NN )Y

CHEMICAL STUDIES ON SOME
BASE LUBRICANTS FOR
TURBO-JET-ENGINES

THESIS
SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS
FOR THE DEGREE OF
MASTER OF SCIENCE
IN
CHEMISTRY

E: 1_’l..I

HANY KAMAL NAGEE WALY ALY

Chemizstru Cepartment

Girls Cciisge for U]/‘;bt
e

Arts, Stience an:n:{ Ed_\.:catmn -
AIN SHAMS UNIVERSITY »

113733 /
=3 7

a2 7

Central Library - Ain Shams University



CHEMICAL STUDIES ON SOME BASE
LUBRICANTS FOR TURBO-JET-ENGINES

THESIS ADVISORS APFROVED

Prof. Dr. Abo El1-Khair B, Mostafa 4. M pe

Chemistry Dapartment, Girls Collage for Arts, //>

Scinance and Education, Ain Shams Univarsity.

Prof. Pr. Ismail Al El-Maqly

Application Division, Eqgyptain Patralaum Rec-~
earch Institute (E. P.R. L, 1.

Dr, Wasfy M. Mokhtar l/".;ﬁ“l_v}';

Head of Engunaeering Department, Military E—c—rademy
Cairo

Head of Chemistry Deparment

—
/___ JET PN e A X ¥
/—'-_——H_

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



ACKNOWLEDCMENT

zuther wishes +o expres

3 n.E o IlnTers zoTreciztion ard
e T .. an ek
s o o e e _
EET I Z.oriTEs nesiziry
3 STLETr
- -
_‘r-s S ot i s o= - - - .- [P — b -
o - erm taen w
LT ard varvin e R R 4
—~ .
2 vt e e o -
- . d - -SRI i - &8 . T 0 ) 3
LY Wishes D reItrd iz gyest it as EUge | EllTere

Lratamer T e W ome o - :
e S z SalEl s LI DI TEENIIT tra Iriz.em r.E 2T
- = - -i.Z [ - L2l T
o - - P S 3
- - R
=72 .-Gl Fl1Zance
Trs~ie -n - - = - - - <. :

Central Library - Ain Shams University



NOTE

Besides the work carried out in thiz -resis  +he candidate
has attended pestgraduate courses in the Isliowing ropics -

1- Photochemistry

2- Microanalysis

3- Pclymer chemistry

4- Quantum chemistry

5- Spectroscopy

©- Chemical Kinetics

7- Thermodynamics

3- Serman ianguage

He has successfully passed a written examination in these

durses. Ln partiai tuifilliment for the tegree cr Master of

1

Scirence.

Central Library - Ain Shams University

A



CONTENTS

AIM OF THE WORK oottt
SUMMARY et e
INTRODUCTION .ottt et
L. LITERATURE REVIEW ....ccociiiiimmiiiaeimmiieieeeree oot
A. Synthetic lubricants ......occccocvicieiiiiiiiiieeeeee e,

a.  History of synthetic 1ubriCanTSciiiiie e ee e e

b, Types of synthetic IUbriICANTS wuvveevieeemeeeereeieieoeoeeseoon,

C.  Properties of synthetic JUDrICARTS wrvovrvverieeeeeoooeeeeesoian,

¢. The attributes of 2 000 SYRTRETIC 'UBLICAMTmmrnreirerrnn...

e. Field of services of synthetic lubricants

.......................

.....................................................

92
t)
la)
4
!
D
3
aa
—
)
(2]
[
193
]
=
m
o
—
)
-
i
e
w
o4
M
3

. Demands on ayroraft lusricants

...................... Arasesanseris

.............................

C. Esters of monocarboxylic acids

...........................................

i+ RezCTiviITy 0 reactants 17 esTer i ation reac iom .. ...

: N ECRETIS T 0l 8Ter T I 2TI0% vvim et eeeee oo

200 General mMethols O E5Ter T ICATION wiimveveneee e oeeeseeeon s

e Pl ol esters i e

I EXPERIMENTAL WORK .oooooiiiiiiniiiieiiee e
A, Preparation of polyol €Sters ..ceouieviiiiieeemeeiesisieeeseeeeeeeeii,

a Descriguion of the zoperatis ased in tre Dreparations

= & TSRO

Central Library - Ain Shams University

i1

v

23
30
31

32

32
37
39
4]

42

us
47

49
52

60

60

60



A.

Study  of some factors zifecting  1ne  oreparztion
of the polvol esters. "trimerhyviolpropanetrirezatznoate
2s a model rezction” v, ereeea eeerreaeieens
The schedule cf the reaction ...... e e,
Preparztion of mrimethyvlolpropane esiers coovvvvievieeeann.

Precaration of pentaervihrizal esiers .ou....... vereraeiaas

Physico-Chemical characteristics of the prepared esters......

Laboratory testing of the prepared esters as base oil

for turbo-engine lubricants according to air specification
3514.

IIIl. RESULTS AND DISCUSSION ..coovviiiiiiiiiiieiireeieee, Crereeee e,

Esterification of polyols with n-monocarboxlic acids............
z. Trne schedule of the rezction ...,
5. Effect of cata.yst and azeolropic agenl on tne prepara-

[

1lon of trimethyvlolpropanetriheptaroate (as a model

reaction) wueiaeniieene..
i Prepzrztior  ©f  ri~elri.oproparetrinepizrozie
WwiThout the use o Calalyst 27C Z7€2Tropic agent....
2. PreparzTior  0i  triTeirv.ooropzrelrihentaroste
WITR The Lre ol L2TelST ETC 2re0TTopiC zpent
SEDEET N civrineniases . e, e
3. Pregerziior 21 wITeTt L0IronzTEIrIMenIzooLre
wiln the  use 01 Cataivet and 22e0lT0pIC zgenT
TOREINET e, S benreearerereiaraar e Sreeerrraciiaa
Preparation : TOMOLOELLE SET e AT esiprs Ges
LR R SIS telgalote' o R fererinian
Prepzration oI -omoiogous  series O esTers  fro
DETIZETVITI IO cvivvenanns Cerreaieaiaaas D ..

Tre reactintmy 0F SO 0IS L58T it

Central Library - Ain Shams University

\\J

63
64
64
65

66

67

69
69

69

69

70

70

73

73

76
76



-
k-
Page
B. Physico-chemical characteristics of the prepared esters....... 79
a. Elementarv analvsis and rrean average  molecular
Welght determiNation .vvriceecieeeicirieereeee s vevsesann, 79
B.  LR. spectral analvsis wueeveeeiemmreeveneee i 79
C. Aspects on some phisical properties of :he orepared
EETOT S trutm e rn it e eyt en v et s 9
C. Laboratory testing for the prepared esters as base oils
In comparison with the commerical turbo-engine oil sample
(turbonycoil 13 B) according to air specification 3514.......... 108
D. Comparison between infra-red spectra of the prepared
esters and the spectrum of commerical wrbo-engine
lubricant (turbonycoil 13 B) .iocoviviiniieiieieeceeeeeeeeeos 111
CONCLUSIONS ittt 112
REFERENCES ..ottt e 114

Central Library - Ain Shams University



NOMENCLATURE

Symbol Meaning

TMP Trimethyloipropane
\MPE Monopentaerythritol
NPE Neopentvlpolvol

ale alcohol

F Flurd

wh white

liq liquid

col colourless

ch cubic

v Very

5l shightly

5 soluble

SHF Svntretic Hvdrocarbon FlLio
SST Supersonic Transport
T tme

Wave rumber of  <irern hed vibration
of CH. & CH% [sy mretr. ..
ra -

as Wave number of stretched vibration

of CH, & CH3 [asvmmerric]

7 Wzie number of cending  vibration  of
CH2 & CH3 [svimmetric]

o : .

as Wave number of sending  wibration  of
CH, & CH3 lasvmmetry

Str.Vib Stretching Vibration

Ben. Vib. Bending Vibration

V] Viscosity Index
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This work s 3 part of 3 troarac TEILT vrrrizd i zv sra
Zgvrtian Petroleum Fesearch Inssizu-e BRI Zealinz aith zwady
and preparation sf some TYPeE LI SYntRetic LlIriciscs nosco za ser
the local market to meet the demands o< Lomkh Tivn ozl i s ienres

developed engines and instrumenta*isne

The type of lubricant censidered n +nis werk is *hat which
meets the demands of aircrast rarkbe -engines of speed regimes oS

Mach 1 *c 2.5 accerding te the air svecification, 514

Esterificarizn of trimethyiclprepane or monopentaerythritol

with n-monccarbexyiic zrids of carken atcm-niimber C4 T, and Cq
I

nave been investigated for *he aim -f cbtaining several esters

with increasing viscesity giving Sase lubricants of wide range of

i2lng recent tecnnigue ard
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SUMMARY

In this study homologous series of esters were vrerared by
direct esterification of trimethylolpropane /'TMP) or pentaery-
thritol (PE) with n-butyric, n-heptanocic and n-nenanoic acids
usging cadmium chloride as a catalyst, and following the technigue
of esterification by continuous removal of water of the reaction
by the aid of azeotropic agent. The percentage conversion of the
reaction was determined on the basis of the quantity of water

collected periodically as one of the resultants.

Esterification of trimethylolpropane with n-heptanoic  acid
was studied as a model reaction and its optimum condition was
applied for the others. Applying the optimum conditions and
following the technique of continuous removal of water during the

reaction ieads to 98.8% conversion {pentaerythritoltetrabutyrate),

Trimethylolpropanetributyrate, *rimetnylolpropanetrineptano-
ate trimethylolpropanetrincnanoate. rentaerythrizoltetrabuty-
rate, pentaerythritoltetraheptanoate and Tentaerythritoitetranona-
noate were prepared under the same cconditizcns of reaction in crder
to study the effect of changing the aikyi chamn -2n2tn cof  the
acids, and also to study the effect of the nydronyi Jroups ard
their distribution in the peiyol molecule used in the reaction,

and to obtain esters cof different physico-chemical properties.

Elementary analysis. mean average molecular weight determina-

tion and i. r. spectral analysis were carried cut to identify +the
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prepared compounds and the data obtained fizate that the experi-
mental values are in agreement with the Proicsed  e2ster formula-

tion.

Some correlations have been deduced from the measurements of
density, molar volume and Kinematic viscosity that determined <or
the prepared esters. These correlations could identify the prepar-
ed esters and any ester belonging to the homclogous series having

Carbon atom number from C4 to C9 per acid molecule.

Laboratory tests such as appearance. colour, density, kinema-
tic  viscosity, A.S.T.M. siope, pour peoint, flash point, fire
point, total acidity, viscesity index (VI) and refractive index
were carried out for the prepared esters according to some of the
*ests mentioned in air specification 3514 in comparison with those
ci a commercial turbc-engine lubricant ‘turbenyeoll 13B 1. It e
coneluded that scme of the prepared esters are considered as base
cil which may be used for the formuiation of a finished iabricant

atcerding to the mentioned specificazion.

Infra-red spectral analysis and characterissics  zeudied izr
the commercial turbonyceil 13B irndicate <+kat =v-p zil and the

brepared esters in this work are of the same TvTe.

Central Library - Ain Shams University



INTRODUCTION

Central Library - Ain Shams University



