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APPENDIX I

Fig. A-l FTIR Spectrum of 60 SN

Fig. A-2 c 13 NMR Spectrum of 60 SN
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Fig. A-3 H 1 NMR Spectrum of 60 SN
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Fig. A-4 FTIR Spectrum of 150 SN

J j AilL.
zoo (90 MO 170 160 130 MO 50 70 60 50

Fig. A-5 c 13 NMR Spectrum of 150 SN
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Fig. A-6 H 1 NMR Spectrum of 150 SN
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Fig. À-7 FTIR Spectrum of rice bran oil
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Fig. A-8 c 13 NMR Spectrum of rice bran oil
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Fig. A-9 H ! NMR Spectrum of rice bran oil
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Fig. A-10 FTIR Spectrum of butyl ester
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Fig. A-l 1 c 13 NMR Spectrum of butyl ester
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Fig. A-12 H 1 NMR Spectrum of butyl ester
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Fig. A-13 FTIR spectrum of hexyl ester

Fig. A-14 c 13 NMR Spectrum of hexyl ester
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Fig. A-15 H 1 NMR spectrum ofhexyi ester
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Fig. A-16 FTTR. Spectrum of octyl ester

Fig. A-17 c 13 NMR Spectrum of octyl ester
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Fig. À-18 H 1 NMR spectrum of octyl ester
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Fig. A-19 FTIR spectrum of 2-ethyl-1-hexyl ester
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Fig. A-20 c 13 NMR spectrum of 2-ethyl-1-hexyl ester
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Fig. A-21 H1 NMR Spectrum of 2-ethyl-1-hexyl ester
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Fig. A-22 FTIR Spectrum of 4-methyl-2-pentyl ester

Fig. A-23 c 13 NMR Spectrum of 4-methyl-2-pentyl ester
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Fig. A-24 H 1 NMR Spectrum of 4-methyi-2-pentyl ester



Fig. A-25 TGÀ Thermogram of Base oil (60 SN)

Fig. A-26 TGA Thermogram of Base oil (150 SN)
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Fig. A-27 TGA Thermogram of Rice Bran oil
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Fig. A-28 TGA Thermogram of Butyl ester
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Fig. A-29 TGA Thermogram of Hexyl ester
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Fig. A-30 TGA Thermogram of Octyl ester
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Fig. A-31 TGA Thermogram of 2-Ethyl-1 -hexyl ester

Fig. A-32 TGA Thermogram of 4-Methyl-2-pentyl ester
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APPENDIX II

% Fatty acid composition of vegetable oils

Type o f  F atty  

a cid

S u n flo w er

o il

C astor

o il

C oconu t

o il

P alm

oil

R ice bran  

o il

Soybean

oil

Palmitic 3-6 2 8-11 32-45 12-18 7-11

Stearic 1-3 1 1-3 2-7 1-3 2-6

Myristic - - 13-19 0.5-6 0.4-1 trace-0.5

Oleic 14-43 trace-7 5-8 38-52 40-50 15-33

Linoleic 44-75 3-5 trace-2.5 5-11 29-42 43-56

Ricinoleic - 85-95 - - - -

Hexadecanoic - - - 0.8-1.8 - -

Linolenic - - - - trace-1 5-11

Palmitoleic - - 0-1 - 0.2-0.4 -

C20-C22 saturated - - - - 1 -

Laurie - - 44-52 - - -

Capric - - 6-10 - - -

Caprylic - - 5-9 - - -



APPENDIX III

Structure and M olecular weight of Fatty acid

Structure MW.

Palmitic acid c  16H32O 2 256

Stearic acid c 18h 3602 284

Myristic acid C 14 H 2 8 0 2 228

Oleic acid c  18H34O2 282

Linoleic acid C 18 H 3 2 0 2 280

Ricinoleic acid C 14 H 2 6 0 3 242

Linolenic acid c  is H soO ? 278

Palmitoleic acid C 16H 30O2 254

Laurie acid C 12H24O2 200

Capric acid C 10H 2 0O2 172

C20-C22 Saturated
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APPENDIX IV

Synthetic Base Fluid Specification

C A S T R O l INTERNATIONAL RAW  M A TER IA LS SPECIFICA TIO N  (CIRMS)

8RAN0 SUPPLIER APPROVED
Emkarate
Emtara te

1090
1090X

ICI (CHEMICALS 4 POLYMERS) 
ICI (CHEMICALS 4 POLYMERS)

AMENOMENT No: 5 DATE: 07/09/94 AUTHORISED: C h ar le s  Oevroey. Technical Suppor t  (Eu rope) .  Automotive.

FUNCTION : Base f l u i d  - s y n t h e t i c  e s t e r .  Prime use in automot ive  gea r  o i l s .

chemistry : Common: O i- i sodecy l  a d i p a t e .
Per CAS: Hexanedioic a c i d ,  d i i s o d e c y l  e s t e r .  Formula: C26 H50 04.

C.A.S. NO( ร ) / For "1090” only:
INVENTORY : TSCA

•EINECS
A i e s  ( A u s t r a l i a )

CEPA (Canada)
MIT! (Jaoan)

CHEMSTOCK : March 1989 (by A utomotive) .  Superseded  by amendment 004.

DESCRIPTION ;

TESTS ANO INFORMATION:
DESCRIPTION METHOOS MINIMUM MAXIMUM TYPICAL UNITS FREQUENCY/USE

The l e v e l s  below ( e x c e p t in g  Noacfc and Hydroxyl ) a re  as per* an ICI Sel H o g  spec  oT 16-Aug-93 Tor the  ” 1090X“ v e r s io n :
Appearance 8AM 300 C le a r l i q u i d ,  s u b s t a n t i a l l y Each O e l Iv e r

f re e from suspended m a t t e r .
O ensi ty  a t  20'C IP 160 /  ASTM 0 1298 0 .915 0.925 g/ml Each O e l iv e r
V i s c o s i t y  a t  100'C IP 71 /  ASTM 0 44S 3 .5 3 .8 e s t Each D e l iv e r
V is c o s i ty  a t  40 'C IP 71 /  ASTM 0 44S ' 1 3 . ร 15.0 cS t Each O e l iv e r
V i s c o s i t y  Index IP 226 /  ASTM 0 2270 : 145 - Each O e l iv e r
F la sh  P o in t  - coc IP 3 4  /  ASTM 0 93 210 X Each O e l iv e r
Pour P o int IP 15 / ASTM 0 97 minus 60 X Each D e l iv e r
Acid Value IP 139 /  ASTM 0 974 : IP 1-A - 0.10 mgKOH/g Each O e l iv e r
Noacfc V o l a t i l i t y OIN s i s a l  /  CEC L-40-T-87 18 I  Ht loss Type Aporove
H ater  c o n te n t (K.F) ASTM 0 1744 0.10 :  wt Type Approve
IR t r a c e  * - labs equ ipped to  run t h i s  t e s t  may wish t o  t a t e  a Mas ter  t r a c e  from a d e l i v e r y which

has g iv en  s a t i s f a c t o r y  p r o d u c t s ,  and use t h i s  M as ter  to  check fu tu re  d e l i v e r i e s .

Colour - Hazen ISO 2211 . 30 in fo rm a t io n
Free Alcohol C4P/AC/11/4 (pe r  s u p p l i e r ) 0 .10 ะ wt Inform a t ion
Hydroxyl Groups ASTM E 326 - 1.0 mgKQH/g Inform a tion
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C A S T R O L INTERNATIONAL RAW  M A TER IA LS SPECIFICATION (CIRMS)

8 RAW SUPPLIER APPROVED
Emery 2934 HENKEL (EMERY DIVISION)

AMEWMENT No: 3 OATE. 31 /03 /93 AUTHORISED: Ja n Trocki. Technical Support.  Automot ive . Pangbourne.

FUNCTION : Base f l u i d ,  s y n t h e t i c  e s t e r  t yp e .

CHEMISTRY : Common: "TMP - C9~ or  t n m e t h y l o l p r o o a n e  t r i p e l a r g o n a t e .
Per CAS: Nonanoic a c id .  2 - e t h y l - 2 - { [ ( 1 -oxononyl)oxy]methyl ) -1 .3 -  

propaned iy l  e s t e r .  Formula: C33 H62 06

C.A.S. พ ( ร ) /  
INVENTORY !

126 - S7 - a

CHEMSTOCK : AoDroved: Oct-90 (by Auto).  SUPERSEDED 8Y THIS AMENO.

DESCRIPTION :

TESTS ANO INFORMATION- 
DESCRIPTION METHOOS minimjm"  maximum TYPICAL UNITS FRECUENCY/USE

Aooearance 8AM 300 ( v i s u a l ) C l e a r ,  w a te r -w h i t e  ใ qu id . Each D e l iv e r
Colour - ASTM IP 196 /  ASTM ว 1S00 - 0 .5
V isc o s i ty  a t  100 'c IP 71 /  ASTM 0 445 4 .4  4.7 cSt
V isc o s i ty  Index IP 226 / ASTM 0 2270 13S
Flash Po int  - c c c IP 36 /  ASTM 0 92 248 255 'C
TAN (T otal  Acid Number) IP 1 - A ; ASTM 0 974 0.05 mgKOH/g
Water con ten t (K.F) ASTM D 1744 so o l mg/kg
IR t r a c e Comoare to  s ta nd a rd Reasonab le  agreement

O ensi ty  a t  20'C IP 160 /  ASTM 0 1298 . 0.94S g/ml in form a tion
V isc o s i ty  a t  40'C IP 71 /  ASTM 0 445 20 .0 ' cS t
Noack V o l a t i l i t y 01N 51581 /  CEC L ^O -T-S? 3 .0 J wt loss
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C A S T R O L  IN TERNATIO N AL RAW M ATERIA LS SPECIFICA TIO N  (CIRMS)

8RAN0 SUPPLIER approved

Hatcol 2910 HATCO CORP. 23/04/91

AMENDMENT No: 0 GATE : 25/06/91 AUTHORISED: Dave We Hum. A v ia t ion . I n d u s t r i a l .  Pangbourne.

FUNCTION : D i e s t e r  base  s tock  fo r  i n d u s t r i a l  gas t u r b i n e  l u b r i c a n t  (C a s t ro l  3000).

CHEMISTRY : D i i s o  d i o c t y l  a d i p a t e  /  d 1i ร๐ decyl a d i p a t e .

C.A.S. NO(ร)/  
INVENTORY :

CHEMSTOCK : Pend ing.

DESCRIPTION :

TESTS ANO INFORMAT ION;
DESCRIPTION METHOOS MINIMUM MAXIMUM TYPICAL UNITS FREGUENCY/USE

Aopearance bam 300 C o l o u r l e s s ,  mobi le  l i q u i d .  To be Each
c l e a r ,  b r i g h t  and sediment  f r e e . d e l i v e r y

V isc o s i ty  a t  100'c IP 71 / AS7M 0 das 3 .5  3.7 e s t
and w i t h i n  31 of Hatco r e s u l t .  *

Water c on ten t (K .F . ) ASTM 0 1744 ■ 0.050 X wt
and w i t h i n  101 of  Hatco r e s u l t  *

* A cooy of  the C e r t i f i c a t e  of A n a ly s i s  to be se n t  by Hatco w i th  each d e l i v e r y ,  and on r e q u e s t  t o  Pangbourne.
GLC t r a c e GLC ( t o  be a g ree a  w i th  Hatco) S i m i l a r  to s ta nd a rd

In a d d i t io n  to  the  above checks .  C a s t r o l l a bs  shou ld make o c c a s io n a l  random checks  on the  pu rchase s p e c i f i c a t i o n  below:

O ensi ty  a t  15'C IP 160 / ASTh 0 1296 0.917  0.925 g/ml See above
v i s c o s i t y  a t  40'C IP 71 / ASTM 0 445 13 15 cS t
Flash  Po in t  • coc IP 36 / ASTM 0 92 216 - , •c
Pour Po int IP 15 / ASTM 0 97 minus S7 *c
Total Acid Number IP 177 / ASTM D 664 0.05 mgKOH/g



APPENDIX V

ABBREVIATIONS

K.v. = Kinematic Viscosity
KVI = Kinematic Viscosity Index

°c = Degree celcius
cSt. — Centistokes
c o c = Cleveland Open Cup
ASTM = American Society for Testing & Material
ppm. = parts per million
Hrs. = Hours

PMCC = Pensky-Marten Close Cup
NMR = Nuclear Magnetic Resonance
Temp. = Temperature
TGA ะ= Thermogravimetric Analyzer
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