CHAPTER IV
RESULTS AND DISCUSSION

As described in chapter II, this research was intended to improve the

quality of used oil by means of twe main methods. First, the used oil was
 chemical ArCafiaent method,and the second by the

catalytic hydrogenation “me hod. B " the physical and chemical

treatment method gavesM#lwaste by isposal problem. Then this
research was studied Closely 40 solve ‘t\\\\"\i\* this undesirable problem

S€ regtly svith th \\ \? ion method. This
step had an objectiyafto Zoginlire ThERas %‘\'\\\ of those three catalysts
(Raney nickel, NiO/Mog .._'.,\\ Al,O; ). Among these
catalysts, Raney nickel 3 *'.X-:..-\u- characteristic that not
only in good activity in WydspgeRato 0/gave resonable catalyst cost in
production, Besides, the_other ob
optimum f_,;:_:_lA;._ “used lubric:

of this research is to study the
_,‘ oil using Raney nickel
L]

catalyst. m '
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Besides, the other properties such as color, viscosity index, sulfur
content, etc., were improved by this treatment. From this process, some
contaminants, unsaturated,unstable compounds were removed to make oil to be
clean and more stable.

From the Table 4.1, some aromatic carbons were reduced, the oil had

Effect of Catalyst Types@ndlydvogenation -Clay'l‘rﬂtedﬂll

This section suidiéc ~atalytic genation by using three
catalysts under the same gon i:i:_f*-g:r ' 5 : gatalysts were Raney nickel, nickel
oxide/molybdenum oxide/afumista; aid 4 oxide/tungsten oxide/alumina.
The results obtained from this fiethod were in th fullnmng Table.
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Table 4.2 Physical and chemical propeities of oil obtained from hydrogenation

of acid-clay treated oil
Physical and Chemical Properties R-Ni Ni/Mo Ni/W
API Gravity @ 60 °F 32.0 32.7
Color, ASTM L 1.0 L0.5
Pour Point,*C -6.5 -7.5
Viscosity, Kin @ 40 ° 36.88 36.88
Viscosity, Kin @ 1 o 6.13 6.13
Viscosity Index R 118 122
Sulfur Content, % wt \ 0.06 0.02
Oxidation Point, °C 344.7 340.0
Oxidative Compoundy% N 216 209
Carbon Content, %

Cp 76.99 77.13

Cn 22.32 21.98

Ca 0.90
Yield, % L 5.

ﬂ‘UH ANYNINYINS

Amorig these three catal¥,s13 used in hydrogenauon of nmd-cla}r treated
oL RGO S0 TGP MO RP 0 e
oils whi¢h had more desirable properties, especially in terms of viscosity index,
color,paraffinic carbon content and naphthenic carbon content, and sulfur
removal. It could be considered that in some properties of treated oil such as
VI values, by using hydrotreating catalysts, the data show better VI, when used
NiO/Mo0O3y/Al,0; and NiO/WOs/ALO;, the VI values were 118 and 122,
respectively, whereas Raney nickel catalyst gave VI value of 115. In sulfur
removal, NiO/WQ5/Al,O; was the best catalyst of all.
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Flgll.l'ﬁ 4.1 Effect of cs o ity in ‘ _»'\;\y-l ation ufamd-cla}'trmted oil
compared with acid-clz ' '

Fgure 4.2 Effect of catalyst types on pour point in hydrogenation of acid-clay treated oil
compared with acid-clay treated oil and original used oil
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Figure 4.4 Effect of catalyst types on viscosity index in hydrogenation of acid-clay treated
oil compared with acid-clay treated oil and original used oil
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Figure 4.5 Effect of diifere
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Figure 4.6 Effect of catalyst types on oxidation point in hydrogenation of acid-clay treated
oil compared with acid<clay treated oil and original used oil
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Figure 4.8 Effect of catalyst types on various types of carbon content in hydrogenation of
acid-clay treated oil compared with acid-clay treated oil and original used oil
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Because of the previous acid-clay treatment, the oil used in this
catalytic hydrogenation had somewhat been cleaned which was good to react
with hydrogen in the presence of catalysts. However, from the Table above,
these three catalysts still gave the appreciated oil properties that were not
significant different.

" »
Effect of Catalyst Typw Used Lubricating Oil
-—

In this sectiongmused or wthe same three type catalysts
as the previous secti //ﬂ\i\\\i\‘
objective of this experime ~ 5 10 ZP‘:?_ the catal
catalysts in hydro catin
The oil ob

ion was still same. The

tic activity among these

e shown in the following
Table.
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Table 4.3 Physical and chemical properties of oils obtained from hydrogenation

of used oil by using various catalysts compared with original used oil

!

Physical and Chemical Properties |Used Oil| R-Ni | Ni/Mo | N/W
API Gravity @ 60 °F 297 | 302 | 302
Color, ASTM 2.0 L1.S E1S
Pour Point, °C 7. 215 -6.5
Viscosity, Kin @ 40 3846 | 3875
Viscosity, Kin @ 6.27 6.19
Viscosity Index 111 106
Sulfur Content, % 0.24 0.23
Oxidation Point, C 346.5 369.7
Oxidative Compound, 22.0 15.6
Carbon Content, %

Cp 79.59 | 79.08

Cn 19.46 19.82

Ca : 46 0.95 1.10
Yield, % L) [ 92 92

AUYANYNITNYA

trations of Raney Nickel Catalyst on Hydrogenation of

Effect of Co

i)
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This experiment had the objective to compare the resulting oil

properties when using Raney nickel catalyst in the different concentrations
(4%, 6%, and 8% by weight of used oil), while the other condition parameters
were identical. The data obtained from this was shown in the following Table:
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Figure 49 Effect of ca API pra drogenation of used oil compared

with an original used ol

Figure 4.10 [Effect of catalyst types on pour point in hydrogenation of used oil compared
with an original used oil
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Figure 4.11 Effect of ca
compared with an o

Figure 4.12 Effect of catalyst types on sulfur content in hydrogenation of used oil
compared with an original used oil
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Figure 4.14 Effect of catalyst types on oxidation point in hydrogenation of used oil
compared with an original used oil
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Cp CONTENT (%)

Figure 4.16 Effect of catalyst types on various types of carbon content in
hydrogenation of used oil compared with an original used oil
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Table 4.4 Physical and chemical properties of oils obtained from hydrogenation
of used oil by using Raney nickel catalyst in different concentrations

Physical and Chemical Properties | Concentration of catalyst, %

4 6 8
API Gmﬁw@@”/ %7 i 30.0
Color, ASTM L15 | L15
Pour Point, c.—-""'" | ! 9.0
Viscosity, . 39.80 | 3824
Viscosity, Kigd@ 100/¢/ cs Bu47%h 6. 6.18
Viscosity Index T AN Y 108
Sulfur Contéht #oftfs T 50, " 0. 0.36
Oxidation Poidt, € / 4 | 3545 | 3716 | 351.0
Oxidative Compbugd, % wi | 23.9 s | 213
Carbon Content, § =

Cp ~— %393 | 8015 | 77.48

Cn “ /W 9asg | 1885 | 21.50

oy —————— —— - 1. 1.03

Yield, % __ 93
AUYANYNINYNS

From ‘the above data, Rn?ey nickel catal}rst in hlghﬂl‘ concentration had
oo SR FRARIE I ) VI T n oo
physicall and chemical properties especially in color,pour point depression,
oxidative stability. It should be considered that when used this catalyst in
concentration of 6 %, the VI value was reduced to 101, if considered other

properties such as carbon content in oil composition, the more naphthene
content in the oil, the more value of VI. In this case, when Raney nickel
catalyst in concentrations of 4% and 8%was used, the quantity of Cn were
24.58% and 21.50% respectively, and when used Raney nickel catalyst in the
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Figure 4.18 Effect of concentration of Raney nickel catalyst on pour point in
hydrogenation of used oil
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CONCENTRATION OF CATALYST (%)

Figure 4.20 Effect of concentration of Raney nickel catalyst on sulfur content in

hydrogenation of used oil

80



R

350.0

OXIDATION POINT ('C)

V.,
“‘Qm (%)

hydrogenation of used oil DL

Figure 4.21 Effect of cog /(/,/“\\\\\\ 1 oxidation point in

NE
iy,

. Ef“
1

"”-q-u-.n-f

UND (%)

2
>
OXID

4 & 8

CONCENTRATION OF CATALYST (%)

Figure 4.22 Effect of concentration of Raney nickel catalyst on oxidative compound

in hydrogenation of used oil
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Figure 4.23 Effect of concentration of Raney nickel catalyst on various types of
carbon content in hydrogenation of used oil
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concentration of 6%, it gave lower VI value of 101. In comparison, if used
catalyst in higher concentration, the data showed that the oil had good
oxidation stability that gave lower in oxidative compound.

In some cases, the used oil had properties in better value than treated
oil such as pour point, oxidation pnint for examples. This can explained that in
usedoﬂmayhadmmeavmlable to maintain the good results of oil.
In this experiment, data shoy nikel catalyst it had high oil
yield because of its ease 0f 6il separa |

Effect of Reaction Times/ ¥ ation of Used Lubricating Oil

This section studied fivdrogenal
same amount of Raney ni

f used lubricating oil by using the
aried the reation times. Reaction
times for this experument were 4, 6, and 8 hours respectively whereas other

iy

conditions were the s3 .Li-.: ined were shown in the

following Table:
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Table 4.5 Physical and chemical properties of oils obtained from hydrogenation
of used oil by using Raney nickel catalyst in the same concentrations but in

different reaction times

Physical and Chemical Properties Reaction Time, hours
4 6 8
)

API Gravity @.60°F 300 | 30.1
Color, AST7-’ 25 | L2s
Pour Point, 4 ; -8.0 -8.0
Viscosity, Kiff @407 ¢/ cSt" _ 3899 | 38.89
Viscosity, Ki 640 | 634 | 631
Viscosity 06 | 111 111
Sulfur Con W 0.39 0.37
Oxidation Po v.#ﬁfﬁi g | : 365.2 361.0
Oxidative iZowt ik 28.9 18.2 18.9

Carbon Content, ijﬁ 9 "

- e 77.10 | 74.72
= 12187 | 24.47

0.88 0.81

94 93
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desirable properties of treated oils were obtain esulting were rather

closed values, excepted in VI values, and aromatic carbon contents. By using 6
and 8 hours for reaction times, the values of VI were the same of 111 whereas

using 4 hours for reaction time, the value of VI was 106. In considered Ca
contents, 6 and 8 hours could reduced the aromatic carbon contents to 0.88%

and 0.81% respectively whereas 4 hours gave higher aromatic carbon content

of 1.49%.
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Figure 4.25 Effect of reaction time on pour point in hydrogenation of used oil
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Figure 4,27 Effect of reaction time on sulfur content in hydrogenation of used oil
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Figure 4.29 Effect of reaction time on oxidative compound in hydrogenation of used
oil
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Figure 4.30 Effect of reaction time on various types of carbon content in hydrogena-
tion of used oil
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By changing reaction times, other oil properties such as color, API
gravity, pour point, oxidative stability, Cp, and Cn were not significant
different. But longer times let more sulfur removal. The used oil obtained by
the reation times of 6 and 8 hours had sulfur content of 0.39% and 0.37%
respectively.
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