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APPENDIX A

THERMOGRAM OF OILS
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Figure A1 Thermogram of used lubricating oil
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Figure A3 Thermogram of oil obtained from hydrogenation of acid-clay treated oil by using 4% Raney nickel catalyst

001



0.8
0.8
-18.8
-20.8
-38.8
-40.4
-58.8
-60.8

-79 .8

MASS, 7

-80.8
-00 .8

' ¥ ' L l ¥ l Ll ' 1 ] l ¥ l' ¥ l ¥ ' 1] l ¥ l L] l

-180.8

364 408 580 608 740
TEMPERATURE, 'C

(3]

Ui |

Wl (exa —>)

DTA.

Figure A4 Thermogram of oil obtained from hydrogenation of acid-clay treated oil by using 4% NiO/MoO3/Al,05 catalyst
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yo1



8.8 SRR
Bl = P T g
-1B.B} :
PR At i AL DR iy o v s g EEC L Lo D TR g U BN Soot MRl Sk T IR e DTA "'."“..,E"
-20.8} ]
-30.8 e
N~ -l e it
g -0 | Bt
o v S 500
-18.8 : 4780 4
L : <-58.8
-80.8 - L'-‘-...s _______
50.8[ L T N 1-76.0
i Foh . 7 v TG ‘1 R
i P TV SRR R RO e -89 .0
1 l l 1 l 1 l 1 l 1 l 1 l
108 200 - 30 400 580 608 748

TEMPERATURE, 'C

ul (exo —>)

DTA.

Figure A8 Thermogram of oil obtained from hydrogenation of used oil by using 4% NiO/WO3/Al,O; catalyst
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APPENDIX B

BC-NMR SPECTRUM OF OILS
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Figure B3 ">C-NMR spectrum of oil obtained from hydrogenation of acid-clay treated oil by using 4% Raney nickel catalyst

€11



] INTEORAL

Figure B4 I3C.NMR spectrum of oil obtained from hydrogenation of acid-clay treated oil by using
4% NiO/Mo05/Al,0j5 catalyst
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Figure B5 BC-NMR spectrum of oil obtained from hydrogenation of acid-clay treated oil by using
4% NiO/WO3/Al,0; catalyst

o -

SII



1
i
o
i

Loy

: . . : ; ; :
200 180 180 140 120 100 80 80

Figure B6 *C-NMR spe;:trum of oil obtained from hydrogenation of used oil by using 4% Raney nickel catalyst



P I

7 INTECRAL
[

T : T T Y T pownd T ¥ T T T T T
200 180 160 140 120 PPHNO 80 60 40 20 0

Figure B7 13C-NMR spectrum of oil obtained from hydrogenation of used oil by using 4% NiO/Mo0;/Al,0; catalyst

LTI



1 INTEGRAL
o | S

1 1 T 1 1 > Ay X U
180 160 140 120 100 80 60
PPH

~n
o -
o

Figure B8 13C-NMR spectrum of oil obtained from hydrogenation of used oil by using 4% NiO/W04/Al,0; catalyst

[
e
-]



INTEGRAL

o —

Figure B9 ">C-NMR spectrum of oil obtained from hydrogenation of used oil by using 6% Raney nickel catalyst



} INTEGRAL

T o T ’ T ke ! T ¥ T X T " T
200 180 160 140 120 100 80 60

Figure B10 13C-NMR spectrum of oil obtained from hydrogenation of used oil by using 8% Raney nickel catalyst



1 INTEGRAL

~n
o
o
o
o
o
=3

AN" h\‘/_’—&
T Y T T + T T T -
140 120 100 80 60
PPH

Figure B11 C-NMR spectrum of oil obtained from hydrogenation of used oil by using 4% Raney nickel catalyst
with 6 hours reaction time

>~
o
g
o
o -



= il
o

Figure B12 13C-NMR spectrum of oil obtained from hydrogenation of used oil by using 4% Raney nickel catalyst
with 8 hours reaction time



APPENDIX C

OIL FEATURES
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Figure C1 Used oil

Figure C2 Acid-clay treated oil



Figure C3 Oil obtained from hydrogenation of acid-clay treated o1l
by using 4% Raney nickel catalyst

Figure C4 Oil obtained from hydrogenation of acid-clay treated oil
by using 4% NiO/Mo0s/Al,0; catalyst
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Figure C5 Oil obtained from hydrogenation of acid-clay treated oil by
using 4% NiO/WO;/Al,0;5 catalyst :

Figure C6 Oil obtained from hydrogenation of used oil by using

4% Raney nickel catalyst



Figure C7 Oil obtained from hydrogenation used oil by using
4% Ni10O/Mo05/Al,0; catalyst

H 3

Figure C8 Oil obtained from hydrogenation of used oil by using
4% NiO/WO;/Al,0; catalyst
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Figure C9 Oil obtained from hydrogenation of used oil by using
6% Raney nickel catalyst '

Figure C10 Oil obtained from hydrogenation of used oil by using

8% Raney nickel catalyst



Figure C11 Oil obtained from hydrogenation of used oil by

using 4% Raney nickel catalyst with 6 hours reaction time

Figure C12 Oil obtained from hydrogenation of used oil by

using 4% Raney nickel catalyst with 8 hours reaction time
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Figure C13 Commercial industrial lubricating oil :
Mobil hydraulic DTE o1l 25

Figure C14 Commercial industrial lubricating oil :
Mobil hydraulic DTE o1l 26
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Figure C15 Commercial industrial lubricating oil :
Mobil hydraulic AW 46

Figure C16 Commercial industrial lubricating oil :
Mobil gear 626
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Figure C17 Commercial industrial lubricating oil :

Esso hydraulic NUTO 68

Figure C18 Commercial industrial lubricating oil :
Esso gear SPARTAN EP
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~ Figure C19 Commercial industrial lubricating oil :

Esso Turbine TERESSO

Figure C20 Commercial industrial lubricating oil :
Caltex hydraulic RANDO HD 46
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Figure C21 Commercial industrial lubricating oil :
Caltex gear MEROPA 150



APPENDIX D

PHYSICAL PROPERTIES OF COMMERCIAL

INDUSTRIAL LUBRICATING OILS



Physical properties RANDO HD 46 MEROPA 150
API Gravity @ 60°F 26.6 27.6
Colour,ASTM 2.0 L3
VI 96 102
Sulfur Content,% 1.405 1.668

Physical properties | Gear 626 | DTE25 | DTE26 | AW 46
API Gravity @ 60°F 27.6 293 28.1 28.7
Colour,ASTM L3.0 kLS 15 B.LES
VI 102 107 101 99
Sulfur Content,% 1.668 0.935 0.974 1.086

Table D3 Physical properties of Esso commercial industrial lubricating oils

Physical properties NUTO 68 SPARTAN TERRESO
API Gravity @ 60°F 28.6 28.1 28.5
Colour,ASTM 15 1.5 1.9
VI 102 101 99
Sulfur Content,% 0.765 1.072 0.614
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Table D1 Physical properties of Caltex commercial industrial lubricating oils

Table D2 Physical properties of Mobil commercial industrial lubricating oils
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