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THE IOW-TEMPERATURE SOLUBILITY OF 42 AROMATIC
AMINES TN AVIATION GASOLINE

By Richard L, Kelly

.” INTRODUC TION

At the request of the Air Technical Service Command, Army
Air Forces, a general investigation of the suitability of aromatic
amines as antiknock additives for aviation zasoline has been con-
ducted at the NACA Cleveland laooratory betweeon April 1943 and
April 1945. The program included the determinations of antikmock
effectiveness (references 1 to 6), of suitmbility for overwnter
storaze (reference 7), and of the sclubility in gascline at low
tomperatures (references 8 and 9) for aviation gasolines contain-
ing eromatic amines.

The presasnt paper is the third and final repor+t on the solu=-
bilities of amines in aviation gnsoline at low temperatures, such
as would be encountered in cold-weather operation or in flirht,
and swmmarizes i{he data reported in the first two papers (refer-
ences 8 and 9); solubllities of seven additional amines, li=nethyl-
o-toluidine, N-methyl-toluidines from chlrotoluenos, o-ethyl-
aniline, N-methyl-p-ethylaniline, H-methylethylaniline (mixed
isomers from chloroethylbenzenes), Neme thyl-p=isopropylaniline,
and N-methyldiphenylamine, are included herein., Solubllities of
the 42 amines were measured at temperatures as low as -85° C, B°
below the usual Army-Nevy freezing specification of =60° C, and at
concentrations as high as 10 percent by weight, well above the l=
to S~parcent range in which amines have been used in gasoline,
Determination of solubility at =60° C was a particular objective
in obtaining the data. Becanse gasoline composition affects the
solubility of the amines, solubilities wore determined in an
aromatic-free gasollne, a gasoline of known aromatic content, and
a typical AN-F=28 fuel,
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GASOLTINE AND AMINE SPECIFICATIONS

The base fuels used for the present investigation are the
same as those used in references 8 and 9 and have the following

compositions:

1. Grade A5 base stock from which aromatic hydrocarbons
wore suocessively extracted with 10 porcent fuming

sulfuric acid and silica gel.

2. Extracted grade €5 baso stock to which was added 15
percont by volume of an aromatic-hydrocarbon mixture
of five parts xylene, .two parts cumene, and one part

toluene

3, Different batches of typical current aviation gasoline,
AN-F-28, Amendment-2, fuel cortaining 12 to 20 per-
oent aromatic hydrooarbons by volumo

The physiocal properties dotermined at tho Cleveland labtora-
tory fcr the amines are given in table I, The amincs reported
herein for the first time aro H-methyl-o=-toluidine, N-mcthyl-
toluidines from chlorotoluones, o-ethyleniline, N-methyl-p-
ethylaniline, W-methyl-ethyleniline (mixod isomors from chloro=
ethylbenzencs), W-methyl-p-isopropyleniline, and K-mothyl-
diphenylamine.

APPARATIS AWND PROCEDURE

Thoe epperatus used is shown in fipgure 1. A gasolinc-sanplo
tube 3Q by 2.5 centimeters wms provided with a vent and dryiur
tube, an air-motor-driven glass stirrer rotating in a bushing,
and e thres-junction iron-constantan thermorile. The masoline=
sanple tubec was held in pluce with a rubber stoppor in a 25 by 7
centimeter clear zlasz Dewar flask throujh which acotone as a
coclant was circulated by a centrifugal pump., The acetone was
coolad by circulating it through approximatély 35 feet of copper
tubing colled in a dry-ice kerosene bath, The coolant tomperature
was regulatod by means of a valve line bypassing the refrigeration
bath, A thermometer in a well in the coolant limne permitted visunl
observation of tho coolant tomperature. Tre Dewar flash containing
the sample tube was supported in a tight-fitting ineulated box pro=-
vided with windows, A small quantity of phosphorous pontoxide was
placed in the bottom of the insulated box as o drying agent to pro=-
vent fogeing of tho glass Dowar flask by condensed water., The
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three=-junction iron-constantan thormopile was used to measure the
gasoline temperature with distilled-water ice as the standard re-
foronce temperature, The thormopile was calibratod against a
platinum resistance thermometor, which had been celibrated by tho
National Burcau of Standards,

Tho samples were preparcd by wolghing a quantity of the aro-
matio amino on an analytical balence and then adding gmnsoline o
the amine until the resulting solwtion had a specifiod amino content.

The gasoline solution was transferred to tho sample tubo. Ths
glass stirrer was startod and the solution was slowly coolod until
the amine separated from the gasoline and formed a cloud; this tam=-
perature was recordod, Thou solution was then slowly warmed until
the amino wont into solution and the cloud disappearod, ‘Those two
temperatures wcre averajed to give the incipient-suparation temper-
ature or "ocloud point." Cloud points were roproduciblc arong sem-
ples to wlthin *+1,5° C,

Data for N-butyleniline, p-toluidino, p-teri-butylaniline and
2, 4, 6=-trimothylaniline arec not included in this rcport becausc .
their solubiliiies werc determiied bty the saturation mothod (rofer-
enco 8) aud the accuracy of the previously roportod rosults is
doubtful, At constant tewmperature a samplo of gasoline saturatod
wlth amine is drawn through a filter tube into a cooled receiving
vessul by low pressure. The amine has a tendoncy to so clez tho
chamois filtor that at low preesure somo of the gasoline is trans-
ferred by veporization to tho recoiver. Inasmuch as the emine is
not transferrcd with the waporized mmsoline, the results by tho
saturation melhod tond to be low,

RESULTS AND DISCUSSICN

Tho solubilities of tho eamines in the aromatic-free gasoline,
in the gasoline of 16 percent aromtic content, snd in the AN-F-28
fuel arc presecnted in :figures 2, 3, and 4, rospvotively., The aminos
that wore soluble to at loast 10 porcent by woight at =60° C in each
of the gasolines are:

N-Eihylaniline
N-Propylaniline
Y=Isopropylaniline
H~-tert=Butylaniline
¥,N-Diethylaniline
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N-ie thyl=-p=-toluidine
N=Me thyl-o=toluidine
N-Mothyltoluidines (from chloro-toluenos)
N-Ethyl-p<toluidino
N-Isopropyl-p=-toluidine
K-Mc thyl-p-othylaniline
N-Mothylothylaniline, mixoed lsomers (from chlorocthylbenzenes)
o=Isopropylaniline
g— Isopropylaniline

i=to thyl-p-isopropylaniline
N-Isopropyl-p~isopropylaniline

Cumidines (frcm synthetic cumenes)
Cumidines (“rom rofinery cumones)
K-Me thyleumidines (from bromocumencs)
N-Mothyl -g_- tor t=butylenilino
¥-lip thyl-2,4-xylidine
N-lothylxylidincs (from bromoxylenes)
2,4-Diothylaniline
2-Mp thyl-5-isopropylaniline
N,ii=-Dimo thyl=-2-me thyl-5-isopropylanilino
N,l-Dimo thyl=-2,4, 6-trimo thylanilino
Psoudocumidino (technical)

At room tomporature MN-methyl-p-phonylenodiamine and p-phomylono-
diamino woro less than 0.5 parcent by woight solublo in the tost
gasolinos; no additional splubllity data wcre tnlkon for theso com=-
pounds, At room tuaperature M,,N!-dimothyl-p-phonylonedianine wes
soluble to tho extont of 1 1o 2 poroont by wolzht but was too une
stoblo to permit accurate moasurcmont of solubility by the me thod
employcd. N,N-Dicthyl~-p-phcnylonediamine was tosted only in tho
aromc. tic-frec gonsolinc,

The compoeition of tho gasolino influcncod the amino solu=
bilitios to a larpo oxtent, Tho addit’on of 15 porcont sromatics
to the aromatic-free gasoline approximateoly doublecd or triplod tho
amine solubility. Solutilities in the AM-F=28 fuel were cf the same
marnitudoe s in tho gasoline containing 15 percunt eromatics. Rep=
resontativo samplcs of AN-F-28 fuel contained 12 to 20 percont by
volumo of aromatics,

A summary of the solubilities of tho arminos at ~60° C in the
difforont test gmsolinos is proscnted in table II, ‘Tho results worc
obtained by interpolating or exirapolating the exporimontal data,
The data for commorciel xylidinos obtninod from refcrecnco 10 are
includod for comparison,
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The solubility of an“aromatlo amine in the aromatic-free
gesolino at -60° C may be taken as an indication of tho maximm
concontratign in which tho amine may be addod to ocurrent aviation
fuels on the basis of solubllity alone, Tho aromatioc hydrocarbons
prosent in most of the current aviatlon fuels would provide a mar=-
gin of safoty in provonting this concentration of amine from sep=-
arating at -600 C,

CONCLUSIONS

Tho following amines moet present Army-liavy froozing spocifi-
cations whon blendod with aviation gasolins in concentrations up
o 2 peroont by wolght: .

ll-Me thylaniline

N-Ethyloniline

N-Iropyloniline

N-Isopropylaniline

N-tcrt-Butylaniline

11, ¥-Dimo thylaniline

N,R-Die thylaniline

N-Me thyl~p-toluidino

N-Mo thyl=-o=-toluiding

N-Methyltoluidines (from chloretoluonos)

N-Ethyl~p-toluidine

N-Isopropyl-p-toluidine

N-}o thyl-p-othylaniline

N-Mo thylothylanilino, mixod isomors (from chloréothylbonzcnos)

o=-Isopropylaniliae

ﬁ_—Isopropylo.nilinu
<Mothyl=-p-isopropylaniline.

N-Isopropyl-p=-isopropylanilino

Cumidines (from synthotic cumonos)

Cumidinos (from refinery cumones)

N-Mg thyl-p=-tort-butylaniline

Xylidincs (commorcial)

N-Mp thyl=2,4=-xylidinc

N-Mo thylxylidinos (from bromoxylonos)

2,4=-Diothylaniline

2-Mp thyl=5~1i80propylaniline

N,N-Dim.thyl=2-mothyl=6=-isopropylanilire

M,N~Dime thyl-2,4,6-trimcthylaniline

Psoudooumidine (technical)

H-Mothyldiphonylamino
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Adding an alkyl group to tho nitrogen of the amine hed a
groater solubilizing olfect than adding tho same alkyl group to
tho oromatic ring, For oxample, Nwmethyleniline is more solublo
than any of the toluidines and N-ethylanilino 1s more soluble
than o-cthylaniline.

Alrcraft Engine Rosoarch Laboratory,
Natlonal JAdvisory Committoo for Awronautics,
Cluveland, Ohio, Novombor 9, 1945,
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TABLE I - PHYSICAL PROPERTIES OF AROMATIC AMINES
. Bolling range? | Index of |Density
Amine (°c) refra;;ion (g{ams
“p
Aniline 184-184.5 1,5883 1.0220
N-Methylaniline 195-196 1.5704 «9860
N-Ethylaniline 203-204 1.5538 «9607
N-Propylaniline 220.5-223.5 1,5425 «9448
K-Isopropylaniline 206.5-208 1.5404 «9374
N=-tert-Butylaniline 95 at 16 mm 1,5270 «9244
N,R-Dimethylaniline 192.5-193.5 1.5580 «9564
Ny,N-Diethylaniline 215-217 1.5418 09347
o~Toluidine 198.5-201.5 1.5718 «9989
m=Toluidine 202.5-203.5 1.5674 »9893
F-Methyl-p-toluidine 209-211 1.5570 +9610
NeMethyl-o~toluidine 206.5~207.5 1.5646 «9763
N-Methyltoluidines (from chlorotoluenes)|{208.5~215.0 1.5600 <9668
N-Ethyl-p-toluidine 217-220 1.5439 «9441
N-Isopropyl-p~-toluidine 222-223 1.5319 9238
o-Ethylaniline 211 1.5602 «9810
R-Methyl-p-ethylaniline 227.5 1.5485 .9485
N-Methylethylaniline, mixed isomers 222.5-230.5 1.5493 +9503
(from chloroethylbenzenes)
o~-Isopropylaniline 2198-220 1,.5484 «9643
p-Isopropylaniline 225.5-226.5 1.5432 +9514
N-Methyl-p-isopropylaniline 240 1.5390 9347
N-Isopropyl-p-isopropylaniline 246-247 1.5209 «8075
Cumidines (from synthetic cumenes) 225-226 1.5448 9536
Cumidines (from refinery cumenes) 220-241 1.5434 «9531
N-Methylcumidines (from bromocumenes) 237 .5~241.5 1.5390 .936€
N-Methyl-p-tert-butylaniline 245,.5~249.5 1.5348 «9305
2=-Mcthoxyanllline 224-225 1,5750 1.0931
Xylidines (commercial) 216-219.5 1.5601 «9771
2,6=Xylidine 216-217 1.5616 9768
N-Methyl-2,4-xylidine 221-222 1.5542 9582
K-Methylxylidines (from bromoxylenes) 220-227 1.5540 9586
2,4-Diethylaniline 241-242 1.5433 9511
2«Methyl-5-isopropylaniline 240-242 1.5408 «9436
N,N-Dimethyl-2-methyl-5-1sopropylaniline {84 at & mm 1.5124 +9028
N,N-Dimethyl-2,4,6-trimethylaniline 213.5 1.5116 «9066
Pseudocumidine (technical) 225+241 1.5568 +«9720
Diphenylamine b52,9+53.6 = |e-eomeceeclemaaaeo
p-Phenylenediamine D140.0-142.0  |-eccceccconjececa—-
ﬁ-Methyl-ﬁ-phenylenediamine 121 at 5 mm 1.621  |eec-a--
N,N-Dimethyl-p-phenylenediamine 108=11l1 at 4-5 Mm|eeccccccec jeccnaaa
N,N-Diethyl-p-phenylenediamine 117 at 2.5 mm  |eeccceccoc |ecnca-a
N,Nt=Dimethyl-p-phenylenediamine 117 at 1 mm = |e<cceccece |ccccaaa
N=-Methyldiphenylamine 295-296 l.6224 1.0527
aBoiling range at 760 mm Hg except where noted.

bMelting point measured for this solid rather than boiling range.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II - SOLUBILITY OF AROMATIC ANINES

IN THREE AVIATION FUELS AT -60° C

@ercentages by weigha

Aromatic-| Aromatic-Iree|
free grade 65 plus
Amine grade 65 | 15 percent by|AN-F-28
volumeaaro- .
matics

Aniline 205 0.5 cmmee—-
N-Methylaniline 3.6 12(=62° C) >10
N-Ethylaniline >10 >10 >10
N-Propylaniline >10 >10 >10
N-Isopropylaniline >10 >10 >10
N-tert-Butylaniline >10 >10 >10
N,N-Dimethylaniline 4.7 9.8 8.3
N,N-Diethylaniline >10 >10 >10
o-Toluldine 1.3 4,2 4.4
m-Toluldine <0.5 2.6 3.6
F-Methyl-p-toluldine >10 >10 >10
N-Methyl-o-toluidine >10 >10 >10
N-Methyltoluidines (from chlorotoluenes) >10 >10 >10
N-Ethyl-p-toluidine >10 >1l0 >10
N~ Isopropyl-p-toluidine >10 >10 >10
o-Ethylaniline 0.9 >1l0 >10
R-Methyl-p-ethylaniline >10 >10 >10
N-Methylethylaniline, mixed lsomers >10 >10 >10

(from chloroethylbenzenes)

g-Isopropylaniline >10 >10 >1l0
ﬁ-Isopropylaniline >10 >10 >10
-Methyl-p-isopropylaniline >10 >10 >10
N—Isopropyl-g-isopropylaniline >10 >10 >10
Cumidines (from synthetic cumenes) >10 >10 >10
Cumidines (from refinery cumenes) >10 >10 >10
N-Methylcumidines (from bromocumenes) >10 >10 >10
N—Methyl-g—tert-butylaniline >10 >10 >10
2-MethoxyanIline <0.5 <0.5 <0.5
Xylidines (commercial) reference 10 3.7 >10 >10
2,6-Xylidine 4.6 11.1 9.1
N-Methyl-2,4-xylidine >10 10 >10
N-Methylxylidines (from bromoxylenes) >10 >10 >1l0
2,4-Diethylaniline >10 >10 >10
2-Methyl-5-1isopropylaniline >10 >10 >10
N,N-Dimethyl-2-methyl-5-1sopropylaniline >10 >10 >10
N,N-Dimethyl-2,4,6-trimethylaniline >10 >10 >10
Pseudocumidine (technical) >10 >10 »10
Diphenylamine <0.5 sescccccas e==1 <0.,5
-Phenylenediamine b¢0.5 b<0.5 b<0.5
%—Hethyl- phenylenediamine b<o.5 <0.5 b<0.5
N,N—Dimetﬁ;l-g—phenylenediamine <0.5 <0.5 <0,.,8

N,N-Diethyl-f-phenylenediamine <0.5 merseccooco- ol Rttt

N,N'=-Dimethyl-p-phenylenediamine <0.5 cecrerscnccac | ccccea-
N-Methyldiphenylamine 33 >10 >10

Apromatic mixture consisted of five parts xylene, two parts cumene, and

one part toluene.
bgolubility at room temperature.
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Figure 2. - Solubllity of aromatiec amines in grade 65 base stock with
the aromatic hydrocarbons extracted.
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Figure 4, - Solubility of aromatic amines in AN-F-28, Amendment-2, fuel.
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