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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
- - .. . . . MEMORANDUM REPCRT

for the
Army Air Forces, Air Technlical Service Command
THE LOW-TEMPIRATURE SOLUBILITY OF 24 AROMATIC
AVINES IN AVIATION GASOLINE
By Richard L, Kelly

INTRODUCTTON

A general investigation on the suitability of aromatic amines
as antiknock additives in aviatlon gasolines 1s belng conducted at
the Cleveland laboratory of the MACA at the request of the Army Air
Forces, Air Technicel Service Command, The present report is the
second in a series dealing with the low-temperature solutility of
aromatic amines in aviation gasolines, The first paper in the serles
(reference 1) reports tests and results for 15 aromatic amines, The
antilmock effectivenesa of 2~percent blunds of variovs amines in
AN-F-28, Amendment~2, fuel (grads 130) $s reported in raferences 2
to 4, Reference 5 presenis tests and data on the suitabllity of
amin=2 blends for overwater storage,

The purpose of the prescnt report is to prusent the low-temperature
solubllity in gasoline of 24 aromatic aminus. The solubilities of
the amines at -60° C, the standard freezing specification for current
Army-Navy aviation fuels, was a particular cbjsctive of ths tesis,
Solubilities were datermined at temperatures as low as ~65° C and in
concentrations as high as 10 percent by welght, These conditions are
mora severo than those spscified by the Army and the Navy and thoroe-
fore permit a critlcal svaluation of the sultabllity of aromatic
amines as fuel additives on the hasls of solubllity alons,

Becausu gasoline composition affects ths solubility of the amines,
the amine solubllitlies wers determined in an aromatlce-freo gasoline,
a gasoline of known aromatic content, and a typical AN~-F-28 fuel, The
investigation was conductud between March and Ssptember 1944, )
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GASOLINE AND AMINE SPECTFICATIONS

The fuels used for the present invustigation are the same as
those used in reference 13 their compositions are as follows:

1. Grade 65 base stock from which aromatic hydrocarbons were
successively extracted with 10-percent fuming sulfuric acid and
silica gel

2. The extracted grade 65 base stock to which was added 15 per-
cont by volume of an aromatlc-hydrocarbon mixture of five parts xylene,
two parts cumsne, and one part toluene

3, Diffeorent batches of AN-F~28, Amendment~2, fuel (grade 130)
containing 12 to 20 pesrcent aromatlcs

The physieal proporties of the amines tested are given in table I.

APPARATUS AND PROCEDURE

The cloud-point apparatus is i1llustrated in figure 1 and ths
apparatus for obtaining saturated samplss is shown in figure 2- they
ara both described in reference 1,

Ths incipient-separation temperature, or cloud point, was deter-
minzd whenever possible with blends of known amins content, In cases
whure supurcooling made the cloud—-point method unrellable, saturated
gasolinc samples were withdrawn from the mixtures of gasoline and amine
and ware subsequently analyzed by ons of the two methods described in
r.-ference 1,

RESULTS AND DISCUSSION

Figures 3 to 5 presant the solubilities of ths amines in sach
of the three test fuels. Any amlne concentratlon lying sbove the
dazhed line at «60° C failed to meet current Army-Navy frewzing spac-
1ificatione.

No data for amines more solublu than 10 purcent by weight at
-6CC C wore obtained or plottad in the figures., Those amines includes

o-Isopropylaniline
p-Isopropylaniline
N-Isopropyl-p~isopropylaniline
Cumidines from synthetic cumene
Cumidines from refinery cumane



N-Methyloumidines
N-Hothyl-p-tert-butylaniline
N-iethyl-2,Z-xylidine

N-Methylxylidines - R I e
2,4-Diethylaniline
2-lethyl-5~-isopropylaniline
N,N-Dimethyl~2-methyl=5-isopropylaniline
N,N-Dimethyl-2,4,6-trimethylaniline
Pseudooumidine (techs)

Because p-phenylenediamine and N-methyl-pe-phenylenediamine were
less than 0.5 percent by weight soluble in the test gasolines at room
temperature, no additional solubility date were taken for these com-
poundses The N,N'!'-dimethyl-p-phenylenedlamine was soluble to the extent
of 1 to 2 perocent by weight at room temperature but was too unstable
to pernit accurate measurenont of solubility by the method employed.
N,N-Diethyl-p-phenylenediamine was tested only in the arometio-free
gasoline,

As has been previously observed (reforomce 1), the composition
of the test gasolines has a marked effect on the solubility of the
amines, At any tomperaturc, the amines were approximately twlce as
soluble in the aromatio gasolire and in AN-F-28 fuel, which contains
12 to 20 porcent aromatles, as in the aromatio-frac gasoline.

A summary of the solubilitivs of the aromatioc amines at -60° C,
determined by interpolating or extrapolating tho axporimental data,
is presented in table II. Tho data for ocommercial xylidines, obtainod
from roferenco 6, arc inoludod for comparison.

The solubility of an aromatic amine in the aromatio-froe gaso=-
line at =60° C may be taken as an indiontion of tho maxinum concen-
tration in which the amine may be added to ourrent aviation fuols
sololy on the basis of solubilitye The aromatio hydroocarbons presont
in most of tho ourrent aviation fuels would provide a margin of safety
in proventing separation of the amino at -60° C.

) ' CONCLUSIONS
Tho following amines most prousent Army-Navy freczing spocifloa-
tions whon tlondod with aviation gascline 1n concontrations up to
2 percont by wolght:

o-Isopropylaniline
=Isopropylaniline
-Isopropyl-p-isopropylaniline
Cumidinoes from synthetlic cumono
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Cumidines from refinery cumene
N-Methylcumidines
p~tert-Butylaniline

N-Hethyl- —tert—butylaniline
2,6~Xyli

N;Hbthyir2,hpxylidine
N-Methylxylidines
2,L-Diethylaniline
2-Methyl-5-1isopropylaniline
N,N-Dimethyl-2-methyl-5-isopropylaniline
2,4,6~Trimethylaniline
N,N-Dimethyl-2,hif~trimethylaniline
Pseudocumidine (tech.)

Aircraft Engine Research laboratory,

1.

2.

3.

ho

Mational Advisory Commlttee for Aeronautics
Cleveland, Ohio, November 17, 15LL.
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TABLE I - PHYSICAL PROPERTIES OF AROMATIC AMINES
Index
Belling range of
at 760 mm Hg rofrac-| .
Amine except where tion ?ensit§
noted grams
(°¢) m® | )
o-Isopropylaniline 219-220 1.5484 | 0.9643
p-Isopropylaniline 225 ,5-226.5 1.5432 | .9514
N-Tsoproryl-p-isopropylaniline |246-247 1.5209 | .9075
Cumidines from synthetic cumene {225-226 1.5448 | .9536
Cunidines from refinery cutene |220~241 1,5434 { ,9531
M-Yethylicumidines 237.5-241.5 1.5390 | .9366
p-tert—Butylaniline 96,5-98 at 5-6 mm [1,5388 | .9446
N-¥ethyl-p-tert-butylaniline 245 ,5-249.3 1.5348 | ,9305
2,6-Xylidine 216-217 1.5616 | .9768
N-Lethyl-2,4-x-1idine 221-222 1.5742 | .9582
N-Yethylxylidines (from broro—~ [220-227 1.5740 | .0586
xylenes)
2,4-Diethylaniline 241~-2432 1.5433 L9511
2-Methyl-S~isonropylaniline 240~242 1.,5408 | .9436
N,¥-Dimethyl-2~methyl~>- 84 st 5 wm 1.5124 | 9028
isopropyleniline
2,4,6~Trimethylaniline 110 at 15 mm 1.5502 | .%€15
N,N~Dimeihyl-2.4,6~ 213.5 1.5116 | .9066
trimethylaniline
Peoudncuridine (Lech.) 225-241 1.53568 | .9720
2-¥stnoxyaniline 224-225 1.875C | 1.u931

Dirherylsmine
p-Fhenylenediamine
N-Miethyl-p-phenylenediamine

N, N-Dimethyl-p~phenylenediamine
N,N-Diethyl-p-phenylenediamine
N, N'-Dimethyl~p—phenylsnediamnine

Pl = 72,9-53,8
¥.P.} = 140.0-142.0f
121 at 5 mm
108-111 at 4-~5 mm
117 at 2.5 mm

117 at 1 mm

1Melting point (M,P.) me2mured for this solid instead of boiling

range.

NATTONAL ADVISORY COMITIIT.E
FCR AdROHAUTICS
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TAELE IY ~. SOLUBILITY OF AROMATIC AMIN:S AT - 60° ¢
‘“The following aminos had solubilities less than 0.5 per:
cent by weight at «60° C and thercfore arc unsatisfac-
tory as fuel additives on the basis of solubility;
2=Msthyloxyaniline
Diphen;-lamine
Phenylenediaming
=Methyl~p-phi:nylenoediamine
¥, N-Dimcthyl-p-phenylancdiaming
N,N-Diethyl-p~phunylenudizmine
R . N,N'-Dimsthyl-p-phenylunadlamine N
Solubility in aviationh fuuls
(percuntage by weight)
Aromatic-free
Amine Aromatic-| grode 65 plus AN-F-26
froo 15 porcent by
grade 65 | volum: aromaticsl
o~Isojrcpylaniline >10 =10 >10
E-Isopropylaniline >0 .. 4}_ . 10 - >10
k-Tsopropyl-p—isopropylaniline >10 >10 >10
Cumidinse from synthetic cumene >10 - >10 >10
Cumidines from refinery cumene >10 >10 310
N=l‘uthyleumidines >10 >10 10
tert-Butylaniling 2.8 4,6 6.1
¥ethyl tert-but.ylaniline >10 >10 310
2,6-Xylid 4,6 11,1 9.1
N=-Mathyl-2, 4—x:ylidine =10 >10 > 1]
N-*ethylxylidines (from bromo- >10 >10 >10
- xyluner)
&.4-Diethylanilinu >10 310 >10
2-Mcthyl~5-1isopropylaniline >10 >10 ' >10
N, N-Dimethyl=~2-mothyl~5= >10 510 I 210
isopronylaniline
2,4,6~-Trimethylaniline 3.6 6.1 6,8
N,H~Dimethyl-2,4,6— >10 0 >10
trimethylaniline
Ps.»udocumidins (tech.) >10 >10 10
XiLIDTNES? (comrercial) 3.7 >10 >10

lpromatic mixturs consisted of five parts xylune, two parts cumcne,

and ons part toluene, -
2pata from refersncs 6,

NATIONAL ADVYSORY COM'ITTAE

FOR AZHONAUTICS
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Coolant-thermometer well
Insulating box

Bypass and volve

Somple tube

Three-junction iron-constanton
thermoplle

Dewar flask -

Stirrer

cold-junction bath -
Centrifugal circuloting pump,
vorioble speed -

Refrigerating bath

—© Potentiometer
with

© galuanometer

Figure 1. - Cloud-point apporatus.
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Figure 2. ~ Apparatus for obtaining saturated samples.
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