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. INTRmucrmN

A general investigation on the suitabilityy of aromatic amines
as antiknock additives in aviation gasolines is being conducted at
the Cleveland laboratory of the NACA at the request of the Army Air
Forces, Air Technical Service Command. The present report is the
second In a series dealing with the low-temperature volubility of
aromatic amines in aviation gasohes. The firct paper In tie serke
(reference 1) reports tests and results far 1$ aromatic amines. The
antilmock effectiveness of 2-percent blunds of various amines in
AN-F-28, Amendment-2, fuel (grwb Z30) ts reported in raferencw 2
to 4. Reference 5 presen$s tests and data on ths suitability of
amine blends for overwater stora~~

The purpose of the present report is to present thelow-temperatum
volubility in gasoltie of 24 aromatic amims. TM solubilitios of
the amhes at -60° C, the standami freezing specification for current
Army-?Wvy atithn fuels, was a particular objective of tha tests.
Solubilitieswere datertied at temperatures as low as +%0 C and h
concentrations as high as 10 percent by weight. These conditionsare
mora sewuw than those specified ~ the Army @ the Navy and thar~
fore pernrlta critical avaluaticm of tho suitability of aromatic
amines as fuel additiv~s on the basis of volubility alone.

Becauea gasoline composition affects
tlw amine solubilities wera determhed in
a gasoline of known aromatic content, and
investigationwas cotiuctud between March

the solubllity of the amines,
an are-tic-free gasoline,
a typical *F-28 fuel. The
and S3ptembsr 1944.
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SPECIFICATIONS

The fuels used for the present investigation are
those used in reference 1; theti compositions are as follows:

1. Oracle65 base stock frcunwhich 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 peP

cent by volume of an aromatic-hydrocarbonfiure of five parts xylene~
two parts cumene, and one part toluene

3. DMferent batches of AN-F-28, wfi~n-z, fUSl (grade 130)
contatilng 12 to 20 percent aromatics

The ph~sical properties of the amines tested are given h table I.

APPARATUS AND PRKOX?RE . . . ...

The cloud-point apparatus is illustrated in figure 1 and the
apparatus for obtaining saturated samples is shown in figure 2; they “
are both described in reference 1.

The incipient-separationtmperaturs, or cloud point, was detar-
min~.dwhenever possible with blends of known amirm content. In cases
wh~re supercooling made the cluud-point method unreliable, saturated
gasolinu samples were withdrawn frcuuthe mixtures of gasolina and amine
and ware subsequently analyzed by one of the two methods describd in
r:f=rence 1.

RESULTS AND DI.SOUSSION

Fi&ures 3 to S present the solubilities of the amlnes in each
of the three test fuels. Any amine concentration lying above the
da~hed line at -o C failed to meet current Army-Navy frwzing spac-
tfications.

No data for amines moru solublu than 10 purcunt by weight at
-@n Cwtjru obtained or plottti in thu figures. Tha=-amti& includes

-~Isopropylaniline
~Isopropylaniltie
WIsopropyl-@s opropylanillne
Cumidines from synthtic cumene
Cumidirw from refinery cumsne
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lMdeth@umidine s
N-Methyl- -tert-butylaniline

5N-Methyl- ,~lidine
IMetlqi=lidlhes “’‘ -~ - ~ -~ .. ---...

2,4-Diethylanlline
2-Methyl-5-isopropylaniline
N,?3-Dlmethyl-2+nethyl-~-isopropylaniline
N,lMMmethyl-2,4, 6-trimethylaniltie
Pseudooumidine (teoh.)

Beoaueo -phe~lenediamine and N-methyl~-phenylenedlamlne were
?leas than 0. peroent by weight soluble in the test gasoliiwa at room

temperature, no additional solubili@ data were taken for these oom-
pouuds. The N.N f-dimethyl-~-phenylenediamlne was soluble to the extent
of 1 to 2 peroent by weight at room temperature but was too unstable
to permit aoourate moasurenont of volubility by the method employed.
lf,N-Diethyl.~-phenylenediaminewas tested only in the aromatlo-free
gasoline.

As has been previously observed (reforonoe 1), the composition
of the test gasollnes has a marked effeot on the solublll~ of the
amlnes. At any toniperatum, the amines were approximately twloe as
soluble in the aromatio gasoline and In AN-F-28 fuel$ whioh oontains “
12 *O 20 pprcent aromatios3 as in the aromatio-freo gasoline.

A summary of the solubiiltioa of the aromatio amines at -60° C,
detorminod by interpolating or extrapolating tho axporimontal data, “
1s prosonted in table II. Tho data for oommeroial ~lidlnes, obtalnod
from referenoo 6, aro inoludod for comparison.

The volubility of an aromatio amine in the arormtlo-free @so- ‘
llne at -600 C my be taksm as an Indication of tho maxtium oonoen-
tratlon inwhioh the amine may be added to ourrent aviation fuels
sololy on the basis of solubili~~ The aromatio hydrocarbons present
inmost of tho ourront aviation”fuels muld provide a margin of safety “
In preventing sepration of the amino at -6oo C.

CONCLUSIONS-

Tho followln.gamhos moat present k’my-Navy fredsing spooifioa-
tlons when blcmded with aviation @soline In oonoontratlonsup to
2 peroont bywolght:

@sopropylnnillne
-Iaopropylaniltio

#-Isopro~l.~-isoyopylanillne
Cumldlnoa from synthetio oumona
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“Oumities fmm refinery cumene
N-Methylcumidlnes
p-tert+u~lanil.ine
kklll%l- -tert+butylaniline

&n2,&xyli r
N-MethyL2 ,k-xylidine
N-Methylxyl.idines ‘ ..
2,4-Diethylaniline
2-Methyl-+isopropylaniline
N,N-Dlmetbyl-2+nethyl-$isopropylaniline
2,4,6-Trimethylaniline
N,N-Dimethyl-2,

?

trimethylaniline
Paeudocuurhihe tech.)

Aircraft Engine Research Laboratory,
Na$ional Advisory Cmmittee for Aeronautics

Cleveland, Ohio, November 17, 1944.
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TAELEI - PHYSICAL PR-TIES OF AROMATIC ANI?WS

Alnin%

--l%opropylaniline
~Isopropylaniline
N-Isopropyl-@s opropylaniline
Cumidties from synthetic cumene
Gmldinas from refinery cuene
?Wiethylcwnidfiles
~~ert-Dutylanillne
*YS=yl~tefii-btylanllti
2,6-w1idin~
N-Kethyl-2,4-X-llMne
?+~ethy~l.idhes (from broro-
xylenes)

2,~-lliethylaniline
2-lfethyl+-isonrop~.Laniline
N,lJ-Dimethyl-2-methyl-5-
Ssopropylaniline

2,4,6-Trimethylaniline
N,HM_met.hyl-2.4,6-
trimetbylaniline

P&~.Wri.jC’flLiCli~U(Lech.)
2-F-:t.ncxpniline
Diphefiylatine
~Fhenylenediamine
N-Methyl-~phmylenedimine
N,WDtietml-&phe~~lenedimtie
N,N-Diet~l~phenylenediamlne
N,N~-Dimethyl-~henylenedlamine
—. .— ..— —

ilcilingrange
at 760 mm Hg
except where
noted

21+220
225.5-224.5
24&247
22+226
220-2+;
237.5-241.5
96.+~~ tit5-6 ~
24<.<-249.s
21A-217
221-222
22Q-227

241-242
240-242
e4at5mm

l.lClat 15 mm
213.5

22’+241
?24-2~~
k..P.l = ;2.9-53.6
Y.?.l - 140.0-142.(
121 at 5 mm
100-111 at 4+ mm
117 at 2.< m
117 at 1 mm

.

Index
of
refrac-
tion

nD20

1.5484
1.5432
1.5209
1.5448
1,5434
1.53?0
1.5388
1.5348
1.~616
l,~m;42
1.5:a

1.5433
1.5408
1.5.124

1.5502
1.5116

L.P;68
1.575~
—.—
-—-—

1.6,21
--——

--. -—

-— ---
—.

Density
(gains/

A
3.9643
.9514
.9075
.9536
.%31
.9366
.9446

.9305
;;;:;

.?5a6

● f)~ll
● 9436
.9020

● ~~1~

.?066

.5’720
1.u931
-——.
----—
——
—--—

-— --

%elting point (WOP,) meam~ed for this solid tite?.d of boiling
range.

MTIOI’UL ADVIWHY C’Ol@.!ITTJli
FCl?AFJ?WAVTICS
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“l%efollowfng 8min~s had
cent by weight at -60°
tory as fuel additims

lUcAm NO.Ew17

OF ARoMATIC AkCtWS AT - 60° c

solubilities less than 0,5 wr-
C and therefore am unsatisfac-
on the basis of volubility:

%M~thyloxyaniline
Diphenylamjno
~Phmylenediamhe
N+ethyl -p-phimylenodiamin~

I
k=--
i~Isopropylmillne

I
l+l%opropyl~is opropyl.aniline
Cumidimw from synthetic cumene
Cumidines from refinery cumene
N+:ethylcumldines

IN%t-iYl-2 ,4-xylldine
~N-!*thY@lidties (from bromo-
“Xylunes)
2,4-Diethylnniline
2-Msthyl-5-isopro~laniline
N,N-Ilimethyl-2~thyl-S-
isouro.vlaniline

2,4,6-Trimethylaniline
N,N-Dtithyl-2,4,6-
trimetbylaniline

Pswdocumidins (tech.)
~iLIDTNEl?S2(commercial)

Volubility h aviation fwls
(psrcuntaguby weight)

Aromatit-free
lro?uatic-gmde % plus AN-F+
ktie 15 ~rcant by
~ade 65 volums aromatlcsl

>1O >10 >10
>M) ...
>10
>10““
>lo
>1,o
2.8
>lo
4.6
=10
>10

.. . >10“
so
>10
>10
X.0
4.6
>10

11.1
>10
>m

I >10
>10
>10
>10

%

I ;:
ao

I
>lQ

>~() >~ i >m
>10 >3-0 I

I
>10

>10 0 ao I >lo “

3.6
>10

m) I >-1o I

I >10
3.7 >10 ~lo

1

%kromctic titura consistad of five pnrts xyltine,two parts cumone,
and one part tolueno: . ,.

2Data from refermca 6. c .NATIONAL‘ADVTSORYCOM’13?TAE
FOH MWNMITICS
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Coolont-thermometer uell :
Insulating box
BYPOSS ond uolue
sample tube
Three-junction iron-constonton
thernopile
g~yre:losk .

Cold-junction both
Centrifugal circulating puap;
uor.ioble speed
Refrigerating both

Figure 1. - cloud-point opporatus.
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Figure 2. - Apporotus for obtaining soturoted somples.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

-,., ,,, —.,., ,,,,,. , ,,. ,, ,,.,..,.,.,.-..,, ,, ,.,,- -..,, .



t4R Ho. E4K17N&C&

NATIONAL ADVISORY
,COMIITTEE FOR AERONAUTICS

‘.

10“

+

I I 4

,..3

/ NH>

w
cfi ;

NH>
~

NH /

w

/ /
/

c-~*

-- --- --- -

-7
0 2 4 6 8 10 12

J@ne concentration, percent by weight
Figure 3. - 9olubllltyof aromatic amlneB In grade 65 batae stock with the aromatic

hydrocarbon extracted.
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‘i&base etock and 1, percent by volume of an aromatic m,xture .Onsls%ing of
e k. - Solublllty of aromatic emlnes in a blend of 85 percent extracted grade

15 Parts J@me, 2 parts cumene, and 1 part toluene,
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- Solublllty of aromatic amlnes In grade 130 gasollne.
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