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a Influence of/ sulphu:c compeu@s on the ant1—knock value
e = and the resudue formatlon of 1eaded i‘uel L
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“addition of sulphur cmpomds does in fact have a nct unappreciable
. effect.‘ T o ‘ v P
_ ; In the fellowing,h-the ini‘luence of: sulphur compounds on'thcl g
.:anti-knock Jrelue is shown w:.th ‘the aid ’Jf oxperimental results. ol
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1 I. gtetement of the prcblom..

) Nowadéys alm@st all aviatlun,fuels are: rOV1ded w1th | smell
‘eddition of. - {meximum smount 0.125% vol.) in order to
incrense the/ enti-kuock vrlue.; ~Thts incresse depends on the compo-rl
.Biticn:of the base fuel, e.g.. 1t is known that fuels contelning large
empunts. of/gr mrtic substences aro ‘not- £s 1ead. sen81tive as pure naf ﬁ‘

peraffin gesolines. ,~3r‘,, S ::-.} u_,”.,ﬁf ;u,. . ,:;

v Slnce PViEthn fuc]s ars sub;ected t\ a speclsl raflning trent-
ment, one. shuuld 1nvest1gste vhether traces: of sulphur such as mxght
be. keft by reflning ngbnts contnlning sulphur Wnuld effect the anti- :
knock vplue. S O AT I S S e

.8 F. Birch and B Stansflald (1) the cerriud out experlnmnts 1n
this directzvn.‘kah oy found. thﬂt tho lead sen51t1V1ty r‘f fuels depends
‘ on uhelr degree af purity.- ]. ae »

s M.S. Krfmsky e&sa fzund thot smnll emcunts of suf/uur reduca the -
1'1ead sen31t1vity, “the 1cﬂd tatraethyl heving e very much Venker effect.

e ‘_1-

: It 1s pnrtlculerly 1mpmrtant tu Pnrr th= dagree to whlch the ::
cyebious’ sulphur compounds: affeet- the: leaded fuuls.' The.. 1nfluence of.
t-lubricatlng cil ct ntplnlng sulphur hPs rl 2 t bc clarlfxed. ": SRR

- : At thc ‘seme t1m° 1t is prvp-SDd s anbStlgBtG vhether gum form-‘
: rtion is increesed by oulphur e els unds in e mbln?tlﬂn w1th T.E.L. =
» tatreethyl lead o T S 1-‘, g fmﬂmui_rw

_-f-«—v-r

Finelly it is. pr DuSud t@_lnvustlg?tp“thc 1nfluence of. light on’ .
_the deposit: fgrm;tlon Py lcﬂdud grsolines contﬁlnlng sulphur compvunds'
‘ the m;st favor ble stﬁrpge Clndltluns arg 4t Eb 1nferred therefrom.

Rt

”;II. Scloctlon ﬂf fUUlS -" ) .f «'va"‘fv o 'fammﬁéy"

.

Fuels ware 5ulocted sv.ag to prcv1du lsrgo differunces 15 compo-'
SItiun ¢néd henco in xctPne numbers. The f\ll’Wlng fuels were used.%
.I? Gasollna Ne.l 71th octcno numbcr 41 5 (bsse fuul purcly
. parsfflnlc)
2. Gasoline Nu.2 with octana number 74.5 (Launa~hydropetrol)
3. Gasoline N..3 —ith octeno, number €4.0 (besa fuel naphthalene -
Roumanian gesollnu).' » v ‘

: Another th commurci°l av1at10n fuels - B 4 fuels -.yere employed
in the experiments. (gmsclin? Ncs. 3 ‘egpd- 4). .Tho nnelyticrl dateﬂqf W
tho five fuels: 1s trbuleted in T?ble l..- T B ' =

III. LePd sensit1v1ty of Puels end the offact rf sulphur campounds'
‘ on the enti-knnck v*lu». .y; SRR S ‘;« ’

- Flrst thﬂ fuels 1 tc 3 vcr uxnmlnod w1th respact to their leed
sensitiv1ty.f For this purpdse, vericus Pmﬂunts of lead. tetreethyl
——uaru added to the fuels in the f"rm of ethyl - fluid: : the octane, number
wes determined in the I.C. ‘test engine.'. _Furthermere, the effect of )
-*the—sulnhur‘CCmQOunds*thi 3hﬁn3, earbon dlsulphiab and ethyl msrceptansry

* on the fuels 1 2.5, \~rs tusted.‘ T g e e T

Lo



"‘Of fuels- Vo
T f‘The gesollnas 1 2, :
: of ethyl flui& succe551vcl ,«@nd the entl-knnck VﬂlLe’of theryprious fuel

L o 05, vol,, A ,th»rl uum 0. 0326 vdl. % Po(C H0)4
o 0*.‘1' N A n_‘*"“f“ s 0. 0653 CLEREE e

‘g?ddﬁ,ﬂ” ”f‘“ ;fﬁf”‘ el

' Tu, verleus velues of the anti-knock vslues can be seen frcm fig.
1 to 3"* S PEEE T S _,Aﬁv ,,lerfuf_rx :ﬂr,r . .
T kS The ‘oetene number f v the: highest leed content, .04 an. Pddition '

‘cf 0.15 vcl. %-ethyl flul glves qn~octane number cf 73.2 for gesoline 1 .
(rithout ‘thicphene sdfitisn): for-gasoline”2 the octene number becomes

: Oh 5, end- for gesoline 3, 74 2.. It is 1mmoﬁ1nt~1y strikkng ‘that gesoline-
"3 is'not .as leed ‘sensitive es- the oty 1ines 1 and 2, Gesollne 1 is the
mcst~sen31tive. . Thls desd sens1t1vity 1s dependcnt solely’ on the compe— ‘
sition 2f the fuels, in.which the ‘sulphur present in the bese fuel of

¢ourse, pleys e-consife rablefpert—{teble~i+———————*—

When 0 Oo le.,;f thlnehane is nrced the octane numbcrs fnll; .
for gPsollne 1 to 70,0, for gnsﬁllnﬂ 2 tn 88, 88 and for grsoline By
- with an edditien- af 0. l vel.. thlcvhune, $5:73. 7..~ Thus we registar a -

' ; ﬁimlnution of the cctane number ~f- 3 2 units for gesoline 1, 2.7 for

gasuline 2 end 0.5 nlth gpsol1ne 3, with'- d:uble the amoun of thlc— .
+phene, ' IV, is thus faund” thﬂt~su1phur éﬁd—lced have—onpus1te effects
on the enti-knock veluo.-a~ C R

a

If the sdditiun cf th;ouhene 1s“tpken stlll hlghcr e further .
lowerlng °f the octanc numbar occurs..3 When 04 of thioph np is acded:
~ (wuich.does not,. however, oceur .in nrcctlce), the oct ne. number: for
.gerscline ) fells to 66.0, for. ‘gesoline . 2 te. 80, 0, end for gﬂ5uline 3.
$3-76.6. ‘Hzre it.is strlklng thet for gescline 3 the. octane. number
_only fells by 3.6 units in spite of the high additicn of-z%—thluphene.
Thva besahne 3. reacts least b th tu‘laBQ end to- sul“hur.

T

R o
2. Effectref leﬂd tetr thyl PnF cerbun ’isulphide on tha Pnt1~kncck
*j velue Cf" fuels. 5 e

: Czrbun disulnhlno ‘was 1ok used in ulace ‘of thiaﬁhane.~' 1t can*be"
seen from figs. 4 to € that here too the antl-knock vélue degreases. .

For example gesoliné 1 giveg the octane number 63.4 with.0.15 vol. 4.~
othyl fluid snd 0,10.vol. 9 arbon disulphide, . Under the same conditions
"the octane nurber .for gasoline 2 becomes 85.8 .and for- gasoline 3, 72.6.
“The~octang numbers ‘decrease cerrespondlngly as:the additions: increase.-
‘The lowering of the octene number by carbon d1sulphide is larger than

that due to thlophene.

3. uffect of lead btraethyl an&fethyl mercaptan on the antr-knock
value of fuels. ’n

VL n$hylfmercaptan was used as- @’ further sulphur compound. Th
~ethyl mercapten was added to the. various fuals under. 1dantical cqndit ons
andethc anti-knock value wes. determined. ' : : '

-

When 0. 17 vol. of ethyl mcrceptan is added to gasollna 1. +
0. 157 voh. of ethyl fluid then’the octane number falls from 73 2t Q



l"»’4 'Inf1uenc€

63 8 (fig.7) f;Uhder the seme condl+ionsvgasollna 2 only has ‘an. M
octane’ numhor of 84,8 (flg 8) and oasollne 3;*the octane number}vz 0
(fig 9) AT ‘ i

SRS 'Keeplng tho proportlon of lead tatraethjl ccnstant tha octane
numbsTof gasoline 1 falls g 43, in the presence of 29, vol. of .
othyl morcaptan’ (f1g.7), for* gasollne 271t fells £0.73.8" (£ig 8), an¢~
t0 '64.0 for gasoline 3 (flg,e) Gasollnekl thus almost ‘reaches ‘the
antl—knock value '0f the bass gasollns, forﬁgasollna.z the. entl—knock
value is less than ‘Shat of the Bese zasoline, and: it ramalns at about
thc same valuo as thu nas ' PSOllﬂu for g°sollne 3.-- S , .

Compared to thloph sne snd cerbon d1sulph1de, et@yl mercapten has
- -the lergost denros31ng of*ect on tho octsne numbur..g;». _ah,‘ s

oﬂ sulphur compounds on hlghly loaded avlutlon fuels

L The effects of thlophena corbon disulphide end ethyl msrcaptan
wero testud for two" commorc1°l Pv1(t10n gesol1nes of octane numbers 9 .0
(gasoline 4) and 87. 9 ( nsoline*ﬁ) T O T
T X - - /
: The;dcpr9831on of the oct?ne number 1s,about equrl for. each
gasoline for aqunl addltlons of tho varlous sulohur compounds._gf .

";:— Hore too tho affect ‘on the two gasollnus is loast in the case’,
of’ thiophene and. 1Prgest for ethyl morcaptan.,f The -octene number of .
gpsoline 4, Tor exanple, is 72.8 for & 2% vol. addition of ethyl mer-
cepten,. ‘wheraas with 2% vol.-of *hlophnnc ‘one still ‘has e velue' of 82.0.
The behaviour.of g?sollnc 5 is oult" sim1ler 1n\the presence of sulphur «
compounds (flg 11). “ L A S _

5. Compar1son of the aflocts ol sulpnur compounds

--On comparing f1gs. l‘— it bacomos qulte GV1dent thet the vprlous

-sulphur compounds. tested have dlfforsnt offects. - The Pntl-knOCk value
- of. all the gasollnes exrmined. docxecsos on . ?ddinlon of sulphur com-“'

pounds, always 1n tha follorlng order ; AT G

= CH

l. Tth hene
P CH’

2. Cerbon dlsulph1de (CSg)
3 mthyl msrcaptsn (CzdssH)

The proport1on of sulnhur in ssch of theso may easily be calcu~'
lated from the" chcm;col formulae, thus = B : _ R e
Al AT,

Tthphbnu contolns B8, l? s

(Trenslstors note.1 “this

-should be 84.2% end thus

effeets subsequent nrgu-
" nmnts) ‘

Garbon‘d;sulphido Sull 42, l%

Ethyl msrceptan i K 51 ed’ : - ‘ ";wﬂf:iﬂ”vl :
_ Thus 1t seems thet the moin fsctor in the depressxon of the
octsne number is the em gnt ‘of  sulphur” otécurring in the verious com-
pounds.v_ This expsrim~n 2l result -is confirmed by the work of LM
Hendorson, W.B. Ross end C.M. Ridgwey (3), - They show-by mgens of . .
prscticel experiments thet gssolinos treated with sodlum p b1te Eﬁp



jﬂsulphur need more tetraethyl lead before attalning a certsin octane
~number - than gasol1nes treated ‘with sodlelLyd:Cﬁidc only. ~The: amonnt
oflead’ tetraethyl required also falls 1f one 1;Lelposes an. ‘alkali

=treatment. -~ The;lead sens1t1vity increasey’ with’ thc amoanp of msrcap¥
qtan—sulphur—removed by the alksl1.washinc.’ : e i

The—follow1ng CODClUSlJﬂ° may te drawn from detailed consider- -l

'atlon of the exnerlmeu*al results. ~.j.“u_;_; e

R Gasollne 1 ‘fh au uetane numbsr of 41,s hs Th° gre&test lead
‘sen51t1v1ty “an’ o*tpnc numper ot 75 “is reoohou by an eddiition of
‘0,15% vol. of ethyl Il"~d whish: ia en increese of 31.7 units.- - GeSOf‘”'

ﬂ'llne 2 with the rels: ely hlgh o\“sne number 74 5 reaches- @l“S“for
-the' seme 1eed1ng, tbus heving risen.by 17.0 ‘unitsi - Gesolrna '3 with

.&n octens: number of 64.0 is- le?st lead scnsitive: w1th en addition of.
.0.15% vol. of ethyl fluid 1% ises by only 10.2 unlbs. reac:hing 74.2,
“Thig- increase. of the octans: number is to bg regqrdod es -sm*ll, pertiou-‘
“lprly” for the resson that the leed’ sens1t1V1ty of" fuéls is gsnorally
}largor with decreasing oct°ne‘number of the bess gPsolino.. Accordingly :
>in gesoline 3 which is from Roumania., thsrs mist be’ componxmts~present
. from therstert which ‘strongly dspross the lgfd sensat1v1ty , ThlS is :

- actually the case, for on comprring the elémentery enslyse s of" g(so-

--lines 1 to 3, it"is ntoones strixing thet’ the gosolmU 3es such elroady
;"contslns 0.025 by “01ght of.. sul hur. e '

. lee thv loed son51t1vity, the sulphﬁ”‘san51t1v1uy doponds -on
. the base gnsollne. “If is truc that the °nt1—knock value of- the un-
‘-lsod d fuol° ‘is eff ected ¢n a ‘difforont degrec to the antl_—Luoch value
- of leaded. fuels, . Neverthcless o distinet dopres51on of whe ootene
O mimber is: ‘observed, especieslly when ethyl merceptrn 'is.rddied (table
2). . Thﬁ\sulphur compounds thiophene ond: enrbon dlsulphldﬂe on the-
'other hrnd do not notlce?bly Tevour nnockjng. Sulphur soens1t1vity
-end lead” sensit1v1ty rre“ccrrolotod in such a wey thet high sulphur N
hssn31t1v1ty corresponds to high leed sensitivit y and eonversely. .
~Gesolinel; for ‘oxemplo, whose octene number is raised very cons1derably
when lesrd tetresthyl is ndded, has 2 lower ontl-knook raluc. then. sulphur
tis’added to the leaded ruzl, Gasoline 3 which is only slightly lead
-sensitive,, -is effccfcd only slightly by sulphur, cspeeially if the .
additions ars: smPll Gosol1n° 2 tekes up o mlddlo position betwesn .
.gasolines 1 end 3. - The octe no ausber of =11 leeded. fuels may be-
reduced to ncerly the’ valus’ of tho besice gasoline end- sometimes even -
~bolow it by . ths 1dd1t10n of lrrger amounts of ethyl mercsptsn.=‘_'

;IV. Gum fornwtion of fuels ﬂnd the 1nfluencs of sulphur compounds

' Tho gum fornwtion of fu°15 hes psrtioulnr 31gn1f1c9nco for tho »
operetion of -an engina, for on'this eccount the piston” rlngs end velves.
‘mey stick. For this reason &-fuel must not yield more thon 10 mg/lob co.
‘residue . (gum content) on- ovaporptlon. A
In this connection we ask ourselves to whet extent sulphur eom= -
pounds play @ port in gum lormPtlon. : ‘ o '
S, Gum content of thu unlssdsd fuels and tha ef fect of sulphur<
S compounds : . .

Thsoeffect of sulphur compounds on"the residue formption
WES tested for the basic Tuels 1 to° 3. 'The oxperlmonts show that
gum contents exceading 10 mg/lOO ce, do not secur. even for lerger
edditions of sulphur (tﬂblo 3)e This is probably due.to the boiling °
-¢hersetoristics cf the orgenic sulphur compounds. : Thiophene, for
ex»mple haS'P boiling point ‘of 8400., ethyl morcaptan boils as low

o



a&s. 3‘?°C end carbon disulohidc with 46 c also has 8 1ow boiling point.
. For: this -regson. the: sulphur prosuuably goes -off in’tho. vapour phese’ .
5'from tHe - glass dish.,  One- would have tc carry cut o-ccbira_mexperimcnts'
. in order to-ascertain the behaviour of the. sulphur calpoundé\ln a- ;
closed combus@ion chember, | There do no% - thus- see“ t2 e arv chemical
reactions at atmospheric prussure.;; T;;»-.~ S AR :

:v.v,/ : PRI el . G .
' Gum fcrmerwon of: leaded fuels and the 1n11uence of sulphur

: - compoun.isr . C !
: .'{ Surprisi /,-,as aouttiun o3 vlecd setreoiiyvl (meximum amount - .
0. 0079” vol, corregigncln* t0 0.15% vol. ethyl fluidl dogs not produce
‘an appreciablo increasce of gum formation (table 4), 211 the gum ~velues .
dmnzq;%ﬁﬂﬁﬁulﬂlmgzlgp cc. - Leter sxperiments, howcvor s.show that by
storing the lend\d fuels, deposits era formed which con51st mainly of
Iead - selts. He shell denl with this phenomonon 1Pter. S

. F If the lssdcd fusls ere now mixed w1th the- sulohur compounds
. thiophene, cerbon disulphide, end othyl msrcaptan, then there is mo.
wincroascd—gum formetion herec oither ‘es mey.be scen from’ tables 5.t0.

" 7. These low gum velues mey rgain be dus tn the. fovourpbls/b0111ng ‘
’?charecgcristics of the org?nic sulphur ccmpﬂunds uSUd.-u- ) ' .

R The gum volues ware sinmly obtqlned by evoporatlng the fuel -
7in'th 1Pss dish undor otmospheric. prcssure. Tho effect both -of
%ho . i creased. pressurc end the motpls: present must be taken into

- eccoun ‘for:the operation of the cnglnc. . Chemicel rosctions may
.ceeur here. An 1nstrumcnu is tacruf“rc belng developed for the
‘determinetion of the. gum content,'uhich ~3uld tqke into_sccount the

engine conditions.

. 3Be ESthPtan °f - thu gum contont of fuels 1n lignt~mct91
dishes : 3

To approech the conditicns oétrin1né in uhéweuvlne in eu S
least one: respact light-metol PllOJS were euplovcd in pleco of glass
sldrshes. ’ _ . L

. TnGSc prullmlnrry experlmants #¥ere cerrisd out. with only _
one highly-laoded B.4 fucl. The gum velues entered in tebles 8 to
© 10 wers obtained in this way, ‘The gum velues sre consistently higher
then those found for tho glass ‘dishes.  The cffect of the boiling
peint- of the sulphur ecmpounds =21s0 becomes of dimlnishing importence,
Thiophene, which boils st 84°C, scmetimes shows lower gum velues.than .
thoe lgaded g»sollne 1tsclf {teble 8): -cerbon disulphide, on the other
hend ‘which boils ot .46° " con31stcntly giv“s ‘highsr velues .(table 10},
,Tuase velues indicstc thet it is the sulphur content .of tho verious
”compounds thct dctcrminos tho gum firrntlon. ‘ :
;V. Irflucnco of lignt on the Fnti—knock value of leaded gesolines,
' contsining sulphur - ‘ el L - 7.

i

Already during °EI‘llf‘1‘ oxp:.riments it had becn observed that in
- dﬂylight deposits ere formed in leeded. ‘fuels which mry sometimes ceuse
& considerable lowering of tho enti-knock value., It:is true thet .
this depos1t formetion and the lovering.of tha octene number connected
with:it do ‘occur on: stcring in- the dark, but only to. = slighter extent.
Tdis phenomonon dopcnds cn the composition of the fuel.q ’

It is’ striking thet dcgosit formstion for leaded. gesolines :
'ontaining sulphur sets in very quickly in deylight, bdbut ccmes to an
md in-e short time. Tais influence of doylight on the onti-knock
alue wes only. tested for grsclinoe 2.7 0.1 to 29 vol, of the sulphur



c“mnounds mcnti)ned Dbrv;-"ura adccﬂ to tho gss*llne samplcs leeded -

'tc verious dogrses (0405 to 0,154 vol. ethyl fluid).  The Pnt1~knock~_

~velue wrs meesursd bsfore fnf efter oprsuru b3 Tights— the tests being
errried’ sut for-8 deys in deylight. Flg 1z glvas the detene! numbers

1._rupres=ntad by an Prea.

before ond efter expusure lorgrlng of the octsne number alwnys being .

s

Vg S”mDLJS mith thiophene and ethyI‘mercpptan °dd1t10ns shc"cd only-——

a slight diminution cf the octenc number after: @qllght exposure;

»semﬁles 7ith réditions of. csrb)n ulsulphlﬁe shav e duite con51derable
“diminufion o octrnu number, . When, for. ox?mple, 27 vol. 68 B
;“carbon’ dlsulphiae wrs =2dded to.s gesoline semple lesded Tith 105, 159
wol, ethyl fluil theoctrne number wes depressed. from 77.0. te 70. 9._
. Tnese experimental results, surmerized in fig.12, elsc confirm thet
o the comp031t1ﬂn of the lended. g"solina is extremcly 1mportent for—the—
prucipltﬁtiun uf thu leged rnd thus fvr the dCCTGaSv ofﬁthe octane no,’

- VI. Sunmary

T 1w9d and sulphur uen.:1t1v1tles of- fuols or various compo-'

“sgiticns with. respsct to knock-reting end Tesidue-formetion were 1nvest1-

" gated. . It wes Trund thet the sulphur 5un51t1v1ty so_wall cs the lePd
: sen31tiv1ty 1ncre‘su rlth ‘the purlty nf the fuel. = . S

' The testeld sulphur crmpounds have. Ncry.unf varpble effect on
le?ded fus gls, thz rnti-knock velue bblng not 1ncons1der?b1y decrensed-
by even smfll smounts. - Of the ‘sulphur compounds selected, viz.,.
thiophene, cerbon ;1sulnh1us, and cthyl murceptﬂn, sthyl mercepten
hes. the lrrgest and thicphene the smellest effect.  One mey infsr that
what mAtters is the proportlan of sulphur in the vsrious sulphur com-

'pounus. -

Th= gum formntlon of | the- axemlnud fuuls is not 9ffacted by the
e@ditich of- thlophenc,\csrben disulphide or ethyl mprcrpten vhen the .

;gummcontant 4s determincd in the glass-dish eb-emospheric pressurc.

Higher_contents aTe 1 eys obtalnea ‘vhen llght—metal clshes are used.

- Leeded fuels erc llgbt sen51t1vu. Thls becom»s appsrunt :hen .
preclpitPtlon of—iead selts oceurs on- 111umin?t10n thus lowering the

“roctene number. - This light s3nsitivity depcnds on the composition of

tho leaded g?soline. . The light sensitivity is raiscd strongly by the
addition. of =mﬂ11 emcunts of c?rbon dlsulphiée.j ;

-

: Figures .

-Fié.'l:_ Influence of thlophenu on the anti-kankfﬁelue’cf the leaded

gesoline 1. -

Fié.ﬁéi; Influence of thiouhcnr on tha autifkndék value;of the leaded/4

Fig.3 iu'Influencu of. thlophanc on thv qnti-knbck“vnlue of thé loédei
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TABLE I

 Physico-chemical properties of.the tested fuels
. v B

N

L
|

'Wuter ;oluble components

Den31ty @ 20°C g/cm5
Refractive Index

Gum content ’
'@ 1100C mg/lOO cm5
| @ 22000 mg/lOO cm®

" Dlmethylsulphate No.+
{cromatics and olef1ne§9
vo1M.7 5 S

\Anlline Point °C

Ndphthene content Vbl. AN
- Initlal 30111%g Point °C v

Volume dlstilled
-] °C {
~357 f
>q50\ )

o5% " “*”
: Flnal 3011ing P01nt °C.

EE

. [ Vol ¢'.
) Mean B01ling Pllnt e

. Elementary Analysis.“
c ht.,y. . ‘
'H ;\tt. ¢

Swte % \

Gasoline .l

Gasbline 2

Gasoline 3\

Gasoliﬁe 4

Gasolins 5

i : ‘.

Golourless | Colourless! Yellowish- i .Coloured blue with a dye
0 o 0 ﬁ',‘ Yo
0.7111 0.735 - - | 0.726 0.7242 0,734
1.3996 . 1.41¢g8 | 1.4093 R S
4.4 3.9 3.0 oS N 2.4
3.1 1.1 1.5 1.%k ‘ 1.2 .
S SN *3
€.2 12.0 12,8 . 1{0.a . 136,
65 49.3 53.5 55.2
16 1e 48 Collae
67 44 40.5 50.0
81 C ol 86 50 - 64 ( -
98 104 88 82.5 -
114 i 135 120 o 101 o 1105
142 159, 169 - . {1185, 1 17147
1585 1€0.5 - | we . -lf1s0 " | 1556
97.6 1 96.5 97 =, ||97.5 97.0
108 12406 105 . 1]93.9 98.4
847 . | 85.8 85.2 . 1/85.9 8646
15.3 . 14 ¢ L1475 o .{|12.05 13.3
0,002 0,007 0,025’ 0.003 ! 0.005




TABLE z”

Influence of sulphur ccmpéunds
on the ant:.knock value of. gasollnes 1 to 3

] “’Olc‘ts‘ane‘ nﬁ‘mben on‘ additich of|
S T T e 2%ol. % |2 vol. %2 vol. % |~

Octene number = - .- Tniophene ".08p . lethyl |
© lof base Tuels i - 7. " |mercaptan.

. |Gesoline 1. as | a1 |4l 38,0

'Gasoline 2 74 5~_v45 3.4 69,0

i
Gusoline 3 64,0 | 64,0 | 621 578

TABL

o

‘Gum cdntent of three dii‘ferent fuels
‘*‘n:mgf.’wo—cc"m—tha prascnce of- laad ﬁetraethyl »

T Gasdlina 1 GasoI'ino""'z‘":"““'“'Gé"éﬁi'i”ﬁ:e. 3

‘ 1100|2200 | 120%]220% 110°¢220%C}
;tgyzoi’lufd“ 37 1.2  " 0 .6  '0;2 an 3_..3 0.5
ity ®| s | | s |me | el
;'tgyi ‘f’fnd% 3227 ' 57 5.0— g '5.3 R

‘.’ t.‘> .07,. . . ,-., .
o 15 VOI../O 4,40'9_7r 4-4:—..~_~ 607 ‘\2.0 7

ethyl fluid | 4,3 1 2.8

A TABL - 10

{

: Gum content in 1ight metal dlSCS
under the 1nfluence of - ethvl mercaptan o '5

'.Anof ®GY | .EC g4 |. BC 138

Terpeoraturs: 1109¢ {220°G | 110°C{2200¢C | 110°C izao°c
o a " Gum content in. mg/lOO cmd '

" | kéeded gesoline |, 55.7| 24,27 56.5| 10.9 | B6.2 2042}
1+ 0,01 vol. & R M B R :
. ethyl m\'rceptan 120.5 68.3 117.0 4508 11008 7804
. ¥ 0.05 vol. % . . L . : “‘_ - . - K ) : :
ethyl mercaptan 118.9 70.4 114.5| 42,5 | 114.2] 75.3
feolvol. g | . |- SO DU

. Gthyl mercgptan 124-2 72.5 126.8 ‘6949 119.5 \72-3

1+ 1.0 ol g

110.5] 40,4 |100.2 45.6 | 111.2| 49.6

athyl mercapten



TABLE ng_

Gum content of three dlfferent i‘uels .
in mg/loo cc. in the presence of sulphur comoounds

R Gasoline 1 Gas ciine 2 Gasonne 3
— v”"” 1100¢ zzo?cﬁﬁ;;oeg,zzogc 110°c zzo°c
+0.1-vol. 7 Thiophens | 1.3 | 1.0 | 1.4 fo;avfrﬁs,o. 1.0
05 M s 2,6 1 1eB 1.9 0.3 60 1.0
H+ 1.0 n oo me 18 1.0 1.2 ] 0.6 1 7.0 | 1.6
;_+‘z.oa‘v e w S E ] 1.4 b 1.7 0.7 407 1.0
1+.0.1 vol, & CSp 2.7 1:0.7 | 1.3 0.6 1 4.5 | 1.0
+0.5 0 mogw 5.6 1 1.5 | 1.2 ].0e4 | 44471 1.5
+ 1.0 " Ten 2.6 1 0,7 | 1.l 0.2 | 4,11 1.2
42,0 * n w 3,0 10,8 ) 1.2 | 0s4 | 5L | 1lad
Withowt additive - | 3.7 1 1.4 | 0.6 | 042 |-3.3 | 0.5
1+ 0.1 vol. 7~' R T O L A
1+ 045 vol. % T T P 40 . L
_{ethyl mercapten . = 84610 1.2 . 1.0 1 0.8 i 740 | 1.2
q+ 0 vele g N RS - 3
lethyl mercaptan ;g 1.9 1009-1 1.9 1 1.5 5.6 4 1.2

\TABL 7

Gum content of 1eaded gasoline (gasolme 3)
in. mg/lOO cc. in presence of sulphur compounds - .

.Gasoline, _3 Gasoline 3. Gasoline 3
+ 0.05 vol. % i+ 0,1 vol. 4 + 0.15 vol. %
ethyl fluid - ethyl fluid - ethyl fluid " 1*
Vol. ¢ in'i _ o T o =
sulphur = 0.1 2.0 . 0.1 jzno"f\-‘o.1wefz.osf—.<'f
» compounds | . i ERP - :
Typaof |
“|sulphur - i~ Gum content in mg/100 cm3
Jeompounds-{ oo oo
Thiophene L o .
1@ 1109C | 7.4 7.8 7.7 6.6 8.0 10.0

@220° | 5.5 . 6.5 i 1.4 1.7 6.2 647

@ 110° i 8.7 8.9 - 5.3  €.5. 846 1l.1-

8 2209C. i. 6.5 - 4.5 1.4 1.2 5.8 6,7
Ethyl ~ @, 3 ' ‘
mercaptan L ,

81109 . 5.9 6.7, 7.5 7.6 €.6 7.3



TABLE 5;

- Gum ‘content of leaded gasoline (gasoline l)
“in mg/lOO cc. in the presence of sulphur compoundsf

] T
’ R Lo i H ' Bl
R A B E Gasollne l + O 05 vol. 4 .1 Gasoline 1 + 0.1 vol, 4 | Gasoline 1 + 0.15 vol., %
R N - ethyl fluid +- sulphur "1 ethyl fluid + sulphur 1 ethyl fluld + sulphur
compounds S TR I compounds © “cobmpounds.
. . - g % £ 2 - ’M - T .
J-Vb*‘*f oo  *'0 ol‘qusio 1 6l5'i:b 2 o"\h 01'0‘65 0.1} 0 5 1l6'é o} 0‘01'0'05? 0.1 '6-5~1-o 2’5 '
| suphur comubunds It D it DAl b 2 WGl Rttt S Ses S e T b i s e b
Pyme | of - - NPT ‘o B T T
"isulphur compounds ,Guu ugntent‘ln mg/lQOacu_E. i
l‘Tﬁiduhéne:f SRS B S S R PR , .,.N e : o .
+lg 1109¢ 1.5 1.2 11.411:2/1.0/1.4 | 5.1 12.0 /2.8 €.6/1.8!8.4 | 2.6 /4.0 | 4.9} 5.4/5.33.0
g@_nzo°ci: 1.2 1.1 11.1/0.4/0.270.4 | 1.5 1.4 0.8 2.2/1.112.8 | 2.3 3.4 | 3.4 1.6/1.3{1.4
@ llOOC' 8.1 (1.8 j1¢7{1.6:2.1 2.1 3.9-9.5 7.5111.3;€.2:{5.7 4,3 12,7 '5:2' 7.314.4]4.2
o) ?zooc ; 1.1 {1.2 10.6/1.111.0/1.0 | 2,2 14,1 14.4} 6.314.3{3.0 | 2.2.10.8 | 3.2] 3.4{2.3]1.4
: L o b . S R S e s 1 "
muhyl mercaptan L N IR R A N - . S G REEERNE S AT SN S
811006 -} 8.1 2.7 14.0[2.912.612.1 | 2.1 2.5 [1.4] 5.2]€.112.5 | 11.2)7.4 112.2111.1 6.1 4.
@ 2zooc 2.9 (2.6 12.9{2.6/1.9/1.2 | 1.171.9 {0.7) 3.3/3.5]1.2 | 7.2 (4.6 | 8.0 1€.0{3.0]2.0.
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TABLE‘G

Gum content of 1eaded gasoline (gasbiiﬁé 2)g_' ,
‘in mg/lOO CCS. ;n tnc presence of sulphur compounds .
» — - T —

A'i',
Fog

RS TR T S Gasoline 2 + 0.05 vol. 7 'Gasoliﬁé;éflio_l;VOl. 4. | Gasoline 2 +'0_15%',
;w;€:_" o “7 ‘ethyl fluid . PR L ethyl fiwia 0 1. ethyl fluid

T T U TR
.. H . [ - PuEt

_ oL, %16 | o.01l0.050.110.5/1.0/2.0 | 0.01{0.06{C.1/0.5/1.0{2.0 | 0.0 0.05!0.1]0.5]1.0;2.0%
Vi,J_nhur uﬂmnOgnd31 N ST AR P ) RS _ I

R

vﬂiype;o; sdphar Lo 0 % i»/ iGum ‘content in mg/100 c
;;POmpounds }:f“”: »#. S L . o
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~Alloy

.Ieaded"',
‘ gasoline

.,ch ; __

Temp era’cure

f110°c!22

R Gum conte

Ll

0 01 voi

thiophene“j'

e fﬂ55;7:5
+ 0 05 Vol. 7
: 171110.!?116'116’ -

- 4. 0 5 VOl.yf ‘:,

Ba T

80,21 1

.J‘l © A B L o]

Gum conten in 11ght metal dlscs }j

uﬁdcz the 1nfluence 01 ca“bon dlsulphwde':

Alloy‘il S
i Temp erature.

) ECY

110°c 2200c§

pG 124
110°C 22000

EC 138"

L -

" ‘Gum con

tent 1n

1109C 220°C | -
mg/lOOlcmzi\

+

+ +fs+«7+f

) ‘Leaded gasclme v
0.01 vol. 7 CSg

O 05 vclo o CSz
041 vol. %4 oS
0.5‘ vol. %

0. A qSé.
1.0 vol.r%‘csg'

24.2
49,7
50,2
113 59.2
102.4| 45.8

115.5
_116.5

'56i5'~lb 9.

562"

1105.5° 2L.1
105.7
‘lQﬁ.SQ

7| 18,7
23,7

16120
"f\ﬁ ;

,100‘4rf

107.3

. 63.0] 26.1

64.9

19.4
13,4

1079}
615,






