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F.K.F&S. Method for the Determlnatlon of the Bromin .

B Content in. Aviatlon Fuels;;.ffgf;in
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,fSYNOPSIS*’ Accordlng to the tuchnlcal spcclflcatlons for av1at10n fuels~
~and their oonstltuents, the freezing point of the ‘fuel should’
__not bemabovem-60°c. “This condltlon is not alwajs met.: At cons1derab1y
“higher temperaturca, the ethylenc bromide added to. ‘leaded fuels to- pre-'"'”
vent lead oxide formstion scparates as crystals, this may result in
»~dangerous lead dep051ts produclng corr051on in. the combustlon ohamber.; E

It is therefore necessary for the bromlne content of av1at10n fuels\v
'.to be rapldly determined from: tlme to tlme, thls can be done w1th the.
l‘method descrlbed below.v,;f ' :
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I - ATH AND SCOPE OF EHE TESTS.

~The antl-knock value of av1at10n fuels ia 1noreased by addltlons of
up to 0.125% by volume of T.E.L.3 -in the combustion chamber this is
. transformed into lead 0X1d9, produclng serious corrosion. The decom-
position of T.E.L. to lead oxidet)s2) is prevented by add_ng ethylene
‘bromlde,j in the presence of atmospherlc oxygen snd under certein tem-
perature - and pressure condltlons the follow1ng chemlcal rcactlon takes
_ place i

Py (Lo 35\4 s (cae)2 Br2 1602 P Brg 410 COp 5 12 H20

The resultlng lead bromide has a meltlng pclnt of 370 G. and is )
- therefore considerably more volatile. than lead~ oxide (melting point 800°C),
- thus minimising lead) deposition in the engine. However, having a ‘melting .
point of 8°C., ethylere bromide tends to separate at lower temperatures,
resulting in e change of the T.E.L.: ethylene bromide ratio in the fuel
and -en increase in Tead oxide formation in the combustion chamber. It
4§ therefore 1mportant to have & rapid method of determlnlng the bromine
content of eviation fuels before use, in addition to ‘“their lead 00ntent. -
To develop such a method is the aim of this works .- :
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"IT = DETERMINATION OF THE BROMINE CONTENT OF ORGANIC COISPOUNDS.

. +7 If en orgenic’compound contains carbon, hydrogen and bromine, .g.
~ethylene bromide,;éhe'bromine'must'be converted before analysis into '
{brdmideaions.f;;Thns;in;CaniusiﬁmethpdmthgwsubStgnge_in question is =
‘generally oxidised by heating.with fuming nitric acid in.the presence
_of-silver-nitrate_in.a. sealed tube and the bromine is determined as .
-'silver bromide. - We shall deal below with the most important. decom= ..

- position processes for organic bromine and with the quentitative . -
“bromine determimetion. . . oo ool

1, - Conversion of organic bromine into bromide ions. Organic,bromine

S S A ST ~ can be converted -
inta bromide not only by the generally applicable method of Carius but -
also by heanting with halogen-free 1ime3); giving oalcitm bromides. - 7

‘Other halogen determinations, €.gs Parr{§~bbmb4)3varewbased~Onm¢fw"
the oxidation or decomposition of the organic compounds at high -

! tempereture in a scaled tube or flask, in the prosence of calcium. —
hydroxide 2) or sodium peroxideé), 7). Simple combustion with oxygen :
in the preserce of sodium-salts may also be used, giving sodium bromide.

© .. A further possibility is hgdrogenatidn’iﬁ 350° to 40090.9): )
in a current of hydrogén’a£-400‘°£61450°C“10‘Tin presence of nickel
end chromatei 0. Tomicek end Ki Potakll) claim that quantitative
saponification can bo obtained with alcohol, cfustic sode and zinc

iom-

"*didhrqmﬁféﬂand”su1phuricfacid;;lipeyétingibeming,.which is led into

aqueous hydrogen peroxide .and- then-determined -quentitativelys—— =
Rapid quantitative décomposition ¢an also be :dchisved with hydrazine .-

hydrate and active palladium - NoH5O0H=D Np 4 2Hp ¢ H20 - the resulting =

hydrogen is used catalytically to convert the organié¢ bromine to bromide.

-

dust.  Giacolonel?) freats organic-bremine compounds: with; potas

[

8, General methods for the determination of bromine. The above
Coa e e : S MR ~ methods con-
- vett the organically combined bromine into ionss ~we shall now briefly
‘deseribe the familiar volumetric and gravimetric methods of bromide .
“estimation. ‘ el LT '

i

: ; The'gravimetric.estimation consists of prégipiﬁatiou asvéilverr
‘bromide with silver nitrate in presence of nitrit acid, filtering
through poreelein filter crueible; drying at 1109C. and weighings

_ E, Abrahaniezik end F. Bilimell4) developed a method, suggested
by Emich and Sohwarz-Bergkampf and based on Carius's work, in which
- ~Jena~ filter beakers are used for the filtration of the silver bro-
- mide. - These have the advantege that they combine precipitetion =~
~vessel and filter, avoiding volume veriations, end reducing the time
required for one estimation. An improved micro and semi-micro
‘variation of Carigg's.methOd'is des¢ribed by R. H. Kimball and -
Ho H-vWittenbergl . 'C.,Tiedckel/3 elso gives date on Carius's
method. R. Berg and E. Beckerl8) sugzgest using quinoline quinone
(5.8) - (8) - hydroxy quinolyl - (5) = im-ide (5), (indoxin)- as a
. precipitation agent. _ Bromide is usually determined volumetrically
“by. Volhard or Mohr's;9)'meﬁhod. The. former consists of adding a -
considerable excess of N/io silver nitrate solution, 5 cc. ferric- . -
~pmmonium sulphete and sufficient dilute nitric acid to meke the v
liguid colourless. ~The excess N/10 silver nitrate solution is back
titrated with n/10 ammonium thiocyanate. Mohr's method entails '
titration of a neutral bromide solution containing a few drops of..
potassium chromate. Red silver chromate is—precipitated .only when
the quantitative precipitation of the bromine jons is complete.
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“With strong oxidising agents in presence of hydrevanis- acid,
‘bromides are converted in acid solution into ‘cymnogen bremides

S Br-* ) HCN g CNBr > B

. Wiiiard‘and.FehWiékao)‘uéc‘péfméngénatei'Q‘ACCOfdihg‘tOTTffJ
Kurtnacker2l) the resultcing cyanogen bromide-c be -titreted as -
follows s= g Lol el e T : S e

| CNBr 5 BSp03™ ¢ H* = Br” + HON 4 840677

{17 - DETERMINATION OF THE BROMINE CONTENT OF AVIATION FUELS.

; Compared with the determination of bromine in organic compounds,
the new faqtdr:ih?%ﬁb@casenoiiaviatién»fuels-is,thht'ethylene]bromide
. is in sdlution in the fuel and at times only presont in very small '

‘quantities. Moreover, it is not possible to separete the gasoline
from ethylene bromide by distillation, -as the boiling point of
ethylene bromide (131°C.) coincides with that of the’ fuels.

, On-the basis of résulﬁé published; some familiar methods were

" used for the bromine determination in gasoline. . ’ T

- 1. Use of femiliar bromine determination methods undsr vnrious test. -
' ' R o i conditionse
(&) Decomposition of ethylene bromide by oxidaticn: In the
AR MRS ~ Berthelotr
Mahler calorimeter bomb 1 gn. of gasoline wis ignited by sparking a
gelatine capsule—in_oxygenﬁht’25*atm, pressure in presence of silver
“nitrate and slightly diluted nitric-acid; the resulting silver bro-
mide was determined by gravimetric and volumetric.analysis. Although -
only ebout 3 gm. of oxygen were required—for-the—burning-of-l.gm. of
gasoline and 6 gm. for, the capsule, as against 40 gm. available in all,-
earbonisation occurred in the bomb. - The bromine Pigures cblained.were..

/

T T Emsa

. toolow.. . - -

!
~ -

The bomb tests were continued, edding dilute caustic soda which
is convérted into sodium bromide. - The sodium bromide was treated in
‘nitric-acid solution with excess silver nitrate and the resulting silver
bromide dé%érminéa‘by;bEEk“titfatiﬁﬁ'with ammonium thicsyenate using
ferric ammonium sulphste as indicator.. R R
. These tests were also unsatisfactory as the bromine figures were .
too low; and the results widely different, owing to the reaction of -
bromine with caustic soda, giving sodium bromide, and sodium hypo-
_bromite. o ‘ - - LT

Brp + 2 NaGi =z NaBr ¢ NaOBr ¢ Hz0

Attempts were made to accelerate the oxidation with sodium per=-
oxide, but this also gave no quentitative results. ' g '
O ' . . ] S o . " i . ) }
- Further testS-WBrértakhiedjout-in a combustion twbe by “he Grotes:
~ Rrekelor method - 1 gme of gasoline conteining eout 103 s, of '
ethylene bronide is burnt in a current of air and oxygsn and the com=
bustion gases conteining free bromine are 1ed into N/10 silver nitrate
‘dolution, _ The resulting silver bromide, determined either = =~ -~
gravimetrically or volumetrically, was again much too lowg  The com=
_bustion gases containing free bromine were also led into N/10 K.I.
solution, and the liberated iodine ‘titrated with thiosulphate.’
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 Brpa2KI = Tpa2KBr

The promine figures were still oo low..

»»f(b), ibé6é5?6éiﬁi6ﬁ4of éthyleneibfomide.by‘hyd?o@eﬁatidniﬂ'Attembts
R e T T o R S e ~ . wére made
{tqﬁreduqelthe,organic bromine . in the Grots-Krekeler apparapus,with'hydroi

_gen in the presence of a cabalyst. ' l,gm.fof;theﬁsgmple[tohbef#ested is

7thvertqd,tb;hydrogenfbromidg‘by reduction at 400°C. in a current of -

‘titrated with alkeli.

‘obtained:with either catalysts . -

‘hydrogen in the presence of a nickechAtaIyst;‘qnd the -resulting acid
The reaction would be g Ty

| (CHp)p Brp + 3 gg/Ni-_c_atalysf = emBrs2CH

' palladiunwas also used instead of mickel, but ro H3r was

.
L

. (c),gﬂDecompositibn of ethvlene bromids by saponificetions

N ."’ -" ) ) s ‘ . ) - ) ' 20 l "\ -~ - o‘ ) “- ) .
‘Bxtensive tests on the decomposition ¢f ethylene bromide with ulcohol,
© zinc ayd_NaQH were instituted, on the basis of Tomicek epd Petek's

work, who reported on Jensky's methsd' for the determinatich of bromines”
This involves saponification by refluxing 0v2 ao ot The—subshance with:
25 c.c. of alcohol, 5 gmn. NaOH and 0.5 gm. zinc dust. ~ CGascline com=
“taining 1% by weight of thylene bromide wes refluxed for various lengths
of time, but all the results obtained were tno-low. B R f

2. .Deéompositioﬁ of;éthylene.bromide with potassiunm ethylaﬁé_inﬁthe"

S ' DA , R o . bomb.
. . . : . T ) W v I

- 1In the previous sepenification tects with sodium, alcohol and -
Zu dust the temperature reached in the reflux condenser vas insufficient.
for the quentitative decomposition of ethylene bromice. - Zecourse’ was '

_therefore made to. the bombs  Pobassium was used instead of sodium, and

it was not edded to the fuel separate from the alcchol, but es potagsium
gthylate, which is more effective than sodium ethylate.g_—Eigu:esl'shqws_

_ the bomb.with flask used for the test, and Figure 2 gives dimensions.

Thevfuelfundef test was put into a heat-;eéistiqg?glasé flask =
- (Figure 1), and heated to various temperatures in the bomb. - The box*
illustrated in Figure 3 is used to test four'fuel samples'at-once."

This arrangement allows very rapid continuous tests, - The bomb was =
brought to various temperatures and after a given time, a bromide-
determination done on the reaction mixture, consisting of fuel,

ethylgné~bromide.and potassium ethaylate -

Lo : ) o C . : 002 HE’ o
- (CHp)p Brp '+ 2 KOCgH; —32 KBr s (CHy)p :f: ( VHJ _

fhe organic reaction product is unstable,
N T R

e

IV - TEST RESULTS ON BROMINE DETSRMINATION IN TE SOWD. N

LA - LI C e ! N t - - - -
. From a large number of bromihé‘déf@?ﬁiﬁatidnﬁ’it“emerged”thaﬁ“ B
particular abtention must te givea “o make the bomb perfectly gos tight.
It is %therelove rocessary tc.cleaa the seay;of,ﬁhevcc&érfafter pach .
determination, prefsrably with ehlorolorm or ecebone. e
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TABLE 2.

~Determimsbion—of bromine contontof Teaded fuels,:

Y R ‘

Caw,

o SRR PR T T ER ' . ‘Reuults PR
_Description of fuel - T.EsL. - Calculated ccs.N/ie ‘Quantity of ethyl-'Brominelf
STt content ethylene: bro- AgNO3 - ene. bromide in 50- .. Content-
4 by wt. mide content used’ S cess fuels %o
% by wt.'«f‘ S U mgmS e % by'wt. by whe .

".:/:

.’}*29.95h2 1040599 - 0.0510
16,1 0. ,0334 0.0284
e 0.0336 . 0.£286-
60.85 7041217 - 0.1036
61013'“' 0.1223 - 0.1040

.Rumanian Gasollne o ,'0.1078 0,0626« R
Mo M 10,1078 040626 -
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1~%"~ | ;v"“i : 0-2157 = 0.1253

[ ]
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v e L
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15 78 . 0.0316 - 0.0268
©15.96 . 0.0319 - 0.0272
30,61 0.0612 - 0.0522°
1 29.95 . 0,0599° 040510
47,42 - 0.0948 - 0.0498

LLeuna Gasoline o ..0.,0539. - '0.0313
SRS Sl 00,0539 -0.0313. .
Cpnw " 0.1078 0.0626. -
om0 00,1078 - 0.0626 -
M 041659 0.0964 _
et T0,1659  0.0964 - 47.42 ‘0.0948  '0.0808
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moo 041659 . 0.0964 1 47.61 10,0952  0.0810.
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wooSoame oy 041659 10.0564 : 47.7 7 0.0954 - 0.0812
Mo M .0,0830- 0 0.04820 2451 23,57 - . 0.0471  0.0402
S om0 0.0830 0.0482 = 2.48 23.29 10.0465 . 0.0396
B s . 0.0830  0.0483  2.49 . 23,38 . 0.0468 . 0.0398 -
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W . 0,2017  0.1172 ©  6.10 57.28 © 0.1146 0.0974

" © .. -0.2017  0.172 6407 .. 57.00 0.1140 ~ 0.0970
" . 0.20%31 0.1180 - 6.01 - 5643 0.1129  0,0960.
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dutlTMetal ‘bomb with - glassrflask for bromi“e
‘deuermlnatlon 1n avaablon»fuels.t R

o FigoEo

Fig.3.  Metal box with four metal tombs. -

aiFig;4;~r¥; ffect ‘of bomb. temperature on determlnatlon
of* ethylene brom;de 1n a Leuna gasoline._





