E ’.Ehe Effecte of Peroxidee in Lthe Engine

— —w-—'.‘—end their Determination.

; sz_mpeie:-- In ord.er to teet the reactions which take place in the engine 'be’aNeen

.__»the correaponding oxidetion products euch ae p roxidee. aldehydee, _ketone, ‘and. ,‘ " L

"j'acide. The peroxides primarily formed are already preeent in many fuele or are
formed d.uring etorage. '.l.‘heee peroxides 1ower the anti-knock value and a.lso

frequently cause heavy gum formation in the engme.' It wa.e abaolutely neceeaary

to determine the quantity of the active oxygen contained. in 'che peroxidee of T
'different-composition.r In tho experiments described in the fbllowing‘,_.renort
. based on Koch & Pohl'e (1) work the peroxide - content wae at i‘iret determined by

- J'oule er.d.Wilson'e (2) thiocya.nate method.b"“-Ae the reeul’ce were not entirely

Y

"'"-eatisfactory, _eome improvementé were suggested. : nerimentally aemonetrated and

confirmed.
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| “_;,:1. Influence on knoclc behaviour or’ ignitability.._;f“
: 3 ‘ Influence on gum formation and eorrosmn. B
'»8._ ‘ Tests on the oonnection between tﬁe chemical compoeition of»tl-de,._.._.e
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1. Ferroue thiocyanate ae a reducing agent in ecetone—water eolution

‘ (reducing solution I)

‘2," Ferrous thiocya.nate as 8" reducing agent in elcohol-water eolution

' (red.ucing eolution II)
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V. :'_,ji';:,fComparJ.son of the reducmg solut:.ons I and II and the solu'b:.lity of the ,
- ":i":_.}peroxldes.@‘ ,' ' R

: I The chemlca.l compos:.t:.on oi‘ the peroxldes.

Peroxldes are chem:.ce.l compounds wh:.ch contam act:.ve oxygen in the
molecule._‘ Hydrogen peroxzde - H2 02 - is. a s:.mple example > and me.y be '

: cons:.dered as the f:.rst reduct:l.on product oi‘ the oxygen moleculee . ‘l‘hn.s o:qrgen
molecule conte.lns two o:gygen atoms ;f.‘:l.rmly l:nked together by means of two un:l.ts
of cova.lenoy e.ccordlng to the i‘ormuld 0 o 0. ‘ Under the 1nf1uence of reduc:.ng
agents they are not sepe.re.tedI but com’b:x.ne w:.th these subste.nces vuth part1e.1
0pera.tlon of the covalency forces to form peroxides R oo, where R is-an- f: .
ox:.d:.sable inorge.m.c or organ:.c substance, or hydroperox:.des H - 0 - 0 - H. .

: .s The v:.ew that in. perox:.des the oxygen :.s d:l.valent and not tetra.valent
as e.ssumed in the formule. O O\E a.s proved by the i‘ollow:.ng experzmente.l i‘ac’ts.
ethyl peroxlde :- Cz Hs-- 0y = c2 H5 V{a nd - 'benzoyl peroxide'- Ce Hs, co. Oz.‘

_ GO CS H5 ; ‘are smoothly deoomposed 1nto e.lcohol Cp H5 OH and benzm.o a.c:.d

06 Hs C 00 H respect:.vely by reduct:.on wn.th nascent hydrogen. . ‘I.‘his can

only be reconc:.led w:Lth the- corresponding i‘orxmlae - I

¢, H. - 0 _'»’o".".fc‘“ o er G He. CO —_;‘0’* 0 = €O Gy Hg .
H . H_ :—-‘ e ol . L e H WMH:,“ . . ;

respeotively. It does not—agree—wn.th \che assumption of tetra.valent oxygen
) e R oo R ~
according to wh:.ch - AR » ,;?_y;ﬂ_.\ T ‘

02» 35 -0 - CyHy  or_  CgH; CO.- 0 = C0.CqH5

respect:.vely should result in ', I a
diethyl ether : Cz Hs - ca H5 Lo e.nd

'benzo:.o acid e.nhydrlde 5= 06 Hs. 60 """‘"'*0 CO g 06 H5

respeotively.» '
II 'I‘he effects of perox:.des in the engine. e

Rt Ini‘luence on the hmook-behe.v:.our or the' igni.te.‘o:.lity..

The peroxides already present in the i‘uel ‘or formed in the engme are important
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in. the’ oombust:.on in the eng:.ne. “ Some soient e.g. CALI.ENDAR (3), »

:BENNET e.nd MARDIESS (4) e.nd BERL (5) e.ssume the.t the peroxides a.re formed dur:mg
- _~the compress:.on stroke on the surfe.oe oi‘ i‘:me ﬁuel droplets. o ‘l‘he 1arge a.mount
oi‘ energy of the perox:.des 1gn1tes the whole surrounding m:.xture 1n spontaneous

combust:.on and thus ce.uses knocking. :

Th:.s perox:.de theory 1s 'be.sed on the assumption tha.t a.n oxygen molecule

can com'bine With a hydrocarbon molecule ’ ‘a5 shown-- o i

. i A . SN SN

e—
m—a—

'.Ehe extent oi‘ oxida.tion depends up0n the chem:.co.l structure of the

hydroca.rbons. The format:.on oi‘ perox:.des :.n the cyl:.nder during the compression

stroke under oe/rto.in oondit:.ons of pressure e.nd temperature can. be demonstrated.
. vAddition oi‘ ant:.-knook additives to the fu.el prevented the i‘orme.tion of peroxides.v
o Addit:.on oi‘ 9. perox:l.de on the other ‘hand. ouuses en e.nt:.-knock i‘uel to |
knock. Thus H. SCHII.DWACH‘JER (6) shovred 'the.t the oetfme num'ber oi‘ a gasohne : ,
depended upon the ‘active oxygen oontent of the peroxide in question. , At. '
1048 mg O per 1:.tre the a.nt:.-knoolc value of a fuel deoreased by, 19 un:.ts of
octane number. The tests desori‘bed le.ter show however tha.t this fact should not
lea.d %o the general conolus:.on that 1 mg of act:.ve oxygen per 11tre oe.uses a-
certain decrease of- the octe.ne number. | : ‘
| Thus in gasoline eng:.ne fuels 3 peroxzdes cause. knooking H in Dlef el .
eng:l.nes they often inorease the ignitabillty of Diesel fuelsr /'d'
v‘ AW. Sohm:.dt (7) has listed the sequenoe of the effioiency of peroxides
in Diesel fuels a8 i‘ollows 1= ., ,~ ‘ '
\ dimethyl peroxide
) ‘diethyl perox1de _
diaoetonedi—peroxide ’
mono ’,hydroxy diethyl perox_ide
e.oetyl' benzoyl peroxide |

- tetralin ‘pero’xide -

2 I nf].uenoe on gum i‘ormation e.nd corros;on.

The peroxides are not only :.mporte.nt f.‘or the mere combustion process ”
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- they often have also the'undesirable property of causmng gum formatlon a.nd OO!‘I‘OSJ.OD.

e.coord:.ng to the:.r oompos:.tlon (6)

In study:mg the antoxldat:.on a.nd gum formatmn oi‘ i‘uelerOCK (8) ‘first

ca.rr:.ed out tests W:.th tetralln and cyclohexa.ne. 'l‘hese tests gave a.pproxlme.tely

207 prmary oxldatlon products cbns:.stlng pa.rtly of peroxldes. ._' The ox:.d/atlon ofv

“cha.n.n olef:.nes was - generally more d:.ff:.cult. The mono ole:f.‘:.nes i‘ound e.g. 1n f

jsynthetlc gasol:.ne aTs Partlcularly sta.ble. e

1

“_' 1*—4Ehe deo:.s:.vee._'i:‘ ""“tor i‘or the ste.b:.“l:.ty 1e~the—-posa.t—10n—of ther double bond.

€ Congugated dou'ble bonds are extremely sen51t1ve to oxygen, whllst"two dou'ble bonds

g'whloh are fe.r e.pa.rt act 11ke mono-oleflnes. o Cychc d:.-oleflnes W:Lth con,)uge.ted

»double bonds are less stable tha.n the al:.phat:Lc d1-olef1nes.

Apo.rt from the gum forme.ta.on oi‘ i‘uels the:l.r corrod:mg efi‘ect is a.lso

: proba.'bly ce.used by der:.ve.tlves oi' the perox:.des formed 1n1t1a11y.

3. 'I‘ests on the relatlon betvveen the ohemoal compos:.tion oi‘ perox:.des .

'

e.nd. the knock-behav:.our. : ‘

(e.) Cha.:m - peroxldes.

'_ The sol"‘b:.l:.ty of most pure orge.mo peroxldes in gasol:.ne is’ very slzght

. mak:.ng a su:.ta.ble solvent necessary in eaoh case. - Thus 8 207 solut:.on in alcohol

was me.de in the case of dlhydroxy ethyl peroxlde 5 nd added o the ‘Le‘ gasol:.ne

:m quantmt;es of l to 107 by r volume.

The mi‘luence of the solvent - 1n th:.s oe.se a.loohol - on the ant:.-knock

value of the Leum gasohne was i‘:.rst tested R a.nd from the knock va.lues of the
e.loohol“:- da.hydroxy ethyl peroxzde - Leuna gasol:.ne blends the ‘effect of | -

| vdlhydroxy ethyl peroxlde on the Leuna. ga.sol:o.ne - alcohol blend oould be i‘ound. '
On a.ddlng 27 by we:.ght of dlhydroxy ethyl perox:Lde, correspond:.ng to 0_8 peroxlde. .
'. content of 5241 mg Oy per 11tre s _1t was found that the anti-knook value drops.

: It reduces the ootane number by 84 3 un:.ts (flg.l) | S R '

_) F:.g. 2 shows the ei‘fect oi‘ a.cetone perox:.de on’ the a.nt:.-lcnook value of
Leuna gasollne. ‘l‘he solvent used here Wa.s benzene. ‘v The e.dd:.t:.on of 0.6 97 by

Welght of acetone peroxide (- 'bs.sed on the 307 per volume oi‘ benzene oonta.:.ned in

-the Leuna. gasol:.ne blend - reduoed the oota'ne number by 9 4 unlts. The oontent .

'of a.ctlve oxygen Was 2982 mg 0, per 11tre in—thxs~w., e _ -
Compared w:.th dlhydroxyethyl perox:.de the k:nook promt:.ng ei‘feot ofl .

aoetone perox1do - and the measured act:.ve oxygen oontent is /essentlally gree.ter. ,

i
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('D) Cyclic Perox:.des.

Solutzon of cyclic pe ”ox:.des _1n‘ the f.‘u.el proved st:.ll more d:.ff:.cult

’l‘hus a.t most only 18 2 gms cf benzoyl peroxn.de could 'be dlssolved :Ln 100 ccs.
benzene.' Addlt:.on of l 827 per we:r.ght of benzoyl perox:.de to e. Leuna gasol:.ne -
_}_"benzene blend conte.ln:.ng 107 'by vol. oi‘ benzene ge.ve 8 decrease in antl-knock '
ve.lue of 5 3 um.ts of octa.ne num'ber. ; (i‘lg.S) A st:.ll greater reductlon b

(6 5 un:.ts) was hcwever o'btalned on e.dd:.ng 0 1827 per we:.ght. o Thus benzcyl

peroxlde needs only a small e.dd:.t:.on to g:Lve :.ts me.x:.nnm drop ::.n the octane number.‘i

The so]’.ub:n.l:.ty of d1benze.ld1perox1de 1s even less. ' (i‘:.g.4) ": In th:.s e

-"ce.se only O 04.-% per We:.ght - conte.lmg—%? mg Og per l:.tre - cou‘ld‘ -be: e.dded to

a I.eune. ge.sollne ‘blend conte.lnlng 107 per volume oi‘ acetone. ﬁe the octane

. Jnumber dropped only a. 1:.ttle » :L.e. e.pprox:.mately the sa.me e.mount a.s on e.dd:.t:.on

of. 0 0147 'by we:.ght oi‘ d:.benze.ld:.perox:Lde.__. Thus dlbenza.ldlperox:.de acts 1 -‘ |
vfundementally in the same we.y a8 benzoyl perox;Lde y only the knock effect produced '
_'by a small quantlty oi‘ addit:.ve, is’ greater w::.th benzoyl perox:.de. ‘ : E

_ F1ne.11y the effect of tetre.llnperoxlde on Leuna ge.sol:.ne was tested. T
; vOn add:.ng 2% by wezght - conta.:.m.ng 5900 mg 02 per 11tre —'the octa.ne nu.mber
dropped by 9 um.ts .(flg.5) Even wzth e. very small addlt:l.on of perox:.de, the '

ei‘fect :Ls e.lso here cons:.dere.ble. lZ{.‘he e.bsolute ei‘fect :anreases with :mcree.se
v B s
in the e.dditlon of tetralznpercx:.de. R

rDhe results obta:.ned for the four orgam.c peroxldes show tha.t the

cod

decrease of the e.ntl-lcnock value is caused not only by the e.ctlve oxygen content :

in the perox:.de but the.t the mclecule.r structure is also of :unportance.

B

III. Methcd of determinatlon of peroxldes.

There a.re some ree.ct:.ons ‘by wh:a.oh the presence of perox:.des or’ e.ct:.ve
| oxygen respect:wely can’ be proved. | Such rea.otn.ons hewever, e.re cften only use

quallta.t:.vely. The cxide.tlon of hydrogen 1od1de 1n gle.c:.el acet:.c o.c:.d should

be mentloned as an example . the la.beruted :.od:.ne ‘oe:xng tltrated w:.th sod:.um

thlosulphe.te. Slnce iodine is lcnovm to ce.use side-ree.ct:.ons, lower ve.lues are

obte.ined in th:Ls method a fe.ct conﬁrmed ‘by the. exper:unents ef WINDAUS and

BRUNKEN (9) and e.lso of HOGK ‘and SUSEMIHL (10) ' HOGK e.nd SCHRADER (11) examned
the decomposzt:.on of :.ronpentacarborwl by tetralmn peroxide, Whmh takes plo.ce

a.ccord:.ng to the followxng ree.ct:.on -

2Fe (co)5 +13010 Hu OOH Fez o3 + 13c10 Hn os + 10002

B



The partloular d:.ff:.culty ‘i “that ron’ ox:.de i85 produced a.s

collozdal solut:.on e.nd can therefore not 'be flltered. : i

o Y. R. NAVES (12) descr:.bes another method of determlm.ng the peroxldes

£

:.n ethereal oz.ls. : In thls the perox:.des are reduced m.th sto.nnous chlor:l.de s a,nd ~::

the hydrocarbons i‘ormed ’ a.re extracted w:.th petroleum ether ‘ The excess stannous"

chlor:.de :.s ba.ck tltrated vuth / 100 :.od:.ne solutlon 1n a. hydrogen atmosphere._, L

WTh:Ls method does no app r to 'b ompletely sa.t:.sfactory—-o.ocordmg to the

'experiments oi‘ Hock and Schro.der (11) s:mco the extract:.on is- oompl:.cated. e

' 5 Stannous chlor:.de wa.s reta:.ned a8 a reduc:.ng agent 1n develop:.ng a.nother
o ,met‘hcd o:f.‘ perox:.de estme.t:Lon, nd only the titratlon of the excess stannou.s '
' ,‘chlorlde Was a.dhered. Th:.s sto.nnous chlorlde method ) worked out by Hock and
i Schrader (11), has a.lready 'been found satlsfactory, as also has Joule &: W:Llson's
't}uooya.uate method (2} : T LT o

_ The' th:l.ocyano.te method is based on the oxlda.t:.on of ferrous thlocye.nu.te
‘_‘_accord:.ng 'to the equa.t:.on-- “o I " i’f“ “_"- : -
3 Fo (scm)2 e %02 l; 2 Fe (scN)3 ¥ Fe 0.

The ferr:.cth:.ocye.nate formed is t:.tra.ted wrch t:.tan:.um trichlor;de. -

'l‘he 1ast tWO methods 'm.ll now be d:.scussed in greater deta:Ll - "

f‘(i) ' The stannous chlor:l.de method.

’l‘he stannoxv.zsuchlorlde method is partmcula.rly Well sulted to the est:.mo.tlon
‘of pure peroxldee. The perox:.de values of i‘uels 1t g:.ves are found to be much
10Wer than those o'bta:l.ned by the th:.ocyana.te method. R, . e
v Accord:.ng to Hock and Schro.der's da.to. :.t is. 1mporto.nt in the stannous '} '
‘chloride method to be able to titro.te the excess stannous chlorlde quant;tatlvo‘ly.

Ferr1c chlor:.de (13) Was used in pla.ce of :.od:.ne for the oxidétion. ‘-'-.;:/ , o ;
Indlgo carmine proved the most su;ta.ble 1nd1ca.tor as 1t g:wes a good colour e

- change from yellow" %o “blue

4

'I.‘he follom.ng solut:.ons are necessary for the stannous 'chloride method-- )

) (a.) Approx / 5 -»stannous chlorzde whiétr must be kept in an atmospherew i
e 'of €Oy 1 ‘beoause of the—*a.ni‘luence—oﬁatmospherm mygen- = ; |
» ('b) / 10 - ferrio ohlorlde solutzon made i‘rom iron ox:.de and hydrochloric
e.c:.d ‘z;.s t:.tr:unetr:.c standard- » 2 R o W :
| = (o) »-% - :.ndzgo..oamme solut:.on,

@) hydrochloric ac:xd (dens:.ty d ='\1 13)

: '_'6,:" :



After standardieing the stannous chloride solution the peroxides are

estimated as follows.

The air had 'been displaced from an Erlenmeyer flask with carbon dioxide,

and 10 ccs etannous chlcride solution added followed by 10 tc 20 ccs. cf the fuel :

‘to ‘oe teﬁ?&f caroon dioxiue—te—oassed through and the flaek heated in a Water

) bath 95°G for 5 minutes with shaking. . In the case of fuels of low boiling

e plis A

Et;point a reflux condenser should he fitted. ,_,‘The flask is then cooled down to g

’ .room temperature by immersing in cold water for 2 minutee.‘ 20 cce hydrochloric L
e.cid and 10 dr0ps indicator solution are added end W1th 002 still passing through i

the excess stannous chloride hack titrated. ‘. The indicator usually changes here ,

4

- to "dark green"

'rhe indicator ie destroyed if the perox:.dee he.ve not 'been oompletely

""reduced. and no colour change ie B'btained. Ueing the stannoue chlcride method~-~;

T “up ‘to 9’7% of the active oxygen can be determined in the case. of pure peroxides. :

,'_(2)»- 'l‘he thiccx;_m_;te method.‘, Er W

i‘he following solutions are neceeeary for the thiocyanate method'

KIS :--'-*\.1_. .

(a) Re ducigg sclution - _b |

' 5 gms. ferrous eulphate, 5 gms. ammonium +hiocyanate and 5 ces . concentra;ted

aulphuric aoid are added to 500 ccs acetone and 500 ccs water. and shaken vigorously 3

for 5 minutes' - T s R,

NOR [100 - titanium trichloride solution -
10 %0 11 gms. of 15% iron free titanoue chloride solution are added to
N

one. litre of water and standardised agamst 100 - ferric chloride solution'
(c) [100 - ferric chloride solution - o - 2
798.4 mg A, R, forric oxide are dissolved. in 5 ccs hydrochloric acid

L]

(d -1 13). The solution is then poured into 2 gro.due.ted flesk conteinine: 70 acs
| of the same acid, and made up to one litre with distilled water. B |
The peroxides estimaticn is as follow\s.- ‘ | :

7 1o ccs of the fuel to be tested are added o 50 cas of the reducing agent and
v1gorously shaken for 5 minutee. v '.I'he ferric salt produced is titrated with
N/ioo titanium trichloride solution. The vclume in ces of N/100 titanium -
trichloride solution used gives the neroxide number directly after correation,
viz. mg_"- equivalents of active oxygen per litre of fuel. ; The correction ia

, necessary because at higher concentrations of" 'ccroxides the reoults are- always ‘



low. It is assumed the.t 'm.th a peroxz.de number oi‘ ':-':.O _the value o‘bta:.ned agrees

.;perox:.des ha.ve e:.ther to 'be d:.luted

m.th the actua.l content. , Sa.mples rlcher

w:.th e. perox:.de free gasollne or the actue.l perox:.de content obte.:.ned from e.

correot:.on curve.o_ But even when us:.ng th:.s correct;on curve one should only use g

gasollne sa.mples W’-th 9- Peroxlde num’ber below 10. o g

Experlence ga:.ned in usmg the thloove.na.te methgd__, S

L The th:.ocye.nate method wes fzrst used exactly a.s desor:.bed by Koch and
Pohl (l) Apart from the great 1nsta.'b11:.ty of the i‘errous th:.ocyanate - acetone .

~We,ter solutlon (reduclng solut:.on I) e.nd the t:.te.nlum ‘trichlor:.de solut:.on, no >

pe.rtloular d:l.sa.dve.nte.ge could be i‘ound. : ‘l‘he reduc:.ng e.gent Was protected from
e.tmospher.:tc oxygen, by storlng :.n a brown flask 1n a nltrogen atmosphere. _ }‘,In; -/ ~f- 

spite of th:.s precaution the i‘ector of the solut:.on changed conszdere.bly even :.n
R - ° L . : M . PR G . M
the course oi‘ one day. L PN S '. ORI kﬁ L _‘_7‘;_

The tlte.nlum tr:.chlor:.de solutlon beha.ved s:.mllarly. : It was. qu:.te ste.ble

1n1t1a11y but ai‘ter a sllght turb:.d:.ty he.d set 1n, 1t g y ‘became qu:.te useless._

Not mnch Was galned. by tests on the stabml:.ty of t:.te.nmm trlchlorlde :m presence s
yb-rf-‘_bv—a-— . - -

of nltrogen, carbon d:.oxide e.nd oxygen. : The perox;dc ve.lues were genere.lly

—compmblm’xrthe‘*chms——a% the start, 1.e. on tho f:.rst da.y, but after th:xs,

- :|.t was found that. the ta.tan:mm trichlorlde could best e preserved in nltrogen.

bottles i‘:.lled vuth pyroga.llol Were connected bei‘ore the so—called "Derone." burette
(f:.g.G) e.nd ‘the tztamum trichlor:.de solut:Lon covered m.th a 1ayer oi‘ nltrogen.

(l) Ferrous thlocyane.te as a reduclng agent in a.cetone -

. water eolut:n.on (reduc:.ng solution I)

The perox1de determ:.nata.on by ‘the th:.ocyanate method Was at f:.rst oarrled

B out with arbltre.rlly selected fuels, end it - was found s “in agreement with tho

—

results o'bte.:.ned by Koch e.nd Pohl (1) s that the reproduc:.b:.hty of the results

was very good. (Te.'ble 1)'“‘

o

‘I'e.ble l shows tha.t oxldatmn of i‘errous th:.ocye.nate 'by perondes took
place both on’ shaking and on refluxlng. As Wlll be' seen later ’ oha.ngee had to e

.made in order to determ:.ne the pure organic peroxldes quant;tat:.vely. » The rosults .

i

~obte.1ned i‘rom the tWo methods of trea.tment do not dlf.'fer much for the fuels g:wen :

':mthe Table 1.-4- .
The thlocyanate method was age.:n checked with pure’ peroxides. It was

8
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,found that the cyclio percxideiw io 'dfﬁAeoordan

t° K°°h and P°h1 (1) 1tzvsipossible to gvercome these dlffzcultzes to a large o

;extent by etrong dilutlon or use of eorrection:curves'?"Extensxveitests on

tetralln peroxide, a opmpound also examzned hy Koch and Pohl, shOWed that approx:-

3mate1y 907 of the active oxygen can be determaned at a suztable dllutlon., Wlth

‘benzoyl peroxxde, however, only about 40% could ke

obtalned‘vary for each solutlon or dlluent." The curves show furthermoro thaty ‘;
experlmentally determlned peroxlde numbers helow 5 do not generally agree W1th
those calculated in eaoh case. ThlS means that for each test a speozal correctlon
'ourve wculd have to bo plottod. Only for peroxlde numbers in the ne;ghbourhood
iaof 1 d:d erperlnental and calculated values nearly agree ro;—most of the dlluents fl
jtested.L The‘eerrectlon curves plotted for RCH - 011 (flg.B) are—con51derably |

’flatter than those for tetralln peroxlde and show no comparable values for any

,dlluent."

-
/

' (2)" Ferrous thlocyanate as a reduc1ng agent in alcohol -

water solution (reduclng solutlon II)

: Slnce the thlooyanate method was not entlrely satlsfactory for the

~determ1natlon of pure perox1des when the acetone - water solutlon'was used,
‘_attempts were made to obtaln a satlsfaotory result with- another reduclng solutlon.

The ferrous thzocyanate was no longer dlssolved in acetone but 1n alcehol., It was

;'1mmed1ately apparent that the ferrOus thlocyanate - alcohol - water solutmon ;'

'(reduclng‘solutlen II) was mnch more stable than the thlocyanate - acetone - Water

solutmon. Thls means that the standardlsatlon of th1s solutzon changed only a

© 1ittle 1n the course of tlme.‘; Table 3 sths that qulte good peroxzde values Were -

obtalned using reducmng solutlon 11 as- soon as’ alcohol Was not only used as QOIVent

for the ferrous thiocyanate tut also as a dlluent.A Compared “Wwith the reduclng .j

tlon I the values are on. the whole a l:ttle hzgher.;

golu Thls has a particularly l

ofavourable effect with: pure peroxldes.lu Even fuels of ertremely hlgh peroxide

'content - as e.g. samples J and K g:ve a- sufficlent degree of repeatabllity

in peroxlde values.vf _;,f‘w'I. e

" The. peroxide values inerease further on dllutlon and reaéh their‘maxxmnm

at-a perox1de numher of about one, agreezng apprexlmately'W1th the calculated

'value.' Table 3 ShOWs also that tltratlon in a nltrogen, hydrogen, or carbon

TR



d:.ox:.de atmosphere alters the result very la.ttle. Th:.s can a.lso 'be seen from

fz.g. 9 and fig. 10 wh:.oh show the correction curves
/

~oﬂ us:.ng reduo:.ng solu’c:.on II. g Even the reduclng solutzon Il d:.d" not g:.ve any '

useful perox:.de ve.lues for 'benzoyl perox:.de s s:mce the e.ct:.ve oxygen 1s o.ombimd.
’ :m a very sta.ble form m ‘ahe mclecule. '-t Therefore the benzoyl perox:.de solutlon »fj

in e.lcohol ha.d to o bo:.led w:.th ‘the reduclng a.gent under re

, Wlll 'be shcwn =

Th:.s led to results wh:.ch Were oons:.dera.bly better.

Mconnectlon w:.thvthe 'bes ts on other pure perox:.des. Normal fuele cmalzc*:;-f
'be ’cested :.n th:.s manner as: shcvm 1n Table 1. It is noteWorthy that in- -the case
of benzoyl perox:.de the und:.luted solutzon y:.eld., the maxmum or the same perox:.de

' values as. d:luted solut:.ons. e ﬁ;

S After extens:.ve tests the i‘ollow:.ng d:.rectlons i‘or the perox:.de determn.nat:.on

.
"*Were worked—out g **t:f::; e e e
S TR e R S S

10 ocs. . oi‘ the fuel to be tested are *bo:.led under reflux on e Water bath
‘ for one mlnute, 'cogether W:Lth 50 ccs of a a.lcohol - water so].ut:.on (l )
conta.ln:.ng 5 gms ferrous sulphate, 5 gms ammonlum thlocye.nate and 5 cos concentrated

* eulphur:.c e.c:.d per 1 lltre. ' 'l‘he volume in ces. of /100 t:.te.m.um trlchlorlde R

j‘sqution~used~1nd1cﬁi:es ’che perox:.de --number ’ :,.e. mgm - equ:wo.len’cs 'io‘__'::,_actlve

' oxygen 1n1 1:.’cre gasolme.u R
By It :Ls e.lso suggested to a.boln.sh the‘ correct:.on curves, sn.nce f:x.g.Q e.nd
i‘:.g.lo show that the peroxide number obtalned us:\.ng the reduc:.ng solut:.on If does
not agree W:.th the actue.l value, even When the former is belmv 3. : Therefore the -
11m1ts of error can be kept sma.ll only 'be select:mg a d:.lut:.on for each perox:mde

‘ determ:.natn.on wh:.oh g:.ves a perox:.de number of 1 to 1.5 i‘or ‘the fuel to ‘oe tested.-ﬂ

A serzes of organ:.c perox:.des whzch were not ree.d:.ly ave.n.lable otherm.se K

were prepared :.n th:.s Inst:.tute accord:.ng, ‘o the dlrec’clons of RIE}GHE (14) ’ and

tested for thelr conten‘c of act:.ve oxygen (perox:Lde number) 'by the a.bove method.

They were ' E . | ,f o o ,‘___
(e.) Tetral:.n peroxide .‘ 010 Hu_ 001{ co
(c) ;B_jenzt;yl' p_e,rox'ide G Hs_co -‘lo'zﬂ—vcocs‘ H5 :
() Dihydroxy éer‘oxide . Hf-C -0~ c\ -CH
o \ A s '_YH'

.4(e) Aeetone perox:.de (*)v S \1< /
: Hsg/ oz | \cm:5

(-) See line 7 Text. page,
| R : . 10 k = R "' » 4



These perox:.des were tree.ted w:.th var:.ous solvents giv:mg th ' ‘aot:.ve

voxygen values shown 1n ‘l‘a'ble 4. . 'l‘he ma.xmum perox:.de va.lues Were obta.:.ned us;ng

,_'alcohol as & dzluent‘.‘__‘. Although the perox:.des Were often noh a'bsolutely
;chem:.cally pure, the results obta:.ned were satlsfac’cory, but only :.f aloohol was

,use_d« e.s a v‘dsluent. The ma.qor:.ty oi‘ the ot‘her d:.luents gave wrong peroxlde values.

(-t) It should 'be noted. here that o.cetone peroxzde in the form o£ crysta.ls 1s

h:.ghly explos:.ve. ‘l‘he decompos:.t:.on of one cryste.l may cause ‘e mos’c

——v—roierrt—exp?cosmu. _._‘ f TR e = ”;; S L 4

Generally speak:.ng :.t may be sa:.d that the perox:.de determina.tlon ‘oy the ,
th:.ooyanate method depends pr:.nc:.pally upon the r:.ght use 'be:mg made oi‘ the :

"gd:.luent. : G L ”Y L

-E.. ‘ Compa.r:.son of the reduclng solu’clons I &: II a.nd the

' solub:tl:.ty of the' perole.des. - ; : /s

o As was mentloned before the only d:.fi‘erence between the solut:.ons I & II". ‘,

is the.t in one case ’Ghe ferrous th:.ocya.na.te 1s dissolved in aoetone - water, e

'a.nd 1n the other oa.se :.t is. dlssolved in alcohol - Water._ Th:.s shows the extent .

to wh:.oh the solub:.l:.ty of the perox:.des 1s of mporuance for the::.r quant:.tat:.ve .' _',
determ:.natlon. ; Wh:.lst the pure organzc perox:Ldes are \pract:.ca.lly 1nsolub1e in the
fhydrocarbons conta:.ned 1n the fuel, they usually d:.solve eas:v.ly in ethyl’ a.lcohol.
"'Thn.s solub:.llty is :mcreased by the fact that the ox:.dat:.on of ferrous th:.ocyanate

N
%o i‘err:.c uth:.ocyane.te by the perox:.des under test :Ls done e.t 95°C on a wa.ter'ba.th.

he/ 1ower the solu‘o:.l:.ty of the peroxldes in' the dlluent the smaller a.s—then'
react:.v:.ty « o _ | ‘ | | | L
he i‘act that the results depend upon the solublli’cy of the peroxzdes ‘
, makes :.t a'bsolutely necessary to g:l.ve up us:tng; correct:Lon curves » and the perox:.des '
must e determmed e.t as high d:.lut:.ons as pOSsiEble. A | ; ‘ |
i “y_{, Summary. SR o
: Percx:des often reduce the ant:.-lcnock value of gasolzne ‘- englne fuels B
a.nd co.use gum i'orma.t:.on. f ‘I‘hey ce.n increase the 1gn1tab:.11ty of Dn.esel fuels.. s
Some practlcal tests showed that the Al:.pha.tlc peroxides espec:.ally reduce
tha anti-lcnock value of the gasollne englne i'uels cons:.derably. -~ The reduct:.on ""

o ﬁ1_1'. ;



of the ant:.—lmock value,

oxygen in ..he peroxide "but mainly by the ol" ula

uhe peroxidee quantita.tively.

J'oule a.nd Wilson's thiocyanate method (2) we.s tested. .

.:.n order to examin” poroxide ormation it d

however, vis not only determined ',by the content of e.otive;.‘i .

8. necééé:a;y: 0 be’gble o test

A.'Et ‘r:‘a critical review of the methods proposed for peroxide eetimat ion

In this method ferrou"e e

thiocyanate ie ueed ae e. reducing agent and N/100 titanium trichloride solution

eue made for its improvement'-

@

@
@
(4).
S W,J, _Mardlese;

)

(o)

'-for the titration.

e From the experrence—f‘ainedwrit‘h _this mothod—‘the' foi:lowing euggeetions o

(l) Instead of the ferrous thiocyanate solution in' acetone, an alcohol:.c :

| 'V“vsolution ehould 'oe used.-

F Jsolvent for pure peroxidee.

Thls solutlon is. more stable a,nd 13 a better

. \,‘7.

(2) ".Instead of shaking the fuel under teet for 5 minutes With the ferrous"

R th:.ocyanate solution to give oxydation to ferric thiocyanate, it

ehould be ‘ooiled under reflux for 1 minute at 95 G -as, this aleo

—al—lewswostimation of~cy1:.c~peroxide o

E. 'i:och‘ uad . Pohl,

1 .

.Joa.le und wnecn, o

- H. L, Gallendar, °

AT, Bennet und

5. Bcrl

H. Schildwachter,

© AJ. Schmidt,
H. Hock,‘ .

v »W:.nde.us und Br\mken,"

(10) Hock und 'a*usauihl

_ (11) H.Hock und O.Schrader,

(12) Y.R. .ae.ves,

- J. . 5, (1937) p.3155
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Fig.l. Effect of dihydroxyethylperoxide on the anti—-knock ratin:r of Leuna ge;s’ogm.'

— F 1g.2.m Effectrof acetoneperoxidewon‘the—anti—lmock rating of“'LEuna gasoline. i

L . ;l " : :'ic R T :il'_' e 0 e n AR
Fig.a. Benzoylperoxide e e B iy
F:Lg.é:.' s "‘ " Di‘benzal—&iporoxide “ j_.'"f e A " EE ]
Fig5. "j o Tetralinperox:.de 1-:,“",-!. _“‘ L " L '_". _v ""~ o

F‘ié'.‘é"._ Derona. burette for peroxide eetimatmn with titanium trichloride solution. ‘
‘Fibgi."?;"' ‘Correct:.on curves for tetralin peroxidé with various organic diluents |
’ (ferroue thiocyanate in acetone - water solution)

‘1

fE“'ig.VB.*»‘ ‘Oorrection curvee for RGH - oil with various organic diluents (ferrousf

o .:thiocyanate in acetone - water solution). AA
F‘lg'._g.‘ Correction curvee for tetralin peroxide with varioue organic diluents

' ‘(ferrous thiocyanate 1n alcohol - water eolution).

'mg._io. Oorrection curvee for BOH - oil with various organi.c diluente (ferrous

‘ thiocyanate 1n alcohol - water solution).
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AR

v?Sample Quantity  Di1uti6h' : Consumptlon of N/IOO Perozlde Number
‘ “‘f”“ Used “(n-gasollnei Ti-Clz—in-ces v ot
L °°s"-vj,~_;‘._vv. Shaking '.H ; Shaking 30111ng

b

e 25 , 2425 |
10 o '1 1 ' 12 155 24 2’7
10 1 2 2.6 e B2 54

IR I ST k*'q";:

1

o
fos)
©
]

‘_J
© .
O
q
o

[

f ]

[¥)]
[91]
[{oJ0
ol
[{o 8
Cn
\'1

4Bl ‘j1 10 s 435
o

w
»
[\
[$)]
R
@
o!
e}
O
\7
Cﬂ




fccs.;

o 2

E Estlmatlon of Actlve Oxygen in Tetralln Peroxide

RN

1 gm tetralin-
‘peroxide in -
100 _ces:

,fPef@i;dé{Numbef\'

and Benzoyl Perox1de

g tetralln-fi
&y peroxlde'f

;ﬁ';alcohol.:;,f?
. .Dilution with ...
ﬁ’,n-gasolinevfg_; BT

‘V;shakingﬁ;spiline

Theoretlcal
: ‘tetralin- - o
Pound__M*_.peroxide content

Shaklng B0111ng

1n mg.;;_:mﬁ

.‘ldw  

UlrSﬂvf
L0
i:idb}‘ ‘

s

| 34.54 - 29.95 28.32.

52 26 49, 15 . 42,85
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‘100 0
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©o100

B
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Perox1de in:a
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Table 4 -

Estlmatlon 01 Actlve Oxvgen 1n Organlc Perox1des

Amount used 10 ces . D11ut10n 1 10
1-{§glvents:-, y-u

Alcohol Benzene'ﬁlﬁﬂ n—Gasollne L
Perox1de : mg Perox1de mg. " Peroxide) mg -
number perox1de number perox1d

Iso-octane 551 Ac=tone .
Peroxlde mg*j;g

Perox1de mg

-swel h1 in’ er n—He tane
S ng Perokl e mg’

'»1QO ng : in lbu 3es
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