones of warfar stlgatlons

were carried out on thelpropertles of fuels COVGFIH? awide range ofvi

cosity
Some account of the properties of these fuels folfows.

Anomalous Viscosity.
Aluminiym stearate gels possess the Rro ert% of anomalous VISCOsity,

|e e viscosity decréases rapidly with Incre rate 0 sear The
n| cance of this actor In determinin thelre |c nc as me-th ower
Is has alre y been discyssed by- Prof. C an er In his Melchet
ecture 6 t0 t e Ins Itute o ue an some resu or t e variafion 0
VISCO it Wlt ea een uoted elsewhere; 3 it was shown 3
t ee ueswn all- ro cosmes atver low rateo shear
to 0|sst evaue m|t|n |scos nal VIsco |t

c r rateso shear rang e 0ISe, a
sos ownt t fo aIum|n|um stearate gels o aglven conce fration, the|r



738 CAWLEY, CARLILE, KING, AND KTNGMAN :

value for use as flame-thrower fuels could be assessed by the simple
“ ball-drop ™ viscosity test, which was therefore used h oughgut this Work

Storage Stabhility.

All the ?els rproduced in this work were normally stable so far as absence
of s¥neress or other fundament I chan%e In structure was concerned, and

e term “ storage sta ||tg r%ers to the constancy of the vrscosrt of the
ues Since_the fue to pe stored at temper tures possib 2/ aryrn
from Q° to 100° F it was essential that they should have astorag stanility
of a high degree not usually found in systems of this nature. . Aqreat dedl
of work wa therefore carried out to”determine the stability of fuels of
drfferent com gsmon unng storage at var |n(_1 temo ratures.

It was stated in the Introduction that cresylic acid or xylenols not onl
Iowersthe %Iatron tem erature and vrscosrtz faluminium Stearate bdt als
confers_on them a high degree of stabr Ity even at temi)eratures as low as

—10°F. Early work on the grad eso tearate contanrng no protective
colloid had shown that in order’to ac |evet Is stability 1t was necessary 10
havex [enols resent to t| eextent of not esst an4 E r cent bﬁ/

te soa Re ults wrt the |mﬁrove %rae of Stearate, howe er

drcated%at such a high Iproiportro 0f peptiser was not nece sarg/u

|s Wa vioys| ama te considerable |m ortance romt err]h/
olnto View, %ne for a |ven VISCOSItY, d]ctron in th epro t
: eptrser enables a corr spon Ing reductio in econcentratrono soap
0 be made.

EX errments were carried out on the stora\%e Stablllt}/ of 5, 6, 7, and s
Q ent aluminium stearate els peptised With vary n% pro ortions of
glenols and possessrnﬂ ball-drop ™ viscosities var Ing' from 100 t0
1 00 seconds: ‘the reso s for storage for one month at temper nres of

104° F as well as at room"temperature, are given In Table VIII
and shown graphrcally In FIgs. 6 t0 8.

From these results the following conclusions were drawn —
). The improved radeo aluminium stearate ae els ofverg %%h
sta ||t at tem era res from room temper tur o
the raté of loss of viscosity was relatively g a
gﬁ) For a given soa[? conce triltrorlt est bility of the gel increased
increasing proportion of xylenols
n increase n soaﬁ concentration nagaﬁ]ared 1‘to increase the

sta%rht of the ?el but this effect was so at difficult to assess
since for a ge %IVEP (Jscosrt any Increase In the concenftraton ?’f
s0ap. necessar olved an | cre se In the propartion of Xxylenols

mch ma}/have been the con rollin d facéorrnd ter ining |st bility.
What could most certarn educed was that for a ge %rv n
vrscosrtsy tfhe most 3ta le. gel was that containing the highest concen-
trations of soap and peptisers.

From the results ﬂrven ahove, and other data not quoted as well as from
correspondrng resufts for fuels of I%wFr VISCOSity, Recrfrcatrons for fuel

P\P y were drawn up In which a balance was maintained between the
ma ece equrrements or the fuels and considerations of supply of the raw
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Table VIII.

Storage Stability of Aluminium Stearate Gels of Varying Composition.

Composition of gel, “Rall. "\ ieenc 0 o
gperploo ml pet?ol ; tgrt&gglqg Ball d|rno %ec \éﬁg?ssltt rggt;eYZorF: (&0

.. u ,
Aslye@r'g{lejm Xylenols. F vday. 1 week. 2weeks. 3weeks. 4weeks.

L E Yl
R : 1
s @3 %E gg i
R
60 2-4 Rl'T' %%8 205 }90 160
s B 2 i
18 1
o i i
B o g
A ' .
A RN
PR A
% 1000 1080 588 1020 1020
8-0 3-2 Fidl;1 §40 ?05 égg
2-8 838 5 -
R
i e B B
AN BN I -

* R.T. = Room température.
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Storage Stability of Service Fuels.

The results for storage. stablllg (%uoted so. far are exclusively. those for
}abotr ﬁor SCﬁ|e reioaratlons and it 1s tBerefore ?f Interest to give. results

els of the var cﬁJst Des Ere;%ared ey F\nu acture Bfor £rVice Use.
For this purpose s-gallon samples of service f Rrepare y various manu-
facturers were sent to the Fuel Research Statlo and stored In a covered

Fig. 6.

EFFECT OF SOAP AND XYLENOLS CONCENTRATIONS ON STABILITY OF HIGHLY
VISCOUS FUELS. I

trench the temperature of WhICh durlng the perlod of the experiments did
not differ materlal from 6 | samples were removed from the
drums at m nthl FQ/ miervals and theg “ball- drop viscositie meas%red at
25° C (7/°F). Results for some of these tests are recorded in Tabl
and mdlcat ‘the rate_of loss of viscosity to he expected under service
conditions In Western Europe during the period from autumn to sp rlng
Sto aesta ility trial ere aIso ?arrled out in the la oratory In séaled
%aghs ottles stor In the dark at tour tem eratures, Viz. ? (water-
ath), 60-70° F (room temperature), 32° F, and 10° F '(alcohol bath ‘cooled
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with soIn% cartan dioxide). As an be seen frmthe result5| Table X,
sorageo small lab Oﬁato sam avea (h) fﬁ er rae ase in
viscosity than that shown’hy s mpI 5 store In seale stee rums,

Fig. 7.

EFFECT OF SOAP AND XYLENOLS CONCENTRATIONS ON STABILITY OF HIGHLY
VISCOUS FUELS. Il

P ut the daga obtained give som idea of the probfable “ service ” ljfe of such
Lf ert e C0 abtlo sort est It wag foynd_that tﬂ \f dscoswl ty of

goodfuesasmeasure yte ba rop ” method at 7/° F should sho

( é A decrease of not more than 5 per cent after storage for one month

t 40° t0 60° F.
A decrease of not more than 10 per cent after storage for one

(b
marth at 32° F.
?8 A decrease of not more than 50 per cent after storage for one

manth at 10° F (see Note below
(d) A decreasé 0f not more tnan 50 per cent after storage for one

month at 104° F
—Later wordé sho ed hatt tests at 10°F had % en artlfl |aa
a

Of(gljgg %dv'[ﬁcﬁl't(}/ re UC?isOuntISnot teal\/nlgCOﬁ Stel}(\ellt(% uelts WaS 0 ten N |r

QD

Eét rates
never exceeded 20 per cent even whe the petrol used was known to give fu

low stability.

Stability of Fuels at Low Temperatures.

The introduction .of a protective coIL \d during the mainufacture of
aluminium stearate increased the gel stability to storage at low tempera-
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Table )
Storage Stahility d Service Fuels.
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el g i ap'tm'%t’cm Sﬁe%ﬁen“sed b””ﬁetcha{?n?ﬁdtﬂca“ ?avtﬁé

A e, u“tttut%mt%%ttt‘ts °F” ! ui '”é’rﬁ? o ¢ JS&"J%Sdatt S with &
gret ﬁgrov structural st at, (Low tem er tures as ss%wpd a)t

on ¢oo |ng g7es made with, this sear%e in bat

esult
0° F in 10° F 'steps for 6

temperatures rom 11ab —

ours. The results
are summarized In

Table X,

Stability of Aluminium Stearate Gels at Lotu Temperature.

Formula Temperature a Temperature at Te'ﬂf)?{atel{rfaﬁreo
G R

I I
| 1 ¢

t | | 4

ol o1 o

dual f | st ties after 3-4 d f I
B R R 34 dos e of s

As the ten}Perzi\ture was lowered the %els became more viscous and less
strlnﬂ y and finally the latter prop ert 1sappeared. The tem erature at
Wh]& this occurreéd Is reco[de aste “temperature at which ﬂ)e %351
(]1 » syneresis was usually observed ﬁtat eraturea out 20° F ow
this point.  Most of the gels Tecovered't elrn proRerdt%on retyr
to rogm te p?rature I many cases gven w ent een coo

0 F, the lowest tempera re use W|th|n the I|m|ts examlne the
stabilit of the gce mcreased WI% the xyl eno%so?P aﬂP and to a smaller
extent |t te Hcentﬁanono th eseg effect of low temPeratHres
onth e% Fne both on the actual temperature and the time orw i<
the gel was held at that temperature; thus syneresis and permanent brea
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down were bserved at er tem era res than those shown in Table X
when the eTwas cooe Eeno

er

The sta & hus 0 reat that there was rarely an
uestl n of the structural Erea own 0 geI Th ewscosﬂY ét [)\ 311‘
these fuels was such that they were stlllserv ceable after a perio ofsto age

Fig. 8.

EFFECT OF SOAP AND XYLENOLS CONCENTRATIONS ON STABILITY OF HIGHLY
VISCOUS FUELS. IlI.

at temperatures of 40° to 60° F of at least 1 year, and usually after several

4P
t was also a requjrem nt f these fuels that their viscosity stabilit
shoulg not Ibe affect unduly row tem eratures 50, that they cou% :
stored in the open dunn% the winter, and results areadx Iguoted show that
thIS requirement was met at tem eratures down t0 10 Neverth eess
w enh the. wmtero 1944—45 50 esam ples of the fue}l deteriorated ma
ﬂeno coinci tefretWIP\asFt)e of very cold weather, furt ?

&m IF ct of low temperature st rag? on the stablmvesﬁﬁtel%ﬂe
was asked for. SomeexBerl ents were thergfo

re carried out on the stora
of three selected service f %—10 0°, ar(tlg

els in glass tubes at temperatures o
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+ 10°F, as well as at room femperature. Larlge Dewar flasks containing
mixtures of so drd carbon djoxide and ateohol W(i e used as the Iog/ -tempera-
ture at s an to economize mspacet e samples were contame in narrow
tunes of j-inch diameter.  The “ ball-drop ™ viscosity determinatiops in
these tub gave somewht hgher results han those |r% the standard test
In view of the Increased wall effect, but as the correction factor was constant

Table XI.
Effect of Storage at Low Temperatures on Gel Stability.

|sBao”5|(tjro f Storage t%%é:;?tg)g ht
Perrod of
number. b\feltoﬁre stérag, tempg I?ure, storage. ssg%% e:

SW 1028 204 R.T.D. é gg% %@g
1 WE
Jweeks
10 L ek B
° 308
| W
3

10 a
aaE ﬁ
WEeKs 1
weeks

WH 62 i 240 R.TiD. 4weeks —
8 ; )

-10 it
KT 48 265 R.T.D. 4 weeks 211
0 it 121
10 it 120

R.T.D. —Stored at room temperature in the dark.
* Determined in lj-inch diameter tubes.

for aII am)PIes the reIatvers Its were not a]ffected The results are iven
n a oun tat after coo mg to —10°F the hysteresis
In the recovery A SC0S t}/ to t normal él éte on ret rn 0 roorq
tem erature mar ecte he resu tso taine hoursater remova
th eco ath |nvest| ation of the reiu Its after o e tW
even gdf ste 1S _effect was eliminated a % our
eresu uote ort evrsc S|ty at 77 F after storage were aI obtaine

afte[rt IS In erva]
he resu ts snowed that the rate of reduction of viscosity increased as
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eyeratur Was decre sed, but there was no tendency to structural

loss 0 sc sit not excessi t may be con-
ereztore that these uels c%qudﬁ1 %e stored In t%e o? tourrn g the

Wlnter in western Furo ewré out deterioration even If expo very low
temperatures tor short periods

Temperature Sensitivity of Fuels.

AIthourlrh different grades of fuel had been provided for use under widel
ditferent temperature conditions, 1t was obviously still necessary that an§
given fuel should be usable over a fairly wide range of temperature, and

Fig. 9.
VISCOSITY-TEMFERATUKE RELATIONSHIPS OP FUELS. 1.

hence the change of vrscosrty of these fuels with tem era&ure was of con-
?rable ml tance. ~Aluminium shearate els peﬁtrse with xylenols
rtunate )hshow a hrqh rate of chan e 0 vrsc? ty wrth temP rature

& shoun In the CUves or four h,

VISCosities at ‘£ an ing from 0 seconds, ¢ : Reraturg
sensrtrvrtg (i, rate 0 changs 0 vrscosrty wit temperature Crease
with increasing vrscosrt of thefuels.

Work. carriéd oyt in’ at s to prodyce fuels of lower temperature
sensitivity Is (?escrubed in t owrnéJ section. P
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Experimental Fuels.
Alcohol-peptised Fuels.

Investigations were made of thfe use_of different peptising agents on the
temperatire sensitivity of the fuels, The first step was to détermine the
effect of reducing thé acidity of the peptising ag{ent by comparing the
R_eptlsmg action of cycfohexariol with that of phenal. C¥C|ohexanol had as

igh a peptising action as phenol though the stability o the gel produced
was low. ~ The'next logical step was the use of the aliphatic alcohols and

Fig. 10.

VISCOSITY-TEMPERATURE &ELATIONSHIPS OF FUELS. Il y

it was found that these compounds, and more particularly the L/agh they
bers of the series, were extremely powerful peptising agéntfienols. The
did not reduce the %elllng temperature to the same extenj.alcohols was the
most important feature of the peptising action of alip™ure sensitivity, . A
fact that they produced %els of much lower temped, that the peptising
preliminary survey of the etfect of various alcoliol™ * and that the hqher
power decreased ‘with increasing molecular \Euged gels of lower stabj |t;i,
alcohols (such as tertiary amyland dodecv’JPriut on t" production of gels
A series of experiments was therefore carr’l"gomeric butyl alcohols as pep-
using methyl, ethyl, w-propyl, and the+  NNol).  The results are recorded
tisers with 5 per cént alumiriium ste*™d

in Ta3bIF2XII.
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Table XII.

Comparison of Various Alcohols as Peptising Agents.

Gelll

te m!jée

A

Alcohol. 0
Rk petrol.

Methyl

3
Ethyl

N D

n-Propyl

%
R

i

n-Butyl
sec.-Butyl .

ierf.-Butyl.

pa— )

The results show that:—

“ Ball-drop " viscosity, secs.

As made. Aftg{ %goqglurs Aféerléovgek

T°F 40°F <o TI°F. 10°F. T7°F

B oomge B ogide 4

1%3 105 solid 105 s. -

193 W sl _ _

I ld, 4

slight s,

5 8% — 41 solid,s. 43
1
il

a. = syneresis occurred.
tlsmg
asing moI t, th

él) For the normal aliphatic_ alcohols gup to but eyI ) the ge
act|vity (perg aleopgrl% éﬁlremqeased with Incr cularw

I

0 mg"ﬁj i o
|coho

eratur

act|vity per ‘mo
|n(§|caty dt at for the hi
act|V|t also decrease

tiar
m tem

ghly constant’ th ou other results

alc |\!mls suc fas dodec cohol the molar
Increasing mo ecu ar

decreased

alcohols, tge actw
> secondary alcotiol > ter-

own to 40° F the tem erature sen3|

tlvﬂ the égfs was vgry muc% ?ess than that o{ the corPeslgon Ing ges

oe;t)t|se wit
0 wscosﬂ?
xerd| to 41

storage at

It was clear, therefore, that |

Thus, on 000|
a gel peptised Wlt eth I
econds, whereas for a correspond |n
As VViscosity mcreased from 25 to 12
enormousl\i ayds were cooled
0°°F fifsult of[ln? gdent 50 |d|‘|cat|on and on
'Is 50

from
a{coﬁ]ol onI mcreased

sgco r1p(f t|sed with

below 40°F the viscosity increased
roIo?ged

iditied completely and syneresis took place

é egem erature sensitwn'® use ~ohols as ?]tly
roauc rowe structur dsta" g rnlnlumstearatestfj Bw (‘1
Bar cularly At oW em eratare».j&ythan those pepti Bnols

out using mlxtures ofalcohols and xy 6 dJmen"s Were according

dy carrled
m0eptising agents to determine
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if' it would be possiple to increase the stability of the %els to a sufficient
de%ree without causing too great an Increase in the temperature sensitivity

The %vork Was carned ou%wnh %els havmrg? \fISCOSItIeS of the order of 20
seconds, and. It was shown t at Usi gfax lero aco ol rat|o of 2 ;1 it was
Eossmle to_increase the stability of the gels s?]t at there woyld be no

neresis after 1 month storage alt " F and the sample stored at room
temperature showed no appreciable change n wscosﬂy The increase |n
temperature sensitivity was not excessw the ratio of the VISCOSIt%/
40° F to that at 77° F Was increased from 17 to 2-6 by the addition of the

Fig. 11.
EFFECT OF PEPTISING AGENTS ON VISCOSITY-TEMPERATURE RELATIONSHIPS
OF GELS.

Wlenols whereas for a gel of similar wscofsflte/ g??tlsed with >F¥Ienols alone
the ratio was 5-0. Curves Illustrating the effect he natueo he etmh
?ent ont etemdeerature Sensitivity are given i 1 s owm the result

I gels peptised respectively with mixtures o x enols and aco os an

mos{/ 8 lhese early results were obtained with gels of"1" at g(teaes%
to 30 seconds); later the work was extended to tA'W and 0-
f about 200 seconds. It was found that it~ tability af temperafures

(20
0
ER? %?eno#rl‘r{“d%‘e‘ﬁ%aé Ea”%gh f3J n e g els were of much Inferior

F, and that even with>
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?tabrlrt}/ to those peptised with xylenols anne % W were only stable
6 a%/s at 3’ F. Or] the othe a  the stability at 104 F was
superror to that of the x lenols-pep trse Ogle _
In view of t eeresut wor onaco peptisers for hi agh viscosity fuels
was suspen ed, but as the gels of low viscosity appearedto show dreater
eromrse from the Rornt of dewo low-temperatu e a\brlrtx furthe wort}
as carried oyt on the production of this type of fuel using mixtures o
xernoIs and alconol as dpe ptiser,
Experiments were made on gels peﬁtrsed with ethyI alcghol,_n- but)‘I
alcohol xernoI and mixtures of eac aleo ol with xylenols. 'The gels
were all made $) give fuels having a rop viscosity of 15 to” 30
seconds at [1° F with the exce tron of those g rPeptrsed with X Ienols
alone;. these, in view of their fl g femperaturé sens vrtg/ were nfade so
as to, Igrvea “hall-drop,” viscosity of 10 seconds at 104° F Since all tuels are
re uired to have amrnrmum viscosity of this value at the hrghest operatrn%
perature. A series of samples was prepared and stored at variou

tem eratures in clear glass S,
Pt Base ?uer]s usedgwere &5'&16 leaded petrol which was available on a
Iarge scale at th e time the ¢ prerrments were made, and (2) a non-leaded
petroI The results, qrven in Tables X11] and X1V, show the drfferences
often found between eaded and non- Ieaded petrols,” although, ai al ga y
exprarnerf the differences are not due to the presence of tetraethyl lea

he fo fowrng conclusions may be drawn —

(1) In general, the gels peptised with alcohols alone were less stable
thar? t eptised w(t]th EP nﬁ’rxture of xtﬁenols and afcohol the differ-
ence erng c entuated as the temperatuire decreased.

% Ve room temperature the gels peptised with a mixture_of
alcohol and xylenols Wwere more “Stble t an those p r%trsed with
xylenols alone; below room temPeraturet e reverse was the case.

3 Usrn% the mrxture of ethyl alcohol and xy Ienols the stabrlrt}/
the gels ere sed rapid Yaste oncentratrono aluminium stearate
\%/Ctrvgfe oL saotaF would be undesirable to use less than s per cent

h|Ie as already known, ethy| alcohol. was a more powerfu
e t) srng ag ent than n- %ut Ialcoho[l ylte stag Ilrﬁ/ ofﬁte giels §roducerj
was In géneral srmrarexce tthatwdth butyl alcofol t| e gels were rather
less stable at h |% temperatures and more stable at low temperatures.

The effec the petrol was.in agreement with the
r(r usions aﬁreadpy reach%d’j1 In t?te earlier section. J

Fuels surtable for portable flame throwers, having a low temperature
sensitivity and reasonable storage stabrlrtg could thus be ﬁrepare usrnga
mix ure fethgf alcohol and xylenols asrf lE)trsrng %%ent and would be par-
trcu ar surtable for summer ‘or tropical use as they were more stabe at

Peratures than the normal servr% fuel al houg they would

re urre to fewtenlperatures me? to their low tem rature sensrtrvrty

vrscosrt curve?] use a srngle uel to re lace two fuels reviousl

together with that foraj"gDaper turer I|'t0WI1 gdt t] eratur
) yprca eno peptised fuels
Antaining a mixture of ethyl alcoh 1
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and xallenols as peptiser. - The latter fuel haga1 |sfcosrt not les than|3
F and not greater than A at 30° F and therefore Covered t ewhoe
range for which thé two fuels A and B were otherwise required.

Cellosolve-peptised Fuels.

S e Tl i ol e
%\yﬁl ms%AngIo American P J%\/ﬁ gornted ou%thaty its use\/\yould eff ct
consjderable conomy In, alumrnr m stearate since it was possible to make

stable gels of high viscosity with a smaller proportion of aluminium stearate

than hat re |red hen xer IS ere used. Unfortunatel hrs results
also snowed at w e the c oso -peptised \ﬁes were stable at rogm
temperatu et e| sta llity at ow te g tures as. inferior to that of the

Corresp r] speptrsed with x¥ enols. At the time the su? estion Was
made, g sta |t8/ ﬁt ow temperatures was considered to be ramount
|mport nce and cellosolve-peptised tyels were not considere surta le Tor

i I s e e s
l0so ve as.a peptiser for e reparatron of t kfues usl

ercentaumlnru earatean rce tce osove e atlon
emps rature was 0 19 53 O)t xylenol-peptised
emrxtures ere erefore heate to 55 to 65 mstea

5R(e;sults of storage and firing tests on these fuels showed that:—

The fuels were less stabble than x Lenol tp Pised fuels at low
te eratures (10° F and 32° F) but more stable at high temperatures
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e fuels had a higher elasticity modulus than xylenol-peptised
fue(@ ag ence were moi9 J f?rcuttoy anq yIeno-pep
FS% ues ad a much higher temperature sensitivity than
xyeo peptised fuels.
Q The use of cellosolve would enahle (a substantial reductlon to be
effected in the proportion of soap required to give a stable gel

The results su%?ested that a combinatjon of the best properties of cello-
solve and >I%/en s would give a sugerror fuel to an rt)revrousl made
exce t from the point of View of temperature sensitivity). Tests were

here % e carried out on gels containing mixtures of celloso ve and xylenols
with t efoIIowrng result

(1) The pr dpertles conferred on the gels by the two single (oe tisers
\évfergccrombme In the mixed peptiser in accordance with the' proportions
52) FB Fs contalnlnq 5 per cent aluminium stearate showed a high
degree ofstabllrt ataltemperatures they were somewhat less stable
han, xylenol rge tised fuels at 32 , but"more stable at 10°F and
consrderably e stable at 104° F

The final choice of a formula for these fuels deI%ended on whether tempera-
ture sensitivity or stabrlrt at 104° F was the more important factor; two
es containi g 5 per. cént of aluminiym stearate and 0-6 Per cent Pf
enols to etheér wi h03percent and06per cent ofcellosolve es ectrveg
ere mad e up on a large scale.  Considerable difficu t¥ Was experience
during the m Bufacture [ hes%fuels paﬁrtlr){ because of the highe %elatron
tertngerature articu atr ecaulsteds Itvarratrons In o tehratr con
Ions (especially temperatufe) resylted i large variations. in the viscosi
Hh #e adregrot}ucrls)t]e resuqts vvgere thus dlf%cultt obtalny
e results of storage stability trials were in agreement with the results
aIread reeorded for small- scal preparations, but the frrrng tests were
somewhat less satisfactory, so that further work on these fugls would be
necessary before fuII scaI ‘manufacture couId be ado ted. Nevertheless
It was considered that the mtrortuc}ron of ove as a pephsrn (s
gave romjse of the ro uction of uesconsr era Iysuperrorto
ervice fuels particu arIy for use In tropical zones.

Comparison of Peptisers.

The results descrrbed in this paper show%at the properties of aluminium
stearate Js may be é)ro oun&k affected by the se of varroum)e tisin
gents a% ertnh% tgt ffect of these agents ay be specific to the class 0

mpoun
Th)us for conferrrnfq stabrlrt)( at low temgeratures low elasticity and
maxrmum lowering of'gelation temperature, and the less easily defrn d but
Iesrm orﬁant P[)'[Ie? fease of mﬁnufacture and reproducib ||t 8f
resu ts, the xylenols are by Tar the most effectjve peptrsrn agent employe
The use of cellosolve enables a much m o or on ot alu ”h 'ﬂ
stearate to be used and also confers, a of Sthi |t|y
% peratures. The temperature sensrtrvrt oft e gels IS than
e xylenol-peptised gels.
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The lower aliphatic aIcohoI%reduce the temé)grature sensmvny toamarked
extent by, com arison with the value obtained with the other two geptlsm
ol L h e
ymle e of peptising agents a? e effects d&c? dgbove are
addltlve so that, |ve ereq ir ments for any sgecmed fuel, It 1s possinle
to select the mos suitable mixture of peptising agents in order to obtain
fuels with the desired properties.
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