CHAPTER 1V
RESULTS AND DISCUSSION
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From Table 4.1, the API gravity indicated that the Fang heavy distillate
was not a heavy distillate because its gravity was approached the gravity of
light vacuum gas oil (API 30). Figure A1l and Table Al demonstrate that this
distillate contained 14-40 carbon atoms and the main compositions were

C24.C3, paraffin hydrocarbons. Its boiling range was within the lubricating oil
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range (330-600 °C). High quantities of waxes and contaminants led to poor
pour point and dark color, respectively. In order to improve the flow
characteristics of HD, these waxes had to be removed and the selected solvent
dewaxing process was necessary for base oil producing process. Methyl ethyl
ketone (MEK) , the widest used dewaxing solvent in the industry, was selected
as the solvent due to the low wax 111ty at the dewaxing temperature and its

sufficiently low boiling po t\té\ ﬁ oval from the dewaxed oil. The
dewaxing process was of HD using MEK at a 3:1
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Figui‘e 4.1 The percents by weight of oil and wax separated by solvent

dewaxing process

Figure 4.1 indicated that MEK extracted 53.67% by weight of slack
wax leaving 46.33% by weight of dewaxed oil. The wax was a white crystalline

solid and the dewaxed oil was a black viscous liquid. The dewaxed oil’s
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properties are summarized in Table 4.2 and its GC-MS chromatogram is shown
in Figure Al. The BC-NMR spectrum and thermogram are shown in Figure A2
and A3, respectively.

Table 4.2 The properties of the dewaxed oil

Properties . \\}A‘ / Dewaxing Process
HD beforedewasing - dewaxed oil
Color 5
“Pour point (°C) 6
Kinematic viscosity
g 3 Cah 159.69
@ 100°C, cSt 11.10
Viscosity index 2
St St 0.338
Component:
w5 8.54
#hn 18.67
% - 72.79
6Cp \ "
Flashpomt("C)ﬂuEJ’J ﬂﬂjﬂﬂqﬂ -
Oxidati t i 350
xidation poin (" ¢ . "
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The results from Table 4.2 illustrate that the pour point of the dewaxed
oil is 6 °C as compared to 51 °C for HD. Because of the wax removal, the
viscosity at 100 °C of the dewaxed oil was higher than that of the original HD.
The color remained higher than 8. The sulfur content, oxidative compounds and

viscosity index were 0.338 %, 18.09 %, and 22, respectively. The aromatic,
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paraffinic and naphthenic contents were 8.54, 72.79 and 18.67 % by mole atom
of carbon, respectively.

Although the dewaxing process improved the pour point of the oil,
10.52 % of paraffin waxes remained in the dewaxed oil and the oil’s color was
still dark. The color of the oil came from color substances such as aromatic
compounds, which also created p wscosﬁy index, unsaturated compounds

and sulfur compounds whlch vbe / ;ved by the dewaxing process. To

achieve the desired b@ﬂ prop er reﬁnmg process was

"f e —

incorporated in this studys="" ——
Catalytic h)d/ "{Process\uas effective for converting

remained waxy co

chain paraffins, in

Consequently, thls.fheteroatom should be er fnor to contact with the
hydrmsomenzatlo' ‘catalyst by using furization process. This
pretreating process ﬂéas conducted under typicalulydrotreatmg conditions to
reduce sulfur-¢ontent m g less hydrodesulfurization
catalyst (MT)%/LKE! im fﬁ-ﬂmmﬁm volume about 0.64
ml/g) wa g:f:ﬁ b3 xﬁuﬂﬁ i nﬁﬁh’lﬁi firSt step was to soak
the ali% 1 iy 'mﬁo 1 Q}\é—l crush strength.

[24] This impregnation was achieved in one single wetting by adding citric acid

to the solution of molybdenum, cobalt and nickel salts. As a result, this solution
was stable for a long time before a precipitate of Mo/Ni/Co was formed, then
the impregnated alumina was dried and calcined. The catalyst prepared in this

manner containing 10% Mo, 5% Ni and 5% Co, had a surface area of 141.05

m/g.
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For selecting a suitable hydrodesulfurization catalyst, several
conventional hydrotreating catalysts, such as Mo/Ni/Co metal sulfide on
alumina prepared catalyst and commercial catalysts identified as C20-7-06
(Mo/Ni/Al,O; metal oxide catalyst), T-2563 (Ni/W/Al,O; metal oxide catalyst)
and Raney nickel, were employed to treat the dewaxed oil under the same
conditions at temperature 350 ogen pressure 500 psig, reaction time 4
hrs, catalyst concentration 5% b\y\vﬂ, and agitation speed 500 rpm in a
stirred autoclave reactor_..___

The molecul is uﬂM components in desulfurized
oil and the GC-MS : v\hnouhmlyst types are shown in Table
A2 and Figure A4 L 4%, ulfur content was measured and the
;_:e " T ’l; tablish, the properties of the oily
oi};} hie total liquid, product was distilled under
e ot (2 jho*c and distillate cut (< 330 °C). The
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physical properties of thi qq@@m d lube c
are summarized in Table A3. ‘The ntent, color, viscosity index and
e

pour point were plregted against catalyst tvne&&lfjwn as bar graph in Figure
4.2,4.3,4.4, and 4 ,_respectlvely =
From this ex enment, the results showedléxat the prepared Mo/Ni/Co

catalyst exhibi i s compared to NI/W,
Ni/Mo and MIﬂfgm Q@m simple inexpensive
cataly, m ﬁd sulfur content
was va:maﬁ ﬁ?ﬁﬁﬁjo e i 'IEE mass spectral

analysis also demonstrates that when the Raney nickel was used in the

results are summari
component of this de

reduced pressure to obt

it were determined and the results

hydrodesulfurization process, lower boiling compounds were produced.

From this study, it can be seen that the color and VI improvement
results of Ni/W catalyst were better than Mo/Ni/Co catalyst. However, we
found that during the reaction took place the cylindrical structure of the NVW

catalyst was broken to the powder, so it could not be reused while the
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cylindrical structure of the Mo/Ni/Co catalyst was preserved. Thus, Mo/Ni/Co
catalyst was selected for use in the hydrodesulfurization process.
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Optimized conditions for use of the prepared Mo/Ni/Co catalyst for
hydrodesulfurization were determined by varying the several operating
parameters: reaction temperature, hydrogen pressure, reaction time, and catalyst

concentration.
The first parameter to be varied in the hydrodesulfurizing process was

reaction temperature. It was van 200 to 400 in 50 °C steps. The GC-MS

chromatograms (Figure A5) and strate that the molecular weight
distributions of the produ@ hange easing temperature. When the

%lower molecular weight
.‘dcmbt\g;hat the cracking process
1t was expected that naphthenic

nic gydrocarbons by cracking

reaction was operat
components were in
occurs more at
hydrocarbons would 4
process and desulfuri

improved.

properties of their respective 1%6 cuts we

".-l"..-_:;'

f o
reported in Table q_ﬂ The sulfur content, ¢

om pour point were plotted

d 4.9, respectively.

against temperatur iation in Figures
The results «-'Erom this ‘experiment sho@#1 that sulfur content of

desulfurized ﬁﬁ ﬁ i [El y 5 ﬁe perature. This result
also showed sulfur content from
desul i’mﬁ color, VI and
pour ?{ﬁ:l‘aﬁfgd ﬁﬂj im.me temperature

resulted in the desired optimum physical properties was 400 °C. At this

mﬁ.
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temperature, the percentage yield of lube fraction was 92.53, indicating that

cracking was increased at this temperature.
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The second parameter studied for the hydrodesulfurization reaction was
hydrogen pressure. The reaction was performed with hydrogen pressures of
200, 300, 400, 500 and 600 psig. The molecular weight distributions of the
products were observed by GC-MS and the results are presented in Figure A6.
The molecular weight distributions are summarized in Table A6. The results

from GC-MS show that the cracki p)cess does not depend on the hydrogen

The sulfur content. anc @changes are plotted against

- e —
11, 4.12"and4.13. The experiment results

in Table A7 showed ihe eased from 0.338, to 0.193,

0.098, 0.057, 0.010+4G W
operated under hydsogen pres re—at 200, 3 400, 500 and 600 psig,

when the reactions were

respectively. The res
the rate of desulfurizati “hydrogenation of unsaturation were increased.
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The next parameter of interest was reaction time in which the reaction
was performed with varying reaction times of 2, 4, 6, 8 and 10 hrs. The GC-MS
analysis (Figure A7) and molecular weight distributions (Table A8) indicated
that cracking increased when the reaction was performed for a longer time.

The Mo/Ni/Co catalyst was used and the reaction was operated at 400
°C and 600 psig. The results of
The sulfur content and physie@;\ ;
give the curves shown i res 4.

The results fr
psig, Mo/Ni/Co ca
0.338 to 0.017% 1

e, experiments are presented in Table A9.
re plotted against reaction time to
and 4.17.

ilar condition; 400 °C, 600

nt decreases rapidly from
ents were performed at
Wy

hydrogen pressure. After that,

the sulfur content dec cond brs to the fourth hrs. The
minimum sulfur conten % or 10 ppm) was achieved after the
reaction was performed fi e the sulfur content remained

unchanged. The physical prg,pgﬁs % ( and pour point) of these reaction

[ riment in the physical
properties for react1 time longer e results from Table A9

Z};Zi;f;ifi%mﬁ*ﬂmfﬁﬁ ‘lfiﬁ‘im
T INg A




0.08|}

0.06

0.04

Sulfur content, % wt

0.02

0 - &
Dewaxed Oil . 10

Figure 4.14 Effect ofifeagtic u sul o\ t of desulfurized oil

_g..ﬂ) Color

0
Dewaxed Oil 2 4 6 8 10
Reaction time, hrs. '

Figure 4.15 Effect of reaction time on color of desulfurized oil

64



60 |

50|

40

30

Viscosity Index

20

10

0
Dewaxed oil

Figure 4.16 Effect ofgeagtic g{ﬂ 3 sosity index of desulfurized oil

0
Dewaxed Oil 2 4 6 8 10
Reaction time, hrs.

Figure 4.17 Effect of reaction time on pour point of desulfurized oil

65



66

The last parameter varied was catalyst concentration. The reaction was
operated at the optimized condition (400 °C, 600 psig, and 6 hrs) with varying
catalyst concentration of 1, 2, 3, 4 and 5 % by weight of oil. The GC-MS
analysis in Figure A8 indicated that the molecular weight distribution (Table
A10) remained unchanged when the amount of catalyst was varied. This
observation shows that the extent of cracking is not dependent on catalyst
quantity. ‘*\\ /

The physical ani\_ cal re/ presented in Table All. The
sulfur content and ph ' w plotted against amount of
catalyst used in the y es 4. 1m4 20 and 4.21. The results
from these experim: |

, VI, ‘and pour point are scarcely
i ‘oreasqd. However, it was found

changed when the

4%, but, the sulfur content W dra

catalyst was decreeiged bel;\; 4% fhereformg?ferred optimum catalyst

concentration was abt

In summary, ﬂie best catalyst and the opumbln conditions (temperature,
hydrogen pressure, “réaction time @/and concentration) for
hydrodesul luEJ &uﬂnﬁm’g ﬁagst (10% Mo, 5% Ni,
and 5% Co), and 400 °C, 600 psig, 6 hrs, and 4% by weight of oil, respectively.
e ) BN 3000 L oA L B o e
content and physical properties (VI, color, and pour point) were less than
0.001%, 49, 2.5 and 3, respectively. The chemical properties (oxidation point,
oxidative compound, aromatic carbon content, paraffinic carbon content and
naphthenic carbon content) were 345 °C, 13.40%, 6.26%, 51.74% and 42.0%,
respectively. The >C-NMR spectrum and thermogram are shown in Figure A9

and A10, respectively.
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The two refining processes, dewaxing and hydrodesulfurization,
improved the VI, pour point, color, sulfur content, and stability of the oil
(Figure A3 and Figure A10), however, the desulfurized oil could not be used as
lubricating base oil since its viscosity index was still quite low while the
percentage of oxidative compounds and the pour point were still quite high.
These properties of the des ed oil would be improved by
hydroisomerization. \ \‘W/‘/

The goal of this Was to @e paraffin wax into lube base
oil, having low pour e VI Msearch, the desulfurized oil
was isomerized wnh? " m‘?menz}ibscatalyst containing 0.3% Pt

and 0.5% F and haw arca of 84.68 xﬁgig It was demonstrated that

concentration. 7
i
The first ,afhmeter varied was reacmﬂlﬁ ature, which was varied

from 250 to 400 =€
reduced pressure so;ag to remove cracked productla)elow 330 °C) prior to the

characterizati ﬁ}ieiﬁgm al iﬂl’sme A11) and Table
Al2 mdlcaterﬂl ti ag'i:ji gher temperature, the
quanti sed. This result
demonzaaﬁ ;Qla %ﬁﬁ;ﬁgl ﬁrﬁﬁ‘i‘j %Ia,ﬁégi perature.

The results of these experiments are summarized in Table A13. The

' in steps of 50 ° ate was distilled under

physical properties are plotted against temperature as illustrated in Figures
4.22, 4.23 and 4.24. These results show that the physical properties (color, VI,
and pour point) are improved with increasing temperature. The VI was
proportionated with elevated temperature. It was found that the improvement of

VI increased rapidly in the temperature range from the beginning to 300 °C. It
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was also observed that when the reactions were performed at higher
temperature, 350 and 400 °C, the VI was slowly improved. The maximum VI
(74) was obtained after the reaction was operated at 400 °C.

The preferred optimum reaction temperature was 350 °C in order to

maximize the conversion of wax to oils, reduce a degree of random carbon to

drocracking and minimize production of

carbon cleavage typical of h

] U
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The second important parameter studied was hydrogen pressure which
was varied from 300 to 600 psig in steps of 100 psig. The molecular weight
distributions of each experiments were observed by GC-MS and the results are
illustrated in Figure Al12 and the molecular weight distributions are
summarized in Table A14. The results from GC-MS observation show that the

cracking process does not depend ‘] re hydrogen pressure variation from 300

to 600 psig.

property changes are plotted_against hy ssure in Figures 4.25, 4.26
and 4.27. The experimentalfesulis 1 . "Al5 show that the VI was scarcely
changed when increasing dr¢ pressure. wever, it was found that
the maximum VI (7 hen the hydrogen pressure
was 600 psig. Figure lucts remains the same at 0.5
after the reaction was gper t hydrogen pressure above 500
psig, the pour point algo _ _ The cracking reaction and
percentage yield of the 1so_{n?@l .— not change significantly as a
function of hydroges ' vations suggested that the
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’Q‘W’]Mﬂﬁm URNINYAY



35
3
2.5
O
o -
-
£
o
o 1}
5 1.5
O
o
Figure 4.25 Effect of iy drog yur point of isomerized oil
x
(0]
Ke)
£
=
(22}
(@]
O
)
=

45 - ‘
HDS Oil 300 400 500 600

Hydrogen pressure, psig

Figure 4.26 Effect of hydrogen pressure on viscosity index of isomerized oil

74



05

HDS QOil

Wy —7]

Figure 4.27 Effect 'l solor of isomerized oil

AULINENINeINg
PRI TUUMINYAE

75



76

The next parameter of interest was reaction time which was studied at
4, 8, 12 and 16 hrs. The results of GC-MS analysis (Figure A13) indicate that
cracking process was increased and the molecular weight distribution was
changed (Table A16) when the reaction was performed with the longer time.

The results of these experiments are presented in Table A17. The

physical changes are plotted against reaction time as illustrated in Figure 4.28,

4.29 and 4.30. This experiments (W ame condition; 350 °C and 600
psig) show that the viscosity index in ith increasing reaction time.

. . 3 - — .
This result also indicatgd ex remained constant after the
reaction was operateds IS - \-\ . L properties (color and pour
point) of these reactiof products'y ’ 2 hrs and 16 hrs. Therefore,

these observation sugge n:\\ on time at the same said

parameter was 12 hrs.
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The last parameter varied was the concentation of catalyst, which was
studied at 2, 4, 6 and 8% by weight of oil. The GC-MS analysis as illustrated
(Figure Al14 and Table A18) indicate that the molecular weight distribution
remaines unchanged when the amount of catalyst is varied. This result shows
that catalyst concentration in the range of 2-8% by weight of oil had no

signifiant cracking.
The results of these e wn in Table A19. The physical
properties are plotted a yst cvﬁnon as shown in Figures 4.31,

4.32 and 4.33. From ment, iﬁ% the VI of isomerate was
T3 \Wed. As could be seen in
ST "'\

improved when the
Figure 4.32 that the
8% catalyst. From th

t 6% catalyst and to 79 at
fes‘glts had little or no change

best color and pour po 05
According to the oup‘éf:r it, Wi found that the properties of

“‘

isomerate which performed 5’%” -. lyst concentration was the best.

o .-P'!..ﬁ"
However, the deqx,ébn was made to “selec °/§ atalyst as the optimum
catalyst concentratiof due to the higher yi f

In summary,ﬂhe best conditions of temﬂ.&ature hydrogen pressure,

reaction time oisomerization of desulfurized
oil using 0. 3<’E§ﬁﬁ ﬁ%:ﬂ] m)ﬁlﬂtﬂ j 350 °C, 600 psig, 12

° weight of oil, rés ectlve After desulfurized oil was treated
under t/& ﬁﬁﬁiﬂ ﬁsﬂiﬂﬂe&l aﬂomt viscosity
index, omdatlon point, and oxidative compounds of the isomerate were 0.5, less
than 0.001%, 0 °C, 78, 330 °C, and 9.47%, respectively. The aromatic,

paraffinic, and naphthenic content were 2.66%, 89.67%, and 7.67 % by mole

atom of carbon, respectively.
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The properties of heavy distillate, dewaxed oil, desulfurized oil and
isomerized oil at the optimum conditions for each processing step are
summarized in Table 4.3. These oils are shown in Figure 4.34. The *C-NMR
spectrum and thermooxidation stability curve for the isomerized oil are shown

in Figures A15 and A16, respectively.

Table 4.3 The properties of heav ewaxed oil, desulfurized oil and
isomerized oil -
Properties Desulfurized | Isomerized
oil oil
Color 2.5 0.5
Pour point (°C) 4 0
Kinematic Viscosity
@ 40°C, cSt 81.44 54.78
@ 100°C, cS - 8.06 6.98
Viscosity Index (VI) " 49 78
Sulfur, % wt ¢ 2 0.304 0.338 <0.001 <0.001
compenent | WY PANBNTIWEINT
U
%C, g &§4 | 626 2.66
ARANTUNANIAY | o
%C, - 72.79 51.74 89.67
Flash point (°C) . 236 245 245
Oxidation point (°C) - 350 345 340
Oxidative compound (% wt) - 18.09 13.40 9.47
% yield of lube cut - 46.33 91.04 81.49
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From this study, there were several limitations of the experimental
conditions which could not make lﬁbricaﬁng base oil with better properties than
this. First of all, the pressure reactor used in this experiment was a batch type
reactor with the working pressure of 600 psig and temperature of 400 °C.
Therefore, the pressure and temperature of the reaction could not go beyond

these limits. If the pressure and temperature could go beyond these limits, it

rization of waxes. Secondly, the

continuous reactor should be imp 1 er to understand more of the
reaction under continu ion which-should be useful in scale up in the
later stage. Thirdly,

the best one.
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