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Fig. A-l FTIR Spectrum of 60 SN
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Fig. A-2 ¢ BNMR Spectrum of 60 SN



Fig. A-3 HINMR Spectrum of 60 SN
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Fig. A-4 FTIR Spectrum of 150 SN
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Fig. A-5 ¢ BNMR Spectrum of 150 SN
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Fig. A-6 HINMR Spectrum of 150 SN
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Fig. A-7 FTIR Spectrum of rice bran oil
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Fig. A-8 ¢ BNMR Spectrum of rice bran oil
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Fig. A-9 HINMR Spectrum of rice bran oil
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Fig. A-11 ¢ BNMR Spectrum of butyl ester
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Fig. A-12 HINMR Spectrum of butyl ester
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Fig. A-13 FTIR spectrum of hexyl ester
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Fig. A-14 ¢ BNMR Spectrum of hexyl ester
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Fig. A-15 HINMR spectrum ofhexyi ester
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Fig. A-16 FTTR. Spectrum of octyl ester
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Fig. A-17 ¢ BNMR Spectrum of octyl ester
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Fig. A-18 HINMR 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 ¢ BNMR spectrum of 2-ethyl-1-hexyl ester
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| Fig. A-21 HINMR Spectrum of 2-ethyl-1-hexyl ester
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Fig. A-22° FTIR Spectrum of 4-methyl-2-pentyl ester
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Fig. A-23 ¢ BNMR Spectrum of 4-methyl-2-pentyl ester
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Fig. A-24 HINMR Spectrum of 4-methyi-2-pentyl ester
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Fig. A-25 TGA Thermogram of Base oil (60 SN)
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Fig. A-27 TGA Thermogram of Rice Bran oil

—— P EASe e e I I D L ——— 1 NIRRT e

tew Cotectet Wl A Ut sctod Wegnt % (%) Tew |

g O, Cmabom ——— 1" A1 9ROV 1311 SHTT ted

——— O " Demvwtve Unevtwecsnd Weght % (i) : fey |

- W 19040
P e 1301
fl ol L7190 = yras

100 n
Yiermm %
Ki=30.030 ¢ °
-1
2

: i N
= . = o«v-u::n!

! N Dimmeel L L off
L] - i ~ o | MR |

1 ] ] - S yreromun Oemm =495 % 1

! ! | - 5450 ;

L - o
10 100 150 300 350 300 3» ‘00 <50 500 350 900 931

Fig. A-28 TGA Thermogram of Butyl 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
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Fig. A-32  TGA Thermogram of 4-Methyl-2-pentyl ester



Type of Fatty
acid

Palmitic
Stearic
Myristic
Oleic
Linoleic
Ricinoleic
Hexadecanoic
Linolenic
Palmitoleic
Cao-Ca2 Saturated
Laurie
Capric
Caprylic

% Fatty acid composition of vegetable oils

Sunflower
oil
3-6
1-3

14-43
44-T5

APPENDIX I

Castor ~ Coconut
oil oil
2 8-11
1 13
13-19
trace-7 5-8
35 trace-2.5
65-95
0-1
44-57
6-10
59

Palm
oil
32-45
2-1
0.5-6
38-52
>11

0.8-18

Rice bran
oil
12-18
1-3
0.4-1
40-50
29-42

trace-1
0.2-0.4
1

92

Soyhean
oil
-1
2-6
trace-0.5
15-33
43-56

511



APPENDIX I

Structure and Molecular weight of Fatty acid

Palmitic acid
Stearic acid
Myristic acid
Oleic acid
Linoleic acid
Ricinoleic acid
Linolenic acid
Palmitoleic acid
Laurie acid
Capric acid
Ca-C22 Saturated

Structure

c 16H3202
¢ 1h 302
C14H2802
c 18H3402
C18H3202
C14H2603

¢ isH so0?

C16H3002
C1oH20:
CuH2002

MW.
256
284
228
262
280
242
218
254
200
172
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Emkarate 1090
Emtarate 1090X

AVENOVENT No: 5

FUNCTION :

chemistry :

CAS. /
II\I\/ENT(RNQ(:)

CHEMSTOCK
DESCRIPTION ;

TESTS ANO INFORMATION:
DESCRIPTION

The levels below (excepting Noacfc%ds(l)-lgdroxyl)

Appearance

Oensity at 20'C
Viscosity at 100'C
Viscosity at 40'C
Viscosity Index
Flash Pgint - coc
Pour Point

Acid Value
Noacfc Volatility
Hater content

IR trace *

Colour - Hazen
Free Alcohol
Hydroxyl Groups

APPENDIX IV

Synthetic Base Fluid Specification

DATE: 07/09/94

Base fluid - synthetic ester.

Common:

For "1090” only:
TSCA

*EINECS

aies (Australia)

CEPA (Canada)
MIT! (Jaoan)

March 1989 (by Automotive).

METHOOS

[P 160 / ASTM 0 1298
P71 | ASTM O 445
P71 | ASTM O 44S
1P 226 | ASTM% g%?O

34

P15 | ASTMO 97

SUPPLIER

CASTROI INTERNATIONAL RAW MATERIALS SPECIFICATION (CIRMS)

APPROVED

ICl (CHEMICALS 4 POLYMERS
ICl (CHEMICALS 4 POLYMERS

AUTHORISED: Charles Oevroey.

Oi-isodecyl adipate.
Per CAS: Hexanedioic acid, diisodecyl ester.

MINIMUM

Prime use in automotive gear oils.

Formula: C26 H50 04.

Superseded by amendment 004.

MAXIMM  TYPICAL

Clear liquid, substantially
free from suspended matter.

0.915
3.5
' 18,

210

[P 139 / ASTM O 974 : IP 1-A

OIN sjsal | CEC L-40-T-87
K.F)  ASTMO

1744

CRACTL_ (oer supplen)
er supplier
ASTM E 326 P

0.925
3.8
15.0
145
minus 60
0.10
18

30
0.10
10

UNITS

g/ml
est
cSt

X

X
mgKOH/
! gHt Igss

0.10 ) wt
- labs equipped to run this test may wish to tate a Master trace from a delivery which
has given satisfactory products, and use this Master to check future deliveries.

w
mgkQHg

9%

Technical Support (Europe). Automotive.

FREQUENCY/USE

are as per* an ICI Sel Hog spec oT 16-Aug-93 Tor the "1090X* version:

Each Oellver

Each Oeliver
Each Deliver
Each Oeliver
Each Oeliver
Each Oeliver
Each Deliver
Each Oeliver
Type Aporove
Type Approve

information
Information
Information
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Emery 2934

AVEWMENT No: 3

FUNCTION :

CHEMSTRY :

CAS. ()
INVENTORY !

CHEMBTOXK
DESCRIPTION :

TESTS ANO INFORMATION-
DESCRIPTION

Aooearance

Colour - ASM
Viscosity at 100'c
Viscosity Index

Flash Point - CCC

TAN (Total Acid Number)
Water content

IR trace

QOensity at 20'C
Viscosity at 40'C
Noack Volatility

95

CASTROL INTERNATIONAL RAW MATERIALS SPECIFICATION (CIRMS)

OATE. 31/03/93

Base fluid, synthetic ester type.

Common:

126 - 57 - a

AoDroved:  Oct-90 (by Auto).

METHOOS
8AM 300 (visual)

(KF) " ASTM D 1744
Comoare to standard

[P 160 / ASTM 0 1298
[P 71 | ASTM 0 445
0IN 51581 / CEC L*0-T-S?

AUTHORISED: Jan Trocki.

"TWP - C%~ or tnmeth
Per CAS. Nonanoic acid. 2-ethy
propanediyl ester.

Izolgrooane tripelar}aonate.

APPROVED

HENKEL (EMERY DIVISION)

[él-oxononyl 0X

ormula; “C33 H62 06

SUPERSEDED 8Y THIS AVENO,

minimjm"  maximum  TYPICAL
Clear, water-white  quid.
- 0.5
4.4 4.7
135
28 255
0.0
500
Reasonable agreement
0.94S

2.0
3.0

Technical Support.

methyl )-1.3-

Automotive. Pangbourne.

UNITS FRECUENCY/USE

Each Deliver
¢St
rlanKOI-Ilg
mg/kg
giml information
cSt
Jwt loss



8RAND
Hatcol 2910

AVENDVENT No: 0

FUNCTION
CHEMISTRY :

CAS. No( )/
INVENTORY

CHEMBTOCK
DESCRIPTION :

TESTS ANO_ INFORMATION;
DESCRIPTION

Aopearance
Viscosity at 100'c

Water content

96

CASTROL INTERNATIONAL RAW MATERIALS SPECIFICATION (CIRMS)

GATE: 25/06/91

approved

HATCO CORP. 23/04/91

AUTHORISED: Dave WeHum. Aviation. Industrial. Panghourne.

Diester base stock for industrial gas turbine lubricant (Castrol 3000).

Diiso dioctyl adipate / dli

Pending.

METHOOS
bam 300
P71 | ASIMO das
(K.F) ASTM 0 1744

decyl adipate.

MINMUM - MAXIMM~ TYPICAL UNITS FREGUENCY/USE

Colourless, mobile liguid. To be Each

clear, brlght and sediment free. delivery
3.7 est

and within 31 of Hatco result. *

I 0,050
and within 101 of Hatco result *

* A cooy of the Cert|f|cate of Analysis to be sent by Hatco with each delivery, and on request to Panghourne.

GLC trace

LC (to be agreea with Hatco)

Similar to standard

In addition to the above checks. Castrol labs should make occasional random checks on the purchase specification below:

Oensity at 15'C
V|sc05|ty at 40'C
Flash Pgint « coc
Pour Point

Total Acid Number

[P 160 | ASTh 0 1296
P71 [ ASTM (0 445
P36 /| ASTMO 92

P15 [ ASIMO 97
IP. 177 | ASTM D 664

0.917 0.925 g/ml See ahove
13 15 cSt
216 ) - o

minus S7

*C
0.05 mgKOH/g



APPENDIX V

ABBREVIATIONS

Kinematic Viscosity
Kinematic Viscosity Index
Degree celcius

Centistokes

Cleveland Open Cup
American Society for Testing & Material
parts per million

Hours

Pensky-Marten Close Cup
Nuclear Magnetic Resonance
Temperature
Thermogravimetric Analyzer
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