CHAPTER II

THEORETICAL AND PRACTICAL ASPECTS

kinde of irregular or

whidh' may occur in an engine,

. Erép*hoth the theoretical and
W

ad

view ) ﬁym the type variously known

as knock, pink or detonati&ﬁg_xnock may be defined as an
"rf:gffa

abnormally rapid e:piﬁsiantdffa certain portion of the
J"q ‘-_

charge whicﬁ is tha ll!t to bupn in an internal

—=7/

¢u-hustionuﬁnqine, reuulting 1n\£he formation of

_1

the most importamc

practical point

pressura—uav&w in the gas. ¥

The' “occurrence’ 'of ' knock 'was known as early
as abgut 1&52 [2:) hut datailsd investigations of the
phenui!nnn did not hagtn until “much™ later.” In 1918
Ricardo stated that knock resulted not from
mechanical defects in the engines, but from a
simultaneous and spontaneous ignition of the last part
of the charge to burn. Migley and Boyd (9) announced in
1920 and 1922, the discovery of the antiknock effect of

very esmall amounts of different compounds. The ideas of
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theory of knock were based upon experimental facts
which, in large part, had been obtained under
conditions more or less different from those found
in an engine, and a considerable degree of confusion
and several distinctly erroneous conclusions resulted
therefronm.
f.f// |
The sef?ts of {Paﬁfgg;éh brought out by the

a:parinents-;:fﬁhﬂfed directly with engines or in

closely relat€d appavatus indicated that the development

of the chaif-r ' . theory of the slow oxidation and

explosion of 368 /p gvzd€§ a reasonable basis for the
4

explanation .‘thﬁhw;phinnuena observed.

=3
-

Consequently, 1

. ngw . pogsible to advance a general
— =, A

# o e il

outline of the natuze of ine combustion, knock and

T A
antiknock action; which - 1‘&":"‘nucnrdf with the known
. vy

dcelly sound.

-

facts and

=

| |
| e

Normal combustion

In nqn-knacki@q’cgnhuuﬁiqn‘;hg flame starting
frolﬁdﬁh hrﬂ nuraspbihtﬂ of ignition, travels through
the ﬁharge with a moderately fast velocity but shows no
indication of pulsations or vibration. The flame
speeds relative to the cylinder-head walls, usually
range from 25 to about 250 ft.per sec. in a
conventional types of engine with a maximum value at the

point where some 50 % of the charge has been
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burned. They are determined principally by the
turbulence in the charge, which is a function ©of
combustion-chamber design, engine speed, temperature
of the combustion-chamber walls, chemical
composition of the fuel, the air to fuel ratio and
dilution by exhaust gas. f/

%

Colhustian of the fuel—&n practically complete

within the ntﬁﬁwff 3

monoxide, car

lame frnnt, yielding carbon

de, and water(10). The traces

of hydrocarbon tnltkhnust gases result from

the thermal 's;tﬂbﬁ of unvaporized fuel and

0il on the cyl er pall;g+lh|n the gases behind the

flame frnﬁt begi tp{gﬁbl l_.?' .readjuut.antu occur in

i 2 i
- o G

the egquilibria, 2 ED“ 52 -* 2 cnz,

= '-.. I~---

_".“5 cu+uzu —- Eﬂz_*sz

wiﬁpd Hz + 2 OH —»= 2 n2n-J

j| i

= T

The, spectrum, of », the, flame, front in an engine
similar to that of a Bunsen burnér, comprising a number
of well-known chands {e:q. | GsH-and £10)| suparimposed on a
backgrdund of continuous eii:f&ﬁn, its ultra-violet
spectrum shows CO and OH bands(l1); ite infrared emission

indicates the presence of carbon dioxide and water.

In normal combustion the pressure increases to
its maximum value in a smooth, continuous manner without

pulsations or vibration.
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Characteristics of knock

The occurrence of knock in the engine is marked
by flame and pressure characteristics distinctly
different from those of normal combustion. These

characteristics are ch jﬂz;’to a portion of the charge,

which is the I“EE;EG bu alled " end gas ". The

flame of knockﬁhf-ualhusiion*tuu-t to sweep through the
"—-“"l-

charge prnct{:}}ﬁf’fﬁ /

is not accur e

,tgnenulix%‘Its actual velocity

ed¥n but appears to be in the
L

neighbourhood ~ Bec. This wvalue is much

greater than t

CYe
The spectra ,—g’;ai% of the knocking flame in
gt JJ;\.:F
general resembles thi§=ﬁt'€$§:;ornal flame, but extends

.-.-___, e

farther lnﬂp the ultru-v;g;ggggﬁﬁ infrared; the

intensity i ~much greatar ie normal case and

i |
the C-H nnd‘é-c bands are weak or disappear in the

e NN TN

Any change in operating conditions which tends
to increase the temperature of the charge or to lengthen
its time of heating prior to ignition increases the
tendency to knock. The effect of engine speed is of
great importance whereas the influence of an increase in

compression ratio is particularly marked in increasing

015312
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the tendency to knock and the tendency to knock depends
not only on the physical factors of time and
temperature, but also on the chemical canpn:itiﬁn of the
charge which influences oxidation reactions in the end
gas and affects to a certain degree the temperature and

speed of the normal flame wave.

\[/7)
From @hc&i:‘/g&nt of view the most

T—

important chemieal varipble apart. from the action of

antiknock agé€n £/ ef:hanisii structure of the

different c gifiqiﬁh the fuel is composed.

Generally, i :,EFEI QQ"qiidfiahility of the fuel
& UL 8 \

AW Y
oﬁniﬂadg,en?fninq its knocking

ok b < ) f.*l# fj

is the basi

tendency. 7 1
Al
ez
Preflame reggtiqnn”ﬁﬁiihf*' n : eflame oxidation
2 =
T
A 3

In Eﬁn-knﬂckinqw" in@lno indication is

found of any e¥tensive chemical change in the end gas.

When thﬁ% E}?pﬂ&im @%{Eﬂaﬁlﬂﬁ changed in the

direction to pruducg knock, abserption spettra show the
Pf!qaq&ﬁmﬁmumlﬂ qomiﬂaﬂ %.Ld gas, in
anou%ts Wwhich increase as the threshold of knock is
approached. Concurrently, the flame spectra show a
decrease in the emission of C-C and C-H bands,
suggesting that the original fuel molecules have been
partially oxidized or dissociated before the arrival of

the flame front.
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In knocking combustion, absorption spectra of
the end gas begin to show the presence of formaldehyde
about 0.001 sec. before the knock in an engine running
at 600 rpm. The concentration of formaldehyde increases

up to the point of inflammation. The chemical analysis
of the end gas show : resence of aldehydes and
eubstances of the pnrn:qv/pépa when operating under
knocking conditions. In —

Tn-ckinq operation no
peroxides arE‘F’—’—gdn nlaé;;E:? may or may not be

-
found.

L
mb&%}ﬁ hat the original fuel

A
molecules ar ad, giving active or
energy-rich pro _:jﬁfi ay subsequently, on a
favourable collisiuﬁc:ith \er reactants, bring about

l,rj i e

further nxida}inn tnd thJ rnrlntinn ggjadditiunal active

products, tﬁuﬁ continuing a T ain. On the other

hand , an un&‘uvnurable type of coldision will cause a
e TR T L
L RN RN LT £

gas until the arrival of the flame front and the
subsequent inflammation of the gas at about the normal

rate.
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Chain-reaction theory

The investigations about the actual mechanisms
indicate that the reaction products which can be
isolated and, in part, identified, such as aldehydes,
alcohols, peroxides, ‘i! are no more than the end

n

products of the reqntin ther are chemically too

stable to play aﬂ;:;il?e_;nliﬁzzifha reaction mechanism.
The chain carr!!f!??1 .

which are

he cﬂ;ﬁtually active products

for auch phenomena as

eRPlanntiun' B
hehavior{ll}ajfhis mechanism proposed that, during

reaction product was Eormed which reacted after a

T ﬁuﬂgnﬁlﬂiwﬂlﬂ,ﬁm lite of o

n rie to_initiate twé  new chain's carriers,
ex%ﬁﬁ nj m;ltw ’Jeg nﬂqﬁﬂto be free
radicals or atoms. Thus the reaction may be represented
by the following general scheme for the oxidation of an

alkane ( where RH represents an alkane and X. represents

an initiating speciles):
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Initiation RH + ¥+ —— R-+ XH (2.1)
Propagation ER-+202 —2R0 (2.2)
ROy + RH ——> RO,H + R- (2.3)
RDIH ~———» products (2.4)
Rﬂzl-[ ~—— RO'+ OH' (2.5)
RO, — = RCHO + OH*  (2.6)
@‘U (2.7)
Termination {e.@l (2.8)

In tl% the normal
fate of, for example;. | * ﬁ;ruxidu formed during
propagation.
action (2.5)) and
brings about ch 2h: : ‘tion (2.5) is not the

only step by which"f‘ = thus in reaction

l*,..-‘".-‘,,.-'f'- ]
(2.6) an alﬂahydl “is form acts further to
effect chal ‘branching. T 8 are terminated by

1)
ﬂummm LD Dene enoory of
.,am SRRt L) |1 D L

involved a race between combustion by a moving flame and

surface desthLtinh.

the spontaneous ignition of the unburnt charge ahead of

the flame.
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2.2 Antiknock Compounds and Their Actions(3),(10)-(15)

The theory of the mechanism of the normal and
knocking flames outlined above indicates a relation
between these phenomena and the chemical composition of
the fuel charge. It receives its strongest support from
the fact that the only ﬂaéé:bjﬂl yet found satisfactory
to explain the effect of aﬂiiknock agents 1is the

. J S
inhibition of chain feaction& in.the end gas.

Anti

3.E,§q;1 inte two distinct classes:

metallic elemén a d*“n -lntlllic organic compounds.

They exhibit F $3 urencauin relative effectiveness so
rida .uu; u
st A fuﬂ anentnl distinetion between

.HJ

a@sp of anﬁ%bn Egerton(12) attributes

marked ae to =
their respective
the antiknock effect Qf thtﬁlltalllc agents to the fact

2
that the n@th,;; r——irre-

£
-ngle of forming two

Or more uxideb in equilibrium nt.the end gas in an
engine, and ;Lnt the oxide  is thﬂJactive agent which
breaks the reaction chaims. Other evidence suggests that
the free metal atom is involved. On the other hand, the
relatively Wnstable piganic antiknbek compdunds probably
cann&t undergo such reactions in an engine. They usually
are, in act of chain-breaking, nﬁidized, decomposged or

otherwise rendered ineffective for further inhibitory

action.

In the case of organometallic compounds, it is
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2l

stated by Egerton (12) that the molecule must be
dissociated before the metal atom can be effective;
correspondingly, metals in the form of compounds which
are chemically stable under the conditions existing in
an engine are inactive as antiknock agents. Sims &
Mardless( 3) ustnhliuhee that the metal rather than the
organic radical ie the i&%@éﬁfﬁﬂnltituent of antiknock

compound. 2 .

_— =
1B

The e

of knock and the mode of action of
antiknock agent mxnoé”gut fully understood. Many

experiments

v ' ﬁe%§q;ned to show that the two-
d ¢ b vy .
ring in an engine parallels that at

¢ | " Iv -
A -.f.;'_-}* ¥

1 tlie i?idench indicates that if
_.H,‘,J' s :

stage ignitio

low pressures

particles of metidl ‘ouide ﬂ%ﬁhﬁadequnte surface were to

be formed in an enﬂiﬁiﬁ ﬁuéﬂﬁiﬁtfaceﬁrcould then inhibit
) -
the reactian : F= .:r‘w—I#? prevent knock.

Recent axper{ﬁents performed by vkg;ﬂao and C.R.Prasad
(13) has been. shown that the total extent of
effectiveness of Iﬂlségn be completely accounted for if
some of the TEL decomposes forming PbO particles before
théﬁ&ﬁ%ktléﬁs;i:idingvﬁdfkﬂnhk ogcur in tﬁi end gas. The
experiments concluded that PbO, in the solid phase, does
inhibit engine knock and the total surface area of the
inhibiting compound in the end gas zone is the chief

criterion that decides its effectiveness.
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2.3 Organotin Compounds and Their Preparations(16)-(21)

Most known organotin compounds are derivatives
of tin (IV). The alkyl groups are usually introduced
onto tin by complete alkylation of tin tetrachloride
with an organometallic reagent, then the various
alkyltin chlorides, an\ﬂ\;u'l!/y/u prepared.

= 9 ——e
iple way® din which the carbon-tin
' vg t!‘m\'&uction between an

The

bond can be -

organometall and a tin derivative (equation
2.9) (X = C1 f'gg tin-metal compound and
an alkyl hali at: f , 10 = Li, etc) or between
a tin hydride : . l%‘i ation 2.11). The
acidolysis reaction’ P&qun[@z. 2) is of more limited
scope. o

P T_\‘ J {j

RM + jt\ SnX - nRa HX (2.9)

RX + — SoM o~ SnR + MX (2.10)

e '%’ug gm &mi% %H—ﬂrﬁ (2.11)

+ - SnNR = .SnR + HNR, 0 (2.12)

’QW’]@\Tﬂ'ﬁﬁl NR1INYIRE

2.3.1 Reactions of tin tetrahalide and some
organometallic compounds(22)-(29)

The first reaction is the most important and the
only one which is at present used industrially (19).

The alkylation of tin tetrachloride with a Grignard
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reagent is difficult to stop cleanly at the stage of
partial alkylation and the tetraalkyltins(22) are first
prepared and then used as a source of the alkyltin

chlorides (17).

4 RMgX + Eni‘.‘l‘ WW//'SII + 4 MgXCl (2.13)

"x /
Mixed tnmtylﬂnz:ﬁ:luilnrly be prepared
from the reucffz—’fi?, n n Er{iE:?d reagent and an

alkyltin halide s a tion 1§ easier to carry out
. -

]

etrachloride with

ing the reaction

forms a calpllx with the dinlkyi&indichlurida and

RO 1 /12 e 10 N
"“TWT&N’HWW’W’TWH TRY

amin
¢ R3Al + 3 8nClg + & R0 —> 3 R,Sn + 4 AIC14R,0 (2.14)
Alkylation of tin halides with organolithium

compounde proceeds in good yield and is used

particularly when the corresponding Grignard reagents
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are not readily available .

The Wurtz process in which probably intermediate
alkylsodium compound is formed from alkylchloride, and
then reacts with tin chloride in situ, does not appear
to have been readily used due to di:ndvantnge:, of large
volume of solvent uud\\. 'é‘ ess the conversion of the
alkylchloride, Rcl‘hnhﬁme h n, RR. This is less

— J ———

of a Prnhlely teaction is carried out with
alkyltin chlozds ather ﬁi’;mn ’t}tﬁntrachloride.

discovered ‘.ﬁhiﬁ
il :
| reactio

J?J"% =s

reactions of tet aéﬁ@@bﬁiﬁgp >unds with anhydrous tin

‘ttl_,h

Comproportionat

(IV) chloride wbépii‘?th{em.a hu:ic reactions are
k" X Ty
repraunted{- -

industrially f}r the manuf; cti

of aha triorganotin and

diorganotin co!*lounds F

ﬂwEJ’QWEJWiWEJ’]ﬂ‘ﬁ

n‘En + SnCI‘ ——rni R3BnC1 Y (2.15)

A RIRRVIGGU AR EV IR -1

RgSn + SEDCI‘ e | RSnCla {2.17)

The 1initial reaction (equation 2.18) proceeds
very rapidly at room temperature and, at higher

temperatures, if equimolar gquantities of R‘Sn and SnCI‘
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are used (equation 2.16), this is followed by a second

reaction (equation 2.19) which furnishee the diorganotin

dichloride.
R‘Bn + Snt‘:l' —_— RSnCla + nasnu (2.18)
llﬂnﬂla + RESnEl—n 2 Rzﬂnclz (2.19)

\"\_\'/
If the t&f;qsni/ﬂ/‘:vﬁlpnund ie in excess

{egquation

hie ‘r?ﬁuith diorganotin

dichloride he two. iftermediate steps

(equation 2. "Lghha triorganotin chloride

]

(equation 2.

N .
o
bl A\

il
b 40 [ ek 48
R¢Sn + RSACY; -+> "B,SnCl, + R3SnCl (2.20)

RgSn + R,SACly=s 2 R, (2.21)
LT T

A VA
If the

=
(equation 2.17), this rea

resent in excess
ith g—j! initially formed
triorganotin chleride (equation 2.18) to give a mixture
of the m—uﬂa’lnﬂMﬁ wﬂnﬂ iquatiun 2.22),
but itsqteactian with the fTesulting “diorganotin
« AT AN TN
reaction requires prolonged heating in the presence of

coordinating solvents such as DMSO, POCl,, P,0g

RESnCI + Sncli —_— l’lE’:ﬁl'u:‘ll:al + 1‘!2\,511'!:12 (2.22)
stnCIZ + SnCI‘——r 2R5nc13 (2.23)

R“Sn * 251‘1[31‘ —_ ERSI.'IIEI3 + R2$nC12 (2.24)
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Tetraorganotin compounds react with one mole of
halogen to form the triorganotin halide (equation 2.25)
and most commonly ; bromine and iodine are emplovyed.
The relative ease of cleavage of the various organic
groups from tin is phenyl > benzyl > vinyl > methyl >
ethyl > butyl and thiﬁ_prnperty may be used in the
eynthesis of asynmetric.trégéggnntin halides by varying
the conditions ;-t&tparaffra ﬁﬁﬁiiulvents used.

(2.25)

(30)-(39)

The urganotﬂﬂs naylfiusynthesized directly from

tin metal, tin alloys “or, tﬂh'fIIj and tin (IV) halides
.

and this nq

by _-r;ankland in 1849.
The direct synthesis of orqanntin halides has been

reviewed by Murphy and Pollep (22).

The reaction® of thew tin netul with an
alk?ﬂﬁi&iﬂa has ohviuun attractions as ah industrial
process, but in practice is rather limited, since the
dominant product is most commonly the diorganotin
dihalide. The order of reactivity of the alkylhalide is
RI>RBr>RCl. A catalyst is also required and this is
typically a quarternary halide or trialkylderivative of

the Group V. elements, n¢ux or R3H (M = N,P or Sb). The
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direct synthesis 1s employed for the industrial

manufacture of dimethyltin dichloride.

The mechaniem of the direct reaction (16) may
involve an initial activation by the catalyst of the
carhon—hnlogun bond the alkyl halide, thereby
facilitnting its \Iﬂl t.he metal to form an

organotin (II) i ig}e, this can then undergo

a cnrhennid-li;ﬂ"f'—,’ 4 :I.ﬁ-"'ﬂv carbon-halogen bond

of a second m ' d;bhﬁaﬁhorl the dialkyltin
: '

dihalide .

(M =N, P or Sb; ¥ alngeglnr anion)

f UL DUNTHAANT seonere S
second etnl, usuall alloyed “with tin,"“e.g. Na, Zn,
LA A A

Under certain circumstances, the direct reaction
may occur without the addition of a catalyst. The
reaction of benzyl chloride with tin powder is one such

sample with the use of toluene and of water or n-butanol

as the solvent at its reflux temperature gives good
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yields of dibenzyltin dichloride or tribenzyltin

chloride respectively (37)-(38).

2 BzCl + 8n —_— HIZSHCIE (in toluene) (2.26)

3 BzCl + 2 Sn ——» Ez;SnEl + Bnclz ( in water) (2.27)

In the agqueous z{%ﬁn sis, the tribenzyltin
chloride is knauy to 5esu gjfran the reaction of

dibenzyltin dijzzggi , whieh ig formed initially, with

tin powder.

3 Bz,SnCl, ysﬁéégcg + 2 8nCl,(in water)(2.28)

Y fJ
£ .f} -}* d

The synth 'is*uf tgﬁprgandtin halides directly
from tin is descrih&d b? Ejéa*ﬂollnnd (39) and in U.S.
patent No.4, ?1D 0#!11?35} *@He ndd}tion of an alkyl

o

halide to tl “metal

u*t‘ﬁplten quaternary

halide rapidlx}und Eelectively pradg;es the trialkyltin
halide and a by=product ¢ontaining the guaternary
halide as a-iin,hiiiﬂn‘cbiplei. The | quaternary halide,
tin,_and tha hnlide iun“;qu all recovertd from the
by- péohucﬁ hw uluetﬁhiysiu which 1: de!ﬁtlbad in U.S.
FPatent No. 4,437,949 (1984) and reused. This is the

potential process which is operating in a pilot scale.

A route for preparing tetraorganotin compounds
by direct synthesis is described by J.W. Nicholson et al

(31)=-(32). The dropwise addition of straight chain
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alkyl halides to tin in a manner similar to that of
triorganotin synthesis but zinc is used as the secondary
metal in this reaction and iodide ion has to be used in
order to stabilize the stannylene formed at the early

stage of the reaction.

Van der Kerk et ll'&éﬁ}.deucrihed the conversion
of dialkyltin dichieride,inte trialkyltin chloride and
tetraalkyltin and suggésted that the metal having strong
affinity for E:Hfﬁiﬁ=_

than tin gave

reaction, th i fjius;anqunntin increased rapidly

in the suitabl UI and an organic base.

.-l:Jf-\ ‘ jj-h
T ok
2.3.3 Orgtkﬂfin _znﬁ&din:tinn complexes (40)-
2737 7 N,
(50) - =B :
o —
‘I"j '_"\—J

Many ;conpounds are known 1in which the
coordination number of tinis higher than four. 1In
general, the lacceptor. stréngth-of an ‘ecrganometallic
cnnpound 1a detg:nineg mainly by “the hature of the metal
atom’ and oﬂ its 'ligands.” For ' ¥in tetrahalides it was
found that complexes were formed with decreasing
strength as the halide change, in the segquence F>Cl>Br>I
and it is clear that the acceptor strength of tin in the
compound is proportional to the electronegativity of the
substituents bonded on tin. The presence of an organic

group in a molecule usually diminishes its tendency to
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form complexes, and hence the observed stability of the

complexes should decreases as follows
SnI‘:RSHXE:stnlzhaasnl>R‘Sn
The studies ;‘ pectroscopic technigues
mainly X-ray, IR, na b&;’ d Mossbauer Spectroscopy
\ F
result in the waf,;ngﬂ; coordination number

_{?E::EEEEtulr summarized that

complexes whe R4Sn g ‘1gxes are sometimes

and configurat

.ﬂpyralidal i RySnX

'-4..

tetrahedral cnnfigu:ﬁ&iﬁﬂ.

form complexes with

and bidaﬂlate ligands depend
ZZ.EZLMETT}(IWmﬂ’fﬂi.ﬁ.i;l:fi
“wﬂ SRR Dk Dk .

either lunuda nte ligands
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