CHAPTER 2

THEORETICAL CONSIDERABLE

almost entirely

derived from crudeg®il#aad boiling betveen, about 30°C and

220°C, 1.6 contf' eC,toC_,.
Gasoline can varyWid in CoMmDo: \ \ n if they are
of the same grade./This % al \\ ries differ in
the range of product.s they D md so differ in the
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Gasoline Properties (1-3,14)

The performance of the engine depends very much on

the quality of the gasoline, the most  important properties
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in this respect being knock characteristics (or anti-knock

value), volatility and stability.

Volatility

be wused. Otherwi
(Partial vapour log dal'ges 161 to) -\\and power of

and engine by res d and, by

making the fuel-ai¥ g ; ;j an ay cause knocking

combustion. Comple the ehgine’s

feed supply, stalling Ig%mﬁj“;a it difficult to

_g,r J;}j‘ ‘.
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restart until Che )
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omet ime.

Antiknock quallty

ﬂu«%d% mmwm fobegtially
agi englne knock at a¥l engine speeds and loddé
AR AR Y.,

throughout its entife distillation range. The anti-knock

quality of a fuel is determined primarily by its
- hydrocarbon composition, but this quality can be increased

by the addition of anti-knock agents.




Gun
Gasoline should be free of gum-forming materials
in order to avoid clogging of engine fuel systens,

carburettor malfunction, sticking of engine intake valves,

Corrosion 40f dedated iwproperly treated

oy

gasoline is ording sulfur or sulfur

compounds that co ide, sulfuric acid,

or any of a number ofgenic § >ompounds. Many

compounds of sulf te o GOY yubut the combustion

ot s R
gases from sulfi I3/ corrosive in
) ]
the presence of™m 01sture For these reasons, a number of

refinery ﬂoﬁﬁ’%ﬂkﬂ%eﬁjwﬂa{‘lﬂ ‘§> remove

sulfur codﬂ%unds from petrpleun prodigps or to Copve
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Cost,

The fuel should be inexpensive and find easily.



Gasoline additive

Additives are used in gasoline for two main
reasons. The first is to help ensure the satisfactory
performance of engines _'v.n f ninimizing deposits in

carburettors, on va ;;;;; c.) andethe second is by

supplementing refd the use of anti-

knock agents and f. the additives

used are summari
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Table 2.1 Additives used in gasoline.

Additive » Composition

Anti-knock ead alkyls;

compounds thyleyclopenta
enylmanganese
‘tricarbonyl
anti-icing ) ;-gg, Freezing point
additives Gz b depressants
ice as alcohols
formation in ‘ ycols
A N Wfﬂﬂ‘i
Y 11nes ¢ o
q p
Anti-oxidants | To minimize gum Phenylene

formation and improve| diamine and
storage stability alkyl phenol

compounds




Table 2.1 (continue)

Additive Function Composition

Metal To prevent catalysis | N,N-diamine

deactivators of | derivatives

Combustion ganophosphorus

chamber ompounds

deposit

pmodifiers
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system and to
supplement the sluge
dispersant quality

of the lubricant :
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Table 2.1 (continue)

Additive Function Composition

Antirust To Fatty-acid

additives amines, sulfo-

nates or alkyl

which is comp

votU ULl LUE 1UllUWl.

._ ylt
-Intake|s
]

- '.‘-'

AX J
,re is drawn into
J

the eylinder, h; uel being PLes ent partly as a vapor and
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rapidly compressed and the magnitude of the compression

ratio of the engine depends on the engines
-Combustion: the spark ignites the mixture,
combustion being essentially at constant volumes

-Power stroke: the hot combustion gases expand,
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the work of expansion being transmitted to the crankshaft
of the engines; and
_Exhaust stroke: the combustion gases are pushed

out of the cylinder and the above cycle is repeated.

ractically complete
arbon monoxide,

---il

of hydrocarbons

deconposition of { fu «' \0ilvon the cylinder

walls. When the ront begin to

\ ilibria,

cool down, readi

The specgrum of the flame front in an engine

fe’l k) m&m wm ifdnga number of
“a Wﬁmﬁﬁﬁf AT AL

background of continuous em1551on,
spectrum shows co and OH bands(16); its 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
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pulsations or vibration.
However, in practice a number of abnormal

combustion characteristics can intrude (Figure 2.1):

initiation autoigad ¢ the flame gan reach it. This

end-gas explosi®on ap  .' ?; g\\-cal pressure,
this expénding g | gi." \Tz?ﬁxxxkoulent flame
with its expanding _f.f).“ ' With the result that
very high oscilla ﬁ“fg"Q ire Seb wp. The effect is

easily audible, butfca 50 - b ced up by

acceleroneters, as.wibrations, a p.in the whole

-rdnly reached as

| : T
heat transfer 1@ increased many times, a'é engine damage

S°°“FW‘8°’J NYNINYINT

-Run-on combustlon occursgwhen the gaglne contlnueﬁ to
f@‘ ﬁﬂaﬁaﬁtﬁ imﬂﬁﬂpﬂ&mﬂﬂﬁﬂched

off. The fuel-air mixture is inducted into the hot

engine strucrﬁﬂv

conbustion chamber by the momentum of the engine, and -
because of high enough heat transfer processes, the
nixture can auto-ignite (or diesel) for a short time until

the engine cools.



f e
Figure 2.1 ﬂ Knock (an end-gas exploﬂ;(@run-on%!o’nlﬂjgniﬁon atidle); (c)

pre-ignition (a surface ignition befor‘spark-ignition n occur); (d) misfire (flame kernel
»% sion (VS nvironment
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-Pre-ignition can take place in more than one way, thereby
establishing a flame before the main spark ignition event
has occurred. One common source is the hot spark plug
jtself, thus locating the pre-ignited flame in the same

we of the piston,

- b 1: on deposit can
also pre-ignite ( sases oblem with pre-

ignition is that ik can be a runawvay

place as usual. Anothe

process, leadin atand engine

damage.

-Misfire, totallyfor 1TV eletively common
abnormality that is mo 2 ‘ bnvenience than a source
of engine damage ocours, ' f pléy, wlien the fuel-

-

LY

5" fuel
T

i

maldlstrlbutlon ipong the cyllnders) or is not fuel rich

- ﬂummmmw S ikl bt the
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enodgh energy (as a consequence of dep031ts or

air mixture is 3

the spark plugs). In each case the newly formed flame
kernél is not allowed to grow and develop into a self-
sustaining flame. Instead, the flame merely dies out after

only a few millimetres of travel. The engine is felt to
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stunble or hesitate or give other symptoms of poor
driveability. In the extreme, bad misfire leads to
considerable power loss and nowadays can also give rise to

exhaust catalyst burnout.

-Exhaust-valve seating da pccur under certain

i&ict ly a combustion
——

i TN to the activity

circunstances, and yhils
abnormality in i
of certain combusti alve seat wear is
high Cemperatures are

PONN

tain —lubricant."
77

a phenomenon that
reached and at ¢

combustion produc are not present

i

in significant quantit -{2- nenon has been
A ik
e J‘ ,-f'

resolved by u of he .exhaust valves

and seats, bu r—

J

gasol iﬂe without

el from
— U
the exhaust values and seats being made

‘a v
ot o8, SRS W 111D
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~ 0f the various kinds of irregular of abnogmal
AN NRIANINY
importance from both the theoretical and practical points
of view is the type variously known as knock, pink or
detonation. Knock may be defined as an abnormally rapid

explosion of a certain portion of the charge which is the
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‘last to burn in an internal combustion engine, resulting
in the formation of pressure-waves in the gas.
In non-knocking operation no indication is found

of any extensive chemical change in the end gas. When the

fuel of operating condi : nged in the direction
, ab » spec w the presence of
formaldehyde in tﬂg--—’ A e ‘;f“x. in amounts which
increase as the knock is. app ;ached.
"k ease in the
§\ that the
original fuel mo ] & b Ef part 11y oxidized or
dissociated before the - = he flame front.

In knog __ Bl sfectra of the
— Y1

end gas begin!ﬂ , U aldehyde about

i

0.001 sec. beforg e knock 1n engine running at 800

AU ANNINYADT
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gas Ashow the presence of aldehydes and su

peroxide type when operating under knocking conditions. In
non-knocking operation no peroxides are detecteds;
aldehydes may or may not be found.

It seems probable thaﬁ the original fuel molecules
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are partially oxidized, giving active or energy-rich
products. These may subsequently, on a favourable
collision with other réactants, bring about further

oxidation and the formation of additional active products,

thus continuing a react'ﬁ%\% aip.4On the other hand,~an

. = B

unfavourable type of eellision wa “pe a deactivation
: | —

.

. 3 \\\x;\ of the chain,
the energy of the _'  Sy \\\ ,ed throughout

\::;\ e of knock, this

flame front and the bﬁg\ u ion of the gas at
. i ke, '

ff .....l,.p

condition prevai he arrival of the

about the normal ré tek

In 1;ﬂ=
from mechani’ : ‘from a
agg spontaneous 1gn1t10n ofﬂahe last part of

oo cnffl B 184 AT 2 o 1

and 1922, the discovery of the antilmock effect @f very
sxa Eﬂn@ ﬁmgemum:lg meEJd:z]saf gﬁeory

knock were based upon experimental facts which, in large

kaock resulted not

simultaneous

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
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conclusions resulted therefrom.
The series of fact which brought out by the
experiments conducted directly with engines or in closely

related apparatus indicated that the development of the

chain-reaction theory of ,the slgw, oxidation and explosion
of gases provided a Teas na e ] gr the explanation

of the phenomen

Chain-reaction &t

The invegki vabout the actual mechanisms
indicate that th 01y .pE0 &high can be isolated

and, in part, iden f A hav_nﬁé ldehydes, alecohols,

’ .'._ "i"*‘:"rﬁ : _,'
peroxides, ete e

_‘ﬂ

p.~ducts of the

‘table to play an
J|

reaction cha
| G i
active role 1nIﬂhe reaction mechanlsm. Th

chain carriers

s s RN IATIB F Frro

for such phenomena as auhﬁcataly51s‘§pd induced andatlon
agél:qu:]Jgi;gllzl:jzg]JL:Llj}l::LfnngIialzléESOEELf a
second, and are probably best described by the general
designation of free radicals.

Semenov (18) suggested the most widely accepted

explanation of gas-phase oxidation of hydrocarbons
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behavior. This mechanism proposed that, during reaction,
a product was formed which reacted after a time

(very long compared with the normal life of a chain

carrier), to initiate two new chains carriers, except at

very high temperatures, to be free radicals or

atoms. Thus the react ted by the

following gener v of an alkane

(where RH repres AN, x\;?esents an

initiating speci

Initiation (8.1
Propagation (2.2
(2.3}
(2.4)
(2.5)

____;_-) RCHO + OH° (2.6)

F‘i‘HEJ’M@HVﬁWMﬂ‘@

Termlnatlon (e.g. ) 2RO ¢  ——ee-- =, surface Qs (2.8)
Q w’] @ﬂn?emy.u’lzq nﬂl@mﬂ fate
of, for example, the hydroperoxide formed during
propagation. Occasionally, however, decompositioh occurs
which yields two chains centers (reaction (2.5)) and

brings about chain branching. Reaction (2.5) is not the
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only step by whiéh branching occurs; thus in reaction (2.6)
‘an aldehyde is formed which reacts further to effect
chain branching. The radicals are terminated by sufface

destruction.

Elbe and Lewis -‘= ted the theory ‘of

tlon

hydrocarbon combu 1nterna1

combustion engi 2 ﬁn-. is pictured to

1nv01ved a race bg , QSESEE;:::T?v1ng flame and
the spontaneous ign it =5 ’

\\\\.arge ahead of

the flame.

Knock rating of gasolis

- The kngpc Found by

comparing thA’ﬁ;i N4
) 1
reference fuels (PRF) These fuels are n-heptane with an

e 5 B PRI WA o

RIS

adopted as the standard for determining octane nunber.

primary

Basically, it is a single cylinder, four-stroke engine in
which the compression ratio can be varied at will. Brief

the procedure followed is to vary the conpression ratio to
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obtain a standard knock intensity as measured by an
electronically controlled knock meter, using an air/fuel
ratio the ‘gives maximum knock. When this knock meter

reading is bracketed by two reference fuels differing by

two octane numbers, th e sample is calculated
by interpolation.
N the antiknock
quality of a fue , iffernt ne parameters:
ane nunber (MON),
and a number cor 1 , o distribution
. The most
important of these from = ; vekpoint. is the

research oct ax ¢ idely used to

— "
— -|-f ;

: Y J
define octane Gua i determined by

ll

|

the research or ]"-1, rating met.hod and relates malnly to

corasivefl UEANERI! WEH 4 rouma

uqnwﬁ aa m The moto§
rating method rel a es Lo more severe dng'!, c ﬂons

such as high-speed, high load operation. Most gasolines
show a higher research octane number than motor octane
number, and the difference between these two octane

ratings is called the sensitivity since it affords a
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measure of.the sensitivity ofvthe fuelbto changes in
operating conditiohs, i.e.
Sensitivity = RON - MON
Sensitivity (S) is often used instead of MON and together
”)ormance. The third
@c the distribution

octane parameter i
——

N

with RON to define roa

range of the
\;utlon in a fuel
is that some cargh vr;ij“ll ring full throttle

. g -oéiling from the
low-boiling comp :  =.£; ' X fold. Octane
distribution of a ve¥ocmn e ed by a number of

different methpds'in the labor! type of test

neasures thé" ge Ler fractions that

i

J

distill off under standard cond1t10ns, the most common

e § B ABRIWBIAG . o

JANTLARRA AL LN ELIREL, .

designated as aR, ... -often shortened to AR. Another

jﬁtce between the Rdﬁ of this £maction and the RON of
theq 0

method not now used very widely in the oil industry,
enploys a CFR engine fitted with a special manifold which

allows some of the heavier fractions to be segregated
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before bhey reach the engine.

Antiknock Compounds and Their Mechanism

These are compounds which, when added to gasoline

in small amounits, cause rease in octane
nunber. The ideal wequiren : tiknock are:

-Low coS! ifcreas setane rating.

-Relat iy i1ing ten ire to ensure

-Sta 9;

Antlknoqk agents fall 1nto two dlstlnct classes:

o B SR o
LA IFIORY) (AR

respective modes of action. Egerton (19) attributes the
antiknock effect of the metallic agents to the fact that
the metals in question are capable of forming two or more

oxides in equilibrium at the end gas in an engine, and
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that the oxide is the active agent which breaks the
reaction chains. Other evidence suggests that the free
netal atom is involved. On the other hand, the relatively

unstable organic antiknock compounds probably cannot

undergo such reaction , . They usually are, in
act of chain-brealking, oxidi /&osed or otherwise
‘ 7 | ——

rendered ineffect ory action.

In the cg of /of gandmetal); _eompounds, it is
stated by Egertofl (#0)Ff ghat the moleculemust be
dissociated before ffecblve,
correspondingly, ‘ “compounds which are

: S
chemically stable undet* ons existing in an
engine are ind s antikno tsh, sfns & Mardless

7
(20) establisled the organic

j

radical is the agtlve constltuent of antiknock compound.

ALUINININEIN ';m :
ﬁkﬁﬁ anhs . nOt i iﬁ)] rsﬁ the two -stage

equrlments have been per ormed to show

ignition occurring in an engine paralleis that at low
pressures. All the evidence indicates that'if particles of
metal oxide with adequate surface were to be formed in an

engine, such surfaces could then inhibit the reaction in
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the end gas zone to prevent knock. Recent experiments
performed.by V.K.Rao and C.R.Prasad (21) has been shown
that the total extent of effectiveness of TEL can be

completely accounted for if some of the TEL decomposes

forming PbO, in the en the chlef criterion

that decides its

Preparation of Org

In this 3
a compound whichgte - 3) : j ' formlng tin

metal or tin oxid sombustion chamber.

Siek '4 -2k

Therefore, tetraalkyl®d igated in order to

determine th3b=

== —
)

compounds of lowgr molecular welght are %@qulds at room

— R PR v

addition to a carbonyl group. They are not highly

The d the

sensitive toward strong aqueous bases, but cleavage of the
carbon-tin bond occurs readily with halogens, hydrogen

halides, or strong aqueous acids.
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>These compounds were prepared by various kinds of
synthetic methods such as the Grignard reaction, Wurtz
reaction, reactions with organoaluminums and direct

reaction (14,22,23). The Grignard reaction, Wurtz reaction

and reaction with organo < \\ Wre generally suitable
S other hand, direct

\;::::::;of R SnX,

for the preparation of

reaction are sui

The Grig f»g' 1S Dee i-d for a long

time as the synt : tin compounds, and

now it is widelyru ed'3{~* : tally and industrially.

This is probably caction easily

gives R, Sn in .fJ'Teagent, and

aed by the
Kocheskoﬂr%%}’g fi{]gﬂ ﬁlshw;ﬁlq ﬂ ‘ﬁ.e organotin

KL SUPHIF R gL TN

In the Grignard reaction, a four-fold excess of

iu

the other organotln derlvatlves are prod

Grignard reagent as an alkylating agent over stannic
halide is theoretically required as shown in eqn. (2.9).

4ARMgX + SnX, --------> R,Sn + 4MgX, (2.9)
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But actually, the resulting product is a mixture of R, Sn,
R SnX, R, SnX, and RSnX, when a four molar ratio of
Grignard reagent to SnX, is used. So, generally, by

using more than a four molar ratio of Grignard reagent to

the Grignard re ethyl ether-

hydrocarbon mixtu i/ \E\Q rofuran and
butyl ether have ._ :f~ : y0d solvent and they

N

give improved yi

The Wunt ction, whi on~in situ

v 4
— -y

P W AR i
formation of ’{., 2 ’ is a reaction

] | {!

for synth93121ng R Sn by the reactlon of annic halide

s A PRERFNEART. o

dlsadvantage is that largé volumes ofysolvent hawesto be

ARSI 0ERE .

to the hydrocarbon R-R.
SnX, + 4RX + BNa -------- > R,Sn + 8NaX (2.10)
The yields are usually only fair, and, as shown in eqns.

(2.11)-(2.14), various kinds of side reactions also proceed.
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R, SnX, + 2Na -------- > R,Sn + 2NaX . KB<11)
2R_SnK + 2Na --------> R,SNSNR, + 2NaX  (2.12)
9RX + 2Na —------- y R-R 4+ 2NaX (2.13)
SnX, + 2Na —------- > SnX, + 2NaX (2.14)

The basic Wurt applicable to almost

all simple alkyl a , there are many
disadvdntages: ' pugh further
alkylation or ar ‘ﬁf'boiling |
hydrocarbon by- l;rgl of sodium

granulation, fo 3 compounds

“d i IR

which are difficu

., By
0 _’_jx-' ¥y

e
L { ;.-- Y
products, the hazard of-excess

£ ' ‘ \.‘ 11y to the desired
n (becauée any reagent
‘used to des Lk

v,

products) and 4irf :

) | |
U ININTNENS
AR IS

carried out in the absence of solvent but the aluminium

: f} destroy sone

X

mperatures.

chloride which is formed during the reaction forms a
complex with the dialkyltindichloride and

trialkyltinchloride which inhibits further alkylation;
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this can be avoided by carrying out the reaction in the
. presence of a strong complexing agent such as ether or

amine.

4R_A1 + 3SnCl, + 4R’ 0 -------- > 3R,Sn +4A1CI1 R’,0 (2.15)

This method is useful_fa sy s of higher alkyltin
nard method is
> prepared

lower. Tetrabut

~ industrially by

The organ®ti y.be synthesized directly from
tin metal, tin alloys™ 'J'-l, | tin (IV) halides and
849. The

this method was ing

& r— A

direct synthﬂ«js as been reviewed by
J )
u

Hurphy and Pol er (24)

ﬂ %&W‘W 8‘% iw Ej‘qﬂjalkylhahde

has obv1ous attractions a6 an indusfrial processg,but in
pjilsﬁgtrljﬁi;Slel;j:glJL;LL12121;53 1ﬂinL:];éionct is
nost commonly the diorganotindihalide. The order of
reactivity of the alkylhalide is RI > RBr > RCl. A
catalyst is also required and this is typically a

quarterﬂary halide or trialkylderivative of the Group V
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element, R _MX or R .M (M = N, P or Sb). The direct
synthesis‘is employed for the industrial manufacture of

dimethyltin dichloride.

Literature Review

alky/group were

——

In 1921,
knock compound,
proved.to be the most
'; s d early 1970’s,
1 led to
legislative res£  ;2; omot, ;. xhaust emissions.
Nobel metal exhausi catal ;‘73 s, which are poisoned

by lead, werg é*e legislation

-
N
Wds’ fron gasoline

U

requiring gradi

i

caused renewed 1§ﬁerest in nonlead octane quality improvers.

ﬂewweamwmmm,

have been nade t® find othem compounds %hich can

KON ARV ek 1T

as MMT (methylcyclopentadienyl manganese tricarbonyl)
(1,3,5,11,14) and iron pentacarbonyl (13,14) were used in
Europe and the United States, but they were banned later

for the reason thah MMT agggraved the emission and air
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pollution and iron pentacarbonyl reduced the lifetime of
valve and other parts of the engine because of its
combustion product, iron oxide. Materials that received

significant attention are oxygenates such as alcohols and

ethers because they conserve il, supply antiknock

@n reduction.

—

Oxygenates, which e blending

components, includg (EtOH), iso-

propyl alcohol (IR ' bty ~{TBA), and methyl-
tert-butyl ether . 1;:h is widely
used now must be b . on with gasoline
(10-20% by volume) ‘a":-‘,i‘ e required but it is

ates from a

) :
0 o serious

expensive. HeOH i

strictly econowic

[y i

problen is the seyaratlon of blends into hydrocarbon and

wrtone 53 BERT HHNRE

eri 1riaa evel i.e. watef tolerances%8). This pnpblem is
rbat

AR ARIANANAE..

exaq‘a

nore molecular weight alcohols should solve this problen.
Today, a higher alcohol such as TBA, IBA, SBA or IPA
practically can be blended with MeOH, increase the water

solubility of gasoline containing MeOH and increase the
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equilibrium concentration of MeOH in gasoline phase,
should the solubility be exceeded. In this study we
evaluated C,_, alcohols as a high octane blending

component which could be used in place of MTBE because

they are cheaper than A gher class of compo>unds is

suitable non-toxic ' tall&mds which could be

—

& i\ soline would be
very useful (5,14 \\\i

‘ \\ pound which
selected for det ! 'S X \u compound should

h

have many advant ey in the same group as
lead in the peri they should have similar
as TET (tetraethyltin)

(5), TBT (tetfs : 1t.in) (14)
\
cL at t.he
|

i

were used in s6le

U

antiknock propert..y was 1mproved Secondly, organotin

oSN HREHBATT

decomwltlon products, 1forgan1c t imw compounds, @ate non-
toxqc and v@q nﬁm ;\lm ’3 nﬂ’laﬂ

excellent lubricant when allowed to comé into contact with

moving parts in the engine, thus providing the necessary
lubrication and compensated for. the loss of lead’s

lubricating qualities (14,23). This study tetrahexyltin
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was synthesized from the Grignard reaction because this

reaction gives yield higher than among the others.

AutIngnineins
RIANINUNINGIAY.
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