CHAPTER IV

RESULTS AND DISCUSSION

Dewaxing Process

2
.gh.wﬁom Fang Refinery was a

solid at room temp f high quaritities of wax content. The pour
point of this distillate v to remove wax to obtain
low pour point oil. dely used as a solvent for
dewaxing process be at dewaxing temperature
and sufficiently low boi val from dewaxed oil. From
the result of dew ned 47.7% by weight of wax and
52.3% by weight of oil as e 4.1. The oil fraction was black
viscous liquid ang‘}}lpﬁfiﬁ;m id. Fhe physical and chemical
properties of dewaxed oil ar

AN ANEMI NN

Figure 4.1 The percentages of wax and dewaxed oil from dewaxing process.
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Table 4.1 The properties of Fang light distillate and dewaxed oil.

Properties Fang light distillate Dewaxed oil
Color ,Visual >8 >8
Saybolt <-16 <-16
Pour Point ( °C) 4
API 32.5
Viscosity ,40°C 28.13
100° 4.62
Viscosity Index 67.80
Sulfur Content ( 6w 0.309
% Ca 7.9
% Cp 65.9
% Cn 26.2
UV absorbance of D
extract at =7
280-400 1 > 4.0
( all wavelengths )

Direct UV absorptiyity at

ﬂSHnEI’J NYNIN %l’lﬂ‘i 11

awsanmm um'mmaa

* DMSO is dimethyl sulfoxide



53

Table 4.2 The straight chain alkanes in light distillate and dewaxed oil.

A number of

carbon

Molecular
weight

Retention time (min)

Standard

Light distillate

Dewexed oil

C13

184

Cl4

198

C15

Cl16

C17

C18

Cc19

C20

C21

C22

C23

C24

C25

6.545

9.621

11.101

12.521

13.881

15.181

16.421

17.861

19.481

21.282

C26

C27

L&
C2

C30

35.663

C31

37.684

C32

39.644

C33

41.564
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The *C-NMR spectrum in Figure Al showed three types of
carbon present in dewaxed oil. Following ASTM D 2140, the chemical shifts
from 110 to 160 ppm were aromatic carbons having integrated area of 9.817,
the chemical shifts from 0 to 25 and resolved chemical shifts from 25-60 were
paraffinic carbons having total integrated area of 83.210, and beside chemical
shifts of paraffinic carbons fro to 60 was naphthenic carbons having

contained 7.9 % by mole atom of

aromatic carbon, 65.9 . :&gﬁﬁlﬁc carbon, and 26.2 % by

(C13-C22) and ﬁgj: main  compon S 'wcr&] heptadecane, octadecane,
nonadecane, ﬁm sane’ and docosane 51?—(321)34th0]1 showed the retention

times at 12.5 u&lﬁ]%ﬂm flr‘liutes, respectively. But
mamw Al TR

In Figure A3, the UV absorbances of DMSO extract of dewaxed
at all wavelengths from 270 to 550 were more than 4.0, and direct
absorptivities of dewaxed oil in iso-octane at all wavelengths from 275 to 320
nm were more than 2.6. These illustrated that dewaxed oil contained a large

amount of impurities. Accordingly dewaxed oil contained 0.305% by weight of
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sulfur content and 7.9 % by mole atom of aromatic carbon. (The details about
UV absorption would explain in the results of hydrogenation stage in the page
of 77).

Generally, after dewaxing, a pour point of dewaxed oil should be
below about -15°C. [2] Because of the limit of cooling apparatus, the pour

dewaxed oil. Aromatic comy Were oved. Thus dewaxed o1l was

treated in the hydrodesul!

Hydrodesulfurizatiorn

The most e obidetive o fthis stage is to remove sulfur to
give oil containing less than [ g seight of sulfur to prevent poisoning

on platinum catal i Ir Also mnitrogen compounds was

. by ‘-t;__—F . ;
eliminated. But it ¢5nnot de mall Titrogen compounds in this
dewaxed oil.. m m

c

S :ﬁﬁmpds in peftéleum products are mainly aromatic
compounds. [%‘Tlﬂ Mﬂﬂiﬂ)ﬂcm jomatic hydrocarbons,
sulfur in oil i | i 1 ill be lighfef. This shows that
b ek b igied (161

In conclusion, the best catalyst and the best parameters or
conditions for hydrodesulfurization will improve the properties of
hydrodesulfurized oil as follows:

1) low sulfur content- It is the most important property of
hydrodesulfurized oil.
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2) light color- This shows that most of aromatic compounds were
removed from this stage.

3) low cracking products- Cracking reaction results in low yield
of hydrodesulfurized oil and many peaks of low boiling point products in the

GC-MS chromatogram.
The first study

hydrodesulfurization. Dewaxed oi

5, determine the suitable catalyst for
with hydrogen in the presence
Ik NiMo/AlLOs, NiW/ALO; and

il was subjected to various catalysts at

of various catalysts suel
prepared NiMoCo/AlU
reaction temperature o f 500 Psig, reaction time of

3 hours, agitation spegt st concentration of 5% by
weight of oil.

The

‘\

1gs hydrodesulfurized oils are
shown in Figure A4. ization are shown in Table
4.3. The effect of catalyst ,
hydrodesulfurized oil 2 1in Fig o 44, respectively.
a— : \J

ertles of hydroc su]funzem oils at various catalysts:

sulfur content and percent yield of

Table 4.3 The

reaction tem ﬁéﬁy ﬂhﬂm action time 3 hours,
catalyst can;ﬂ-a on 5% il, eed 500 rpm.

A el laE Y

Propérties axed Rnney iMo () 3 | NiW/ALO;
oil nickel
Sulfur, %ewt 0.309 0.256 0.201 0.121 0.116
Color, visual >8 4.5 4.0 3.0 3.0
% yield 82.1 96.0 95.4 96.3
(> 330°C)




by

Figure 4.2 Effect offatalyst fypeonsulfun conteit of hydrodesulfurized oil.

Figure 4.3 Effect of catalyst type on color of hydrodesulfurized oil.

57
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100-
gure 4.4 Effect o hydrodesulfurized oil
y nickel was used as catalyst,
the color of hydrodes d sulfur content was still high
or only 17.15% by weight sinal sulfur were eliminated. The
percent yield of h ause of cracking reaction,
and many low niofecular we np’ point components were

observed in the GC=MS chromamgram of this oiin Figure A4. Thus Raney
nickel was n ﬂﬂ rization stage. In comparison
of treating Hﬁ mmam‘ Al,O; catalyst, the

ssulfurize ﬁm m better color,
: aae ma gim better the

hydrodesulfurization catalyst than NiMo/Al,O;. From the result of using
NiW/Al,O; as a catalyst, the sulfur content of hydrodesulfurized oil was
0.116% by weight, which was slightly different from using NiMoCo/ALOs as a
catalyst (0.121% by weight). This indicated that NiW/AlL,O; was as the good
hydrodesulfurization catalyst as NiMoCo/Al,Os.
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From this study, it could be seen that the prepared NiMoCo/Al,O;
catalyst exhibited more superior performance for hydrodesulfurization than
NiMo/Al,O; and Raney nickel catalysts, but was similar to NiW/Al,O; catalyst.
However, tungsten is more expensive than cobalt and molybdenum. Therefore,
in this research, the prepared NiMoCo/Al,O; catalyst was chosen as a suitable
catalyst for the hydrodesulfurization Tg

This catal opti hydmdesu]funzatmn stage by

varying parameters 101 teiperature, hydrogen pressure,

catalyst concentrati xing the percentages of

%

molybdenum, nick yst.

1 —..' IL‘ ‘.n 0. Ca
The reat : T ;“‘:\\ \ between 250°C and 400°C.

| AN\

time of 3 hours, and/€a o Cl "-n-x of 5% by weight of oil. The

essure of 500 Psig, reaction

temperatures were operated .ﬁ::-,- 2350, and 400°C. When the temperature
increased, the total pre .c ‘ increased to 820,950, 1010, and
1105 Psig, respec I;1 — I

The Gﬂ— - i e@ hydrodesulfurized oils are
shown in Figure AS5. Fhe results of hydrodesulfurization are shown in Table

4.4. The cffedl Gt réabtign Jerplethtue 9 folo Sifir content and percent

yield of hydm&]amdﬁmzed oil are’presented in Figure 4.5 tq4.7, respectively.

ARIANN I wwwma d
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Table 4.4 The properties of hydrodesulfurized oils at various reaction

temperatures: hydrogen pressure 500 Psig, reaction time 3 hours, catalyst
concentration of 5% by weight of oil, and agitation speed 500 rpm.

Dewaxed Reaction temperature ( °C )
Properties oil . ‘ 300 350 400
Sulfur, %wt | 0.305 0.278 02 0.121 0.108
Color, visual >8 7 > 8% f——tg 3.0 2.5
% yield - 95.4 85.7
(>330°C) 7//&
y
a3 7 J;:'?
0.3
0.25 ;
g = U
g 0.16 ‘a | 'Y
{UBINBNIWE
~oes | ¢  - w
ML .
Temperature (°C)

Figure 4.5 Effect of reaction temperature on sulfur content of
hydrodesulfurized oil.
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Color

v 2 i, A i, €T B

\\%\ ~—

O] ;,f‘:'," '\\\ I fh}'drﬂdesu}.ﬂmzed oil.
e \

Figure 4.6 Effect ¢

% Yield

iudﬁwsﬂ€Wﬂﬂﬂi
AINIUNRINGIAY

Temperature {"C)

=3

9 75

Figure 4.7 Effect of reaction temperature on percent yield of hydrodesulfurized oil.
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From the results, when the reaction temperature was increased,
the sulfur content, the color and percent yield of hydrodesulfurized oil were
proportionally decreased. The sulfur content was decreased from 0.305 to
0.278. 0.202, 0.121, and 0.108% by weight, respectively, while the reaction
temperatures were operated at 250, 300, 350, and 400°C. These showed that

the effect of increasing rea nerature was to increase the rate of
hydrodesulfurization rea efetioarwas operated at 250°C, a small
..‘

amount of sulfur

med. Also the color of

hydrodesulfurized oil ¥ \ u, These indicated that the rate
of hydrodesulfurizatig .\.‘*u‘ 0°C. On the other hand at
400°C the yield was lgWesf i the ige of these studied temperatures and there

were many low boiling ??',i 51 observed from peaks of these
components at the retgnt gs’ élow --; 101 minutes in the GC-MS
chromatogram in FigurefAS: These ' honents were straight and branch
alkanes between octane and nexace ‘*f‘»"; +(C8-C16). These were the result of
thermal cracking a¢ il fotent in hydrodesulfurized
oil operated at S Wi S ¢ was darker than
hydrodesulfurized oi cpemted at 35{}“(3 The

L1 L LIE AL A A

slightly differ@at. Although hyc‘j,mdemﬂﬁmzcd oil uperated at 400°C would

s PG U 399 Y = 550, o

temperafure of 350°C was chosen as the optimum reaction temperature for

-MS chromatograms of

hydrodesulfurization stage because of thermal cracking at 400°C

The third concerned variable parameter was the pressure of the
process which was controlled by the hydrogen pressure. Dewaxed oil was

carried out at reaction temperature of 350°C, reaction time of 3 hours, and
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catalyst concentration of 5% by weight of oil. The hydrogen pressure was
varied from 300, 400, 500, and 600 Psig.

The GC-MS chromatograms of these hydrodesulfurized oils are
shown in Figure A6. The results of hydrodesulfurization are shown in Table
4.5. The effect of hydrogen pressure on color, sulfur content and percent yield

Table 4.5 The prog Tuds/ oF fiyadec ed oils at various hydrogen
pressures: reactionn tgip€raturel 350%C) reaction time 3 hours, catalyst

concentration 5% by welht af ¢ andiagitation speed 500 rpm.

“Hydrogen pressure ( Psig )
Properties 500 600
Sulfur , %owt 0.121 0.101
Cnl;r 3 :sdual s; 3.0 =5
evield o ﬁ%’ Alsﬂ 95.4 94.1
ool WE IV ?Y;l 3

’Q‘Wqﬂﬂﬂ‘iﬁu RPNEREE
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Sulfur (%wt)
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0.1 -
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Figure 4.9 Effect of hydrogen pressure on color of hydrodesulfurized oil.
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1

500 600
e
Figure 4.10 Effec n pres yield of hydrodesulfurized oil.
%ﬁ' ;
[ i
It would bE nifed that i s hydrogen pressure resulted in
_ _,"3:';.'_4. v . ; :
decreasing the color, and theé stllur o 1 hydrodesulfurized oil. These
demonstrated hy‘ increased, the rate of
hydrodesulfurization jreaction - increased. Uﬁke increasing temperature,

increasing hydrogen¢ pressure resulted in slightly different yield of

arodesutuSscbo) Thshda chianbl ) O iierence of e G-

chromato nf these hydrode$ulfurized oils at various hydrogen pressures in
o ok ALl AL BNV Bty s
no signiﬁcant effect on cracking reaction. From Figure 4.8, it was estimated
that the sulfur content in hydrodesulfurized oil could be reduced more than
0.101% if the reaction was operated at above 600 Psig. But the limit of the
regulator of the hydrogen tank used could not be adjusted above 600 Psig.
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Therefore, the hydrogen pressure of 600 Psig was chosen as the suitable
pressure for this hydrodesulfurization stage.

The forth variable parameter was the suitable quantity of catalyst
for hydrodesulfurization reaction. It was varied in a concentration range from |

s earried out at reaction temperature of

350°C, hydrogen pressuze o 600 lon time of 3 hours, and catalyst
: | o1l respectively.

The G@ N S€hfvinatograms of these hydrodesulfurized oils are
shown in Figure / | ization are shown in Table
4.6. The effect of

yield of hydrodes

ofy sulfur content and percent

in Figuréd.11 to 4.13, respectively.

\

T

Table 4.6 The ,,a.s. .:j._'._,,;h:- Ifurized oils at wvarious catalyst
dable 4.0 p 1y G _ Y

?--*";‘ pressure 600 Psig,

Color , visual > 8 35 3.0 2.5 2.5
% yield 96.0 95.2 94.1 90.2

(>330°C)




0.35

Sulfur (Ywt)

Figure 4.11

Catalyst concentration (% by wt of oil)
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Figure 4.12 Effect of catalyst concentration on color of hydrodesulfurized oil.
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percent yield of

hen t!le catalyst concentration
was increased, sulfr-content; and-percentyieid-of #jdrodesulfurized oils were
slightly decreased. - igu h ma&rams of hydrodesulfurized
oils at various catalystscencentrations were slightly different. When adding 5%

to 7% camlyﬂummnﬁnw matﬁ effected on color and

sulfur content of hydrodesulfurized oils but percent yield efshydrodesulfurized

o1l waafmda alm Mm t’l-llqnm 'aﬂ&lt concentration

would 1 mcrcase catalytic cracking. Moreover, the catalyst is costly, and it is not
essential to use excess amount of the catalyst. In this operation, the decision
was made to choose the 5% as the suitable catalyst concentration due to

economic aspect.
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The last variable parameter is the reaction time in a range of 2 to
6 hours. The dewaxed oil was carried out at reaction temperature of 350°C,
hydrogen pressure of 650 Psig, and catalyst concentration of 5% by weight of
oil. The reaction time was varied from 2, 3, 4, 5, and 6 hours.

The GC-MS chromatograms of these hydrodesulfurized oils are
drodesulfurization are shown in Table

4.7. The effect of cataly _conce -» lor sulfur content and percent
yield of hydrodesulfu — e Qm Figure 4.14 to 4.16,
respectively. v | ™~

Table 4.7 The propert] “hydrode il fur g- ils at various reaction times:

500 Psig, catalyst concentration

5% by weight of oil, and agl -»- ,—.‘ J0 rpm.

-
ol |
»

tithe ( hours )
T

Properties 3 <4 5 6
‘..‘

i e wsrv T

Color, visual (1! >8 2.5 25

(>330°C)

TR, qpm&rﬁ




Figure 4.14
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0.35 +

0.25 -

0.2 4

Sulfur (% wt)

0.15 -

0.1 ~

] \w/ S

/ \\-\‘&\“‘“~
Zt AN
re 4.14 Effect® \ t of hydrodesufurized oil.

/‘

Z ’-'TV 7 {:} :';r

Figure 4.15 Effect of reaction time on color of hydrodesulfurized oil.
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% Yield

N

Figure 4.16 Effect of#t ‘//A\ ent yield of hydrodesulfurized oil.

From noted that the sulfur contents in

hydrodesulfurized oils weré-€-i31, 8401, 0.082, 0.68 and 0.061 when the
A T

reaction time was)?2 , and 6 b : ﬁve]y, While the longer

reaction time wa V ol h ydrodesulfurized oil was

proportionately de ed and shightly ecmaserﬂvhen the reaction time was

operated m m remamcd constant if
the time wmﬂ%ﬂﬂ tﬂ ﬂ e more than 4 hours
resultﬁ u)ﬁjel . It was expected
that whale sﬂmw mﬂg‘m sulfide and

coke that caused the deactivation of catalyst. The longer reaction time did not
increase the rate of hydrodesulfurization. From Figure 14.16, the percent yield
of hydrodesulfurized oil was rapidly decreased when the reaction time was

longer and the GC-MS chromatogram in Figure A8 showed peaks of low
boiling point products after operating at 6 hours. These indicated that more oil
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was cracked more when the longer time was spent. Thus operating at longer

time was not suitable for hydrodesulfurization stage.

However, sulfur contents in hydrodesulfurized oils at the reaction
time of 2, 3, and 4 hours were more than 0.001% by weight. The surfur content
was too high to treat with the plati )  catalyst in the hydrogenation stage.

ed oil were removed again in

' Thus thﬂ sulfur Gﬂmpﬁ T m"\l YVOUC e S i
the second step ofhy -adestlfurization tollGwing the procedure 5.6 (p.46).
The res

4.8. The effect of the ¢ ]///

m ization are shown in Table

0 \\\hn on_on color, sulfur content and

percent yield of the séCa

: j, dzo. 1 s compared with the first

hydrodesulfurized oil o = presented in Figure 4.17 to

4.18, respectively.

Table 4.8 The 'i v Edulfuri ed oils at various
reaction times: reackion temperature 350°C hydxam pressure 600 Psig, the

e “““WEI‘TWW%W"T?TE“ L
AN mmmm :

Color, visual 15
Sulfur, Yewt 0.020 0.005 0.003
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036 Otst step
0.34 S sop
0.25
H
E 0.15+ A i
BB 7
0.08+ =8 i_.--" . I
- | = :

S

Figure 4.17 Effect ¢ ization at various reaction times

on sulfur content of the s€ce i

Gl ﬁlﬂﬂﬁ%ﬂﬂﬂﬁ )
Il ﬂ 8 Ef il

Figure 4.18  Effect of the double hydrodesulfurization at various reaction
times on color of the second hydrodesulfurized oil.
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From the result, the color of the second hydrodesulfurized oils at
the various reaction times remained the same and sulfur contents at the reaction
time of 3 and 4 hours were slightly different (0.005 and 0.003 % by weight,
respectively) while sulfur content of this oil at the reaction time of 2 hours was
still high (0.020 % by weight). The sulfur contents of the second
hydrodesulfurized oils were lower fian those of the first hydrodesulfurized oils

: 6 hours. These showed that two
@r than tlic.one hydrodesulfurization step at

longer reaction times. Lhe'dofible hydrodesulfuriz: jon about 3 hours of both

hydrodesulfurization steps

nlfm'izaﬁnn stage.

| 7o nfifesulﬁmzauun at reaction

time of 3 hours would givghydrodesiliurizet i, having more than 0.001% by

weight of sulfur contentfit Was expected ghat salfur content would be lower if

1i€d, at teduced pressure to obtain the

pmducts in a boiling range of = ‘ ‘ 150°C. From the result of distillation,
st 0.001% by weight of

sulfur.

mﬂmm i *lztﬁ?:’:::‘:zr: -
il?;msﬁn@ﬂfﬁ AN e 1M

that of dewaxed oil is shown in Figure All. The UV spectrum of
hydrodesulfurized oil in iso-octane and that of dewaxed oil in iso-octane are
presented in Figure Al12, and other physical and chemical properties of
hydrodesulfurized oil and those of dewaxed oil are shown in Table 4.9.



75

Table 4. The properties of dewaxed oil and hydrodesulfurized oil (330-450°C).

vl

Properties Dewaxed oil Hydrodesulfurized oil
Color, Visual >8 1.0
Saybolt <-16 <-16
Pour Point (°C) 2
API . 32.7
Viscosity , 40°C (cSOLSEN 24.06
100°C (S0t 432
Viscosity index 75.7
Sulfur content (Youy <0.001
%Ca S
%Cp 65.2
%Cn 29.5
UV absorbance of D}
at 280-289 nm 2.706
290-299 nm 2.715
300-309p 2.819
310319 m——— 3.035
320-329 ' 3.072
330-330 ﬂ 3 081

ﬂﬂiﬂmm o

 360-370 nm >4.0 & @s2.743
nﬂc%'l@:#ﬂﬁw ANR1INY1a Y

9 2750m 2.811 2.689
295 nm 2.682 2.545
300 nm 2.716 2.504
310 nm 2.784 1.732
320 nm 2.964 1.044

% Yield (330-450°C) 853 -
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Before distillation, sulfur content in hydrodesulfurized oil was

0.005% by weight, and after distillation the fraction with a boiling range of 330

°C to 450°C contained less than 0.001% by weight of sulfur. It was assumed
that the higher boiling point products were sulfur containing compounds.

" The light fraction products with a boiling range below 330°C was

colorless . From the GC-MS ogram in the Figure A9, it showed that

C8 to C22 and four main

components were heptadécane, @decane, and eicosane (C17-
C20). Another fracti iling range above'4 50°C was black color, high

Ins hydrodesulfurization stage
in the batch reactio the' prosence of gatalyst comprising %5 nickel, 10%
molybdenum and 5% suppbried duas the double hydrodesulfurization at

reaction temperature of 350" hydra gen pressure of 600 Psig, catalyst

ime about 3 hours for each

step. After dewaxdd/6il was freated S Condition and then distilled,
hydrodesulfurized Dm\ﬂ a boiling range of 33@(3 to 450°C contained less

A e e
o R T R e e

hydrodesulfurized oil in a wavelength range of 280 to 370 nm were more than
2.7, and direct absortivities in a wavelength range of 275 to 300 nm were more
than 2.5 while those of 300 to 320 nm were more than 1.0. This dewaxed oil

gave 85.3% yield of hydrodesulfurized oil and 7.1% of light oil, 4.0% of gas,
and 3.6% of residual fraction.
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Hydrogenation Stage

In this stage, the second hydrodesulfurized oil with a boiling
range of 330°C to 450°C was contacted in the batch reactor with the presence
of hydrogen and the catalyst comprising of 0.3% platinum supported on
alumina to determine the optimum geaditions for hydrogenation stage.

| o t criteria to determine the
properties of hydrogen erg cﬁbﬂmpﬁm of DMSO extract,
and direct UV absorpiawity’. : .4 ‘-'""

Becausé

- was too light to determine
or. But hydrodesulfurized

(NG o raArogenatea O

by visual color tes n’ dsurec
oil was too dark todctefin =

‘, ’f [,7 (, gst, it was reported to have

Saybolt color below -46. Jf il is:Colox saybolt color is +30.
The UV ak i c%;g od for testing purity of white oil.
[2] The impurities are aromatic o] h as aromatic hydrocarbons, and
aromatic sulfur and nitm' The examples of UV absorption of

absorption of mondAromatic avelength range of 250 to 300
| ' , |
nm, that of diaroma ‘ compounds is in a wavelength range of 250 to 320 nm,

and that of p fn s, le ge of 250 to 400 nm.
Aromatic s“ﬂmgi]ﬂﬂ}w i matic compounds are
soluble- ‘ m ﬁ" exane solution
of hym(al -2 ms t]o o ic nitrogen and
sulfur components are in DMSO and aromatic hydrocarbons are in both DMSO
and hexane. Thus measuring UV absorption of DMSO extract of hydrogenated
oil or white oil will indicate these impurities in oils. Another method for testing
purity of oil is direct absorptivity of oil following ASTM D 2008. Generally,

hydrogenated oil and white oil contain aromatic hydrocarbons more than other

aromatic compounds. This method will detect aromatic hydrocarbons in these
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oils. The concentration of 1 g/l of oil in iso-octane was subjected to UV
absorption measurement by using 1 cm of cell path length, thus the absorptivity
is equal absorbance.

In hydrogenation stage the hydrogen pressure was preferably

pressure of 600 Psig ¥

—

stage.

The action temperature at 275,
300 and 350°C. ydrogenated at hydrogen
pressure of 600 Psig st concentration of 5% by
weight of oil, and

\\ ts of hydrogenated oils and
edttion temperatures are presented
olor, the sulfur content, and the

3
E‘b > :
< hyofste

-0
-y

hydrogenated oils in is0-0
in Figure A13 and Al4 --JL" byee ]
percent yield of th ‘rl:;a_-.:;_;;ﬁi;:;;;;;;;;;;z:;;:.\-:a n Table 4.10. The effect
of reaction temperature MSO extract and direct UV

i J
absorptivity of hy?enated oil are shown in Figure 4.19 and 4.20,

Se— ﬂ‘iJEJ\’WlEJV]iWEﬂﬂ‘i
QW']&\‘iﬂiﬂJ URIINYAY
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Table 4.10 The properties of hydrogenated oil at various reaction
temperatures: hydrogen pressure 600 Psig, reaction time 3 hours, catalyst
concentration of 5% by weight of oil, and agitation speed 500 rpm.

Hydrogenated oil Spec. of

Properties . at temperature (°C) technical
' 350 white oil

Color , Saybolt + 28 + 20 min

Sulfur, % by weight <0.001

UV absorbance of

DMSO extract at
280-289 nm 2.523 4.0 max
290-299 nm 2.576 3.3 max
300-309 nm 2.668 2.3 max
310-319 nm 2.849 2.3 max
320-329 nm 2.883 2.3 max
330-339 nm 2.545 0.8 max
340-349 nm , 1.866 0.8 max
350-359 nm 2.761 2.409 1.175 -
360-370 44 -

L emmy e ﬂ‘mt‘ﬁ“n‘f

a"“"“"‘lfm AINNIENAY

295 nm 2.545 1.750 1.334 1.324 -
300 nm 2.504 1.540 1.081 1.059 =
310 nm 1.732 0.983 0.505 0.522 -
320 nm 1.044 0.475 0.154 | 0.191 -

% Yield (330-450°C) 96.5 943 91.1
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350

Figure 4.19 Effect gf thé wablion temp N\ con UV absorption of DMSO

ARANNSE . .

Temperature (°C)

Figure 4.20 Effect of the reaction temperature on direct UV absorptivity of
hydrogenated oil in iso-octane.
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From data in Table 4.10, the sulfur contents of hydrogenated oils
was lower than 0.001%. The color of hydrogenated oils at 350°C and 300°C
was almost colorless (Saybolt color of +28), while the color of hydrogenated
oil at 275°C was slightly yellow (Saybolt color of +21). This showed that
operating hydrogenation at 350°C and 300°C improved color better than that at
275°C.

Although the_color ¢ % ydrogenated oils would pass the
specification of technicala hite o &1 ies in these oils are still high.

¥ —
From Figure A13 and 4«9 Wie d absorption of DMSO extracts

of hydrogenate oil ybanges in a wavelength range of
260-360 nm were skight

360-400 nm were gapidly" d especially absorbance at 360 nm

s in a wavelength range of

( ! s tion was more effective
when the temperatdrc increas ""-!i Because of slightly
yellow color of hy 5C amﬂ large number of thermal

cracking pro ﬁ ' cm as, c the suitable reaction
temperature Hu gim. Msisorhances of DMSO
extract i e waye m 299 e less specification of
technitil ﬁfj aw hi eﬁmﬁl m ﬁﬁj give white oil

because of high absorbances in a wavelength range of 300 to 350 nm.

Next, the reaction time for hydrogenation stage was varied. The
hydrodesulfurized oil was hydrogenated at temperature of 300°C, hydrogen
pressure of 600 Psig, catalyst concentration of 5%, and agitation speed of 500
rpm. The UV spectra of DMSO extracts of hydrogenated oils and hydrogenated
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oils in iso-octane at various reaction temperatures are presented in Figure A15
and A16, respectively. The color, the sulfur content, and the yield of these
hydrogenated oils are recorded in Table 4.11. The effect of reaction time on
UV absorption of DMSO extract and direct UV absorptivity of hydrogenated
oil are shown in the Figure 4.21 and 4.22, respectively.

Table 4.11 The -..-\:L, ted oil at various reaction times:

reaction temperature 300"C. L f oge 600 Psig, catalyst concentration
P g — £, Yy

5% by weight of oil and"agifatior sew

\ SN :
' ""‘*- ngenated oil Spec. of
Properties k\ action time (°C) technical
N ’ j\“\\\ . 9 white oil
Color, Saybolt LG il | L +30 |+30 + 20 min
Sulfur, % by weight 001 4 <0.001 | <0.001

UV absorption of DMSO
extract at , ,
280-289 nm o900 (2482 | 2362 (2340 | 4.0 max
290-299nmy2 1 2715 | 2493 123 2.406 3.3 max
300-309 Y : 5 2.455 2.3 max
310-319 nm m : 2574 | 2.3 max
320-329nm ¢ o 3072 {,2923 | 2761 [2804 | 23 max

33ﬂ-3ﬂ:ﬁ ARIVIEL T ' ‘g‘tg 12368 (2810 | 08 max

340-349Inm 2,998 2743 | 2.725 0.8 max

siiﬁ’ﬁmﬂmﬁil Pnitiag |

Du&ct absorptivity at -
275 nm 2.689 2319 | 2187 |2.093 -
295 nm 2.545 1.334 1.248 | 1.113 -
300 nm 2.504 1.081 0.970 | 0.891 -
310 nm 1.732 0.505 0.443 |0.434 -
320 nm 1.044 0.154 | 0.090 |0.122 -
% Yield (330-450°C) 943 | 927 89.5




33

35 - absorbance

////ﬂ}?‘&h
W

Figure 4.21 Effectf te freactionfime on UViabsorption of DMSO extract

—4—275 nm
—&8—296 nm
—&— 300 nm
—¥—310 nm

Figure 4.22 Effect of the reaction time on direct absorptivity of hydrogenated
oil in iso-octane.
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From the data, when the longer time was spent more than 3 hours,
the color of hydrogenated oils were colorless (Saybolt color of +30) but UV
absorbances of DMSO extract and UV absorptivities of hydrogenated oils were
not significantly changed. It was concluded that the reaction time more than 3
hours had no significant effect on hydrogenation reaction. It was expected that
from residual sulfur compounds in
hydrodesulfurized oil may vation of platinum catalyst. In this

experiment, the proc ﬁ When hydrogen sulfide was
—

generated, it Wﬂsy r. Thtswitawas difficult to hydrogenate
aromatic compounds \

hydrogen sulfide which was ge

To sol foblemn-ofi ogen sulfide and other impurities gas
generated during the #reagti &é_’ ultiple step hydrogenation following a
procedure in the expe ﬁggr iled out. In each step, the
reaction was performed °C, hydrogen pressure of 600

The WV -f“‘« hydrogenated oils and

hydrogenated oils tﬂisu-mtanc arc presented uﬁlgun: Al7 and A18. The
color, the s m i | ted oil are recorded
in Table 4.:ﬁ'ﬂ umm 'ﬁm UV absorption of
DMSO f hydro ﬂﬁi i V. a lﬁ‘gf hydrogenated
oil mimﬁ{ﬁ;g mﬁj’nﬂﬁﬁ :
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Table 4.12 The properties of hydrogenated oils at multiple hydrogenation:
reaction temperature 300°C, hydrogen pressure 600 Psig, reaction time of each
steps for 3 hours, catalyst concentration 5% by weight oil, and agitation speed
500 rpm.

Hydmgenateﬂ oil of the Spec. of
Properties HDS oil / nd | third forth | technical
' step Ps, | step step | white oil

Color , Saybolt - +¢8 : + 30 +30 + 20 min

Sulfur, % by wt T 26 001 | 20001} <0.001 | <0.001

UV absorbances of = } '

DMSO extract at '*‘ﬂ
280-289 nm v . 146 471 | 2460 | 4.0 max
290-299 nm Pfab 52 : 2486 | 2370 | 3.3 max
300-309 nm 8 'G4EL 2.3 2.579 | 21 2.3 max
310-319 nm 3.085 (592 857 5 2626 | 1.19 | 2.3 max
320-329 nm 3.0727742 2530 | 033 | 2.3 max
330-339 nm 55 876 JS0 | 0.208 | 0.8 max
340-349 nm ¥150 | 0.138 | 0.8 max
350-359 nm 2 761 2443 | 1445 [<0.771 | 0.023 -
360-370 Eﬁ T‘V] ﬁ 4 0.008 -

vy FEN3 _

absorp s -
z-,,ﬁ?ﬁ'] RSN INDARE |
295 nm 2.545 1324 | 0850 | 0414 | 0.168 =
300 nm 2.504 1.059 | 0670 | 0318 | 0.130 >
310 nm 1.732 0522 | 0343 | 0.153 | 0.067 -
320 nm 1.044 0191 | 0108 | 0.026 | 0017 | -




Figure 4.23 Effect g
of DMS

—#— 276 nm
—@—295 nm
—&— 300 nm
—¥—310 nm
—¥—320 nm

Figure 4.24 Effect of multiple hydrogenation on direct absorptivity of
hydrogenated oil in iso-octane.
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From this experiment, the color of the second, the third and the
forth hydrogenated oils were colorless (Saybolt color of +30). When multiple
hydrogenation was carried out, UV absorbances of DMSO extracts of
hydrogenated oils (Figure A17, Figure 4.23) at wavelengths above 330 nm were
rapidly reduced. Although absorbances at a wavelength range of 280 to 310 nm
were slightly reduced, they werd lower than those specification of technical

%

white oils. In Figure A18 and 4.24, fyhefimultiple hydrogenation was carried

requirements for

out, UV absorptivities 0f hydros mvelength range above 275 nm
were rapidly decmy . N

It was™c / ohly, the forth hydrogenated oil met all

i o1l p; : aximum UV absorbances

110, and 0.208, while the
.33, 23, and 0.8 in a range
afid 330-350 nm, respectively.

of produced whit

specification of tec

Moreover it passed diregt UN-dbsorpi cst for medicinal and food grade
white oil of Germany. If hyd; @s.carried out more than four times,
i

of the forth hydrog Rt sompared with original oil, and

commercial technical*white oil as shown in Table 4. |

‘ tE‘r‘:‘T um rﬂTmz t, colorless, almost

| ) ] * S

odorless, haﬁﬂJHI of 3 j,{l:%ﬂzfz .15 and 4.03 chj at 40°C and 100

o‘C, res) 1 : i, 2 : . a 2 Uv absgrpﬁun
NN S vy

Hydrodesulfurized oil gave 85.1 % yield of technical white oil,
8.4 % of light oil, and 6.5 % of gas. When calculated from dewaxed oil, it gave
72.6% yield of technical white oil, 14.3% of light oil, 9.5% of gas and 3.6% of
residual fraction, and when calcutated from light distillate, it gave 34.6% yield
of technical white oil, 6.8% of of light oil, 4.5% of gas and 1.7% of residual

fraction, .
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Table 4.12 The properties of dewaxed oil, hydrodesulfurized oil and white oil.

Specification
Properties Dewaxed HDS oil White | of technical
oil oil white oil
Color, Visual >8 1.0 - -
Saybolt 6 <-16 +30 +20 min,
Pour Point (°C) 4 W/} 0 -
API : = 33.1
Viscosity , 40°C (cS SV y 21.15 >50
100°C (cS \;"\‘ 4.03 .
Viscosity index . 77.0 -
Sulfur content (Yowt <0.001 -
UV absorbance of
DMSO extract at
280-289 nm 2.460 4.0 max
290-299 nm 2.370 3.3 max
300-329 2.110 2.3 max
330-350 ,‘?EF 0208 | 0.8 max
Direct UV ahsnrprti at
275 nm 2.689 o 2.665 0.444 1.6 max®
205 ﬂ u Eﬂ A ng 'ﬁ ‘-w Ho‘] ﬂ "jn. 168 | 0.20 max’
2 5ﬂ4 1.540 0.130 0.15 max®
< mmnﬁg;um’;mnﬁ_‘y
%Cn 29.5 38.9
% yield 85.3° 72.6°
40.7° 34.6°

*specification of medicinal and food grade white oils of Germany ° ND = none detect
Ycompare with light distillate

® compare with dewaxed oil
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