EXPERIMENTAL
Materials
- Used industrial | ‘_‘:_:::1 \ il Wa€ obtained from BP Oil Co., Ltd.
Sulfuric acid
- Sodium ¢ from Fluka.
- Fuller’s e:
- Isopropyl alCohel 1 ' ible from Fluka.
- Sodium sulféite (@nlty _‘-_;_' W g.,.‘ rercial available from Fluka.
- NiO/MoO+/ A ws comme: available from United Catalyst Inc.
- NiO/WO+/ALO; was :"\"-\i from United Catalyst Inc.
- Raney nickel wa$ comntercial availible from Merck.
- Universal u di a '.lable from Merck.
Apparatus
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a. Reactor

The reactor was a high pressure batch stirred autoclave model 4551
from the Parr Instrument company with 3750 cubic centimeters stainless steel
316 cylindrical bomb, split ring closures and bomb heater. The reactor could

work in a pressure range of 0-2000 psig and in temperature range of 0-450 °C.



The reactor was shown as Figure 3.1.
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Figure 34 Floor stand reactor
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b. Reactor fittings
The stirred reactor was equipped with convenient valves and fitting
for handling the various functions as shown in Figure 3.2.
¢. Automatic temperature controller

The controller used was model 4842 PID controller from Parr
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3. a stirring shaft 9. a thermocouple
4. a lower guide bearing 10. a water cooling channel
5. a pressure gauge 11. a dip tube

6. a stirrer drive system

Figure 3.2 Reactor fittings
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Instrument company. It was operated with a dual thermocouple. There
were various enhancement modules to assist in monitoring and controlling

the temperature, pressure, and stirring speed . The stirring speed could be
adjusted in the range of 0-1000 rpm.

4. Stl]ﬁll'
The }nodcl SLFA- Bﬂ-ﬂ from HDR@A was used..

5 ﬂ%@%&'ﬂﬁﬂﬁﬂﬂ‘i

spccﬂnmetcrpodelhc-f" 00 from Bruker, was used.
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The TGA model NETZSCH STA 409 C was used.



Procedure [35,44]

A. Physical and Chemical Treatment

- Used lubricating oil was treated by the following steps:

'Slll‘dgﬂs ingear

- neutralizatiga®ind ﬂ'/ : -

- clay treatmey / - \
- sludge settling aratic

Five hundred volume ¢ sed lubricating oil obtained

from the first (raw material siorage) and sond step (water and sediment
removal) was heat 0 fFS0°C To Teduceits VisGosityn to assist mixing
1d lﬂ%ar volume of oil) was

added to the oﬂ«ﬂ muﬂ ﬁ?ﬁ‘ﬂ"ﬁ ﬁfﬁuﬂjmm minute

particles whichas necessary to ?crease its actwe surf:
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to settle dnrwn overnight. The acid treated oil was separated rom sludge

with an acid. nlﬁncmcﬂﬂ ated sulluric a.

and neutralized with the mixture solution of sodium carbonate (10% by
weight) and isopropyl alcohol, this purpose is to neutralize the residual

acidity in resulting oil and to extract the sodium sulfonates byproduct.



" treated oil was

The oil mixture was then allowed to settle down overnight. The
top layer was the neutralized oil diluted with some isopropyl alcohol and
water. After the oil was separated, water was mixed to leach some acidity
in the oil again. When the pH of water layer was reached a valve of
about 7, the oil was dried with ar _f pus sodium sulfate. Further improve-

ment in color was performed | ith fuller’s earth (10% by
‘\\ )1

weight of oil) at about 80=#00-"C and $ti Fort0wmi wtes. Finally, the
' ":'-;"-,TI !

Pour Polf L(ASTM D 97)
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Chemlcal Properties :

The percetages of oxidative compounds and oxidation
point were determined by Thermogravimetric Analyzer.

The composition (%Cp, %Cn, %Ca) of oils were determined
by "C-NMR method.



C. Catalytic Hydrogenation

C:1 Effect of Various Catalysts on Hydrogenation of Acid-Clay

Treated Oil

The acid-clay trez (50 o) Wak eharged into the reactor

and the required quantity ©

then closed. After a th -#‘ turdy thermowell,
the stirring motor wa ! \\‘\\F\ into the cooling
channel Before ru Xygen gas in reactor was

* - \
removed by purging the ‘\1\\\# ure of hydrogen
gas (about 10-20 psig) for \

To achieve the catalysic hydroges »nditions, temperature
il e W 3kt ;“_—";“m sure of hydrogen
gas was adjusted by thmgas regula

f°"°”“°"""FTTJH"WlEIW§WH’]ﬂ‘§

uam—cay
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reaction time = 4 hours

stirring speed = 550 rpm
concentration of catalyst =4 %

catalysts used = R-Ni, NiO/MoOy/Al;,05

I tests wmﬂn under the
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C:2 Determination of the Physical and Chemical Properties

of Hydrogenated Oils

The procedures were the same as in the previous section.
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tion of Physical and Chemical Properti
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The procedure was the same as in the previous section.



C:5 Effect of Concentrations of Raney Nickel Catalyst on

Hydrogenation of Used Oil

The experimental procedure was done under the following

C:6 Determination 'M—* I Chemical Properties
ZZHA 7

of Hydrogenated Qi '
V;'

Il d
The procedur€ was the same as in the previois section.
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C:7 Effect of Reaction Times on Hydrogenation of Used Oil

The experimental procedure was done under the following conditions.
weight of used oil =500 g

50°C

C:8 Determidatién of thi¢ Physical and Chemical Properties
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