CHAPTER 111

EXPERIMENTAL

Refinery Plant.
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4. Nickel chié ' l \ l and chloroplatinic acid
' '- ‘ and available from Carlo

5. Ammonium mo -!"’ ~_-:=-':» ate (NH4)sM070,4.4H,0 was

7. Citric ﬁﬁ:n &iﬁz ﬁbﬁ 'T ﬁa%ablc from May &
A mmm Vil aT Y

9. Iso-octane was analytical grade and available from Mallinckroat.

10. Dimethyl sulfoxide ( (CH;),SO) was spectrophotometric grade and
available from Fluka Chemika.

11. Raney nickel was available from Merck.
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12. Alumina support ( CS331-3 type ) and heterogeneous catalysts
T-2563 ( WO3/NiO on alumina ) and C20-7-06 ( MoO3/NiO on
alumina) were supplied from United Catalyst Inc.,. The approximate

amount of component in these catalysts are shown in Table 3.1.

Catalyst Types /// "“‘“"‘ % by weight

C20-7-60 / . MaO. | 15-20
1-5
T-25263 <10
15-25

13. Shell Risella Wk """-""-f% 14 chnical grade white oil and was
supph L.. -Siael Hhauanag g ;-r;,:;,,-a fication of this white oil
LY A

is shown i

j

Culm' Sa}fbolt .
Viscosity, cst, at 40°C
API
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Apparatus and Instruments

1. Apparatus for Measuring Pore Volume of Alumina Support CS331-3
- Buret for charging deionized water.
- Suction flask for chargi
- Stand and clamp {or ightt ning buret and suction flask.

alumina support.

e pores of alumina supports

The apparais® 5SM from iholite Furnaces was used.
3. Nuclear M i '- it sctror (NMR Spectrometer)
The NMR modelA¢# 200 i (zm MHz) was used.
G52 ‘ | ‘ (GC-MS)
The apparatus nio —- s < :‘ 1d Mass spectrometer model

The app: ’h_—“‘ 8452A 1 it Packard was used

0

ﬁattuudel K-234 A from Hochler Instrument Co., Inc.

BINENINEINTG
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d

Sulﬁ.u‘ Analyzer r}@

The apparatus model SLFA-800 from HORIBA was used.
9. Colorimeter

The Fisher ASTM Colorimeter was used.
10. Surface Area Analyzer

The instrument model Micromeritics Flow Sorb II 2300 was used.

6. vlscume

- dwA s G
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11. High Pressure Reactor
All experiments for the hydrodesulfurization and hydrogenation
studies were carried out in the hydrogenation apparatus which consisted of four
parts as follow:
1) Reactor (Figure 3.1)
The hydrogena i 1 stand reactor was a high pressure

Parr Instrument Company with

3750 cubic centimeters STATRIESS steEl BM{W bomb, split ring closures
and bomb heater. The ork . a'p e range from 0-2000 Psig

and in temperature fig

! f "
| Wi me e waa | P ". .

-

4551
1 gal. Reactor with 4842 Controller

Figure 3.1 Floor stand reactor.
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2) Reactor Fitting (Figure 3.2)
The stirring unit of reactor was equipped with convenient valves
and fittings for handling of various functions. The parts were indicated with the

following number.

6
2 3
5
4
' 8
10 \ ; & w‘
O o B . [-]
o) 3R | 3 T TTIT U2 Vi piop o
24 a safety rupture disc 8. a thermocouple
3. a gas inlet valve 9. adip tube
4. a liquid sampling valve 10. a stirring shaft with 6-blade
5. a gas release valve turbine type impellers
6. a stirrer magnetic drive system

Figure 3.2 Reactor fitting.
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3) Automatic Temperature Controller
The controller used was model 4842 PID controller from the
Parr Instrument Company. It was operated in conjunction with a dual
thermocouple. There were various enhancement modules to assist in monitoring

and controlling the temperature, pressure and stirring speed. Its stirring speed

Procedure

(600 g) was heated’sl ' 20°C until wax was liquefied

completely then cod me:thyl ethyl ketune (1800 I.jt was added. The ratio by

volume hetwﬁ(t;lﬁfn‘an m ﬂﬂhfmnuxmrﬂ was chilled to

temperature C by reﬁ'lgeratmn wax crystals were then filtered

o N AT ST v e

filtered With suction before the temperature had a chance to rise much above 5

°C and the suction was allowed for several minutes until oil was removed
completely from the wax. The filtrate was collected and the oil was recovered
from the filtrate by simple distillation to obtain dewaxed oil.
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2. Determination of Properties of Dewaxed Oil

2.1 Physical properties:
1) Kinematic viscosity by ASTM D-445
2) Viscosity Index (VI) by ASTM D-2270
3) Color,Visual STM D-1500
4) Color, Say

2.2 Chemicalgffofcfisi= 20\
7%
1) Sulfur cofte

ﬂ{_.n_ \\ \
2) Aromatic GOnient ,‘f-*-"ﬁ arbon was determined by

]3c_ T

of 0il in 3 ml of CDCl; was
subjec
3) The | V
Cﬂn tral:mn of Sample: 1000 pp

iy N

ID, 0.25 um
ﬂi 1 min) at rate
"8 4 m:j mﬂ rate 3°C/min
Carrier Gas : Helium at flow rate of 55 cm/sec
Injector Temperature: 280°C
Split Ratio: 50:1
Detector: MS (EI' 70 ev)

fedby GC-MS.

T
2 of oil in hexane
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4) UV absorption of DMSO extract of oil by ASTM D 2269-73
A mixture of 25 ml of oil and 25 ml of hexane was extracted with
5 ml of DMSO. Then the DMSO extract of oil was determined the absorbance
compared to the solvent control ( DMSO extract of 25 ml of hexane) through
the range 250 to 450 nm by using 1 cm of cell path length.

5) Direct UV absasptivit ” in iso-octane by ASTM D 2008

-octane was subjected to UV
absorption measurement.gompared fo 1s0-oetanc th uug,h the range 250 to 450
'} ptivity of solution of oil is
calculated by a = 2 absorbance, b = cell path

length in unit of cm y-octane in unit of g/i ) In

pil ‘and wax fractions are shown in
. 18 GC-MS chromatogram of dewaxed
oil are shown in Fig -_-_;_-ru-_".---f:-—m-«--\ . The UV spectra of the
solution of dcwaxedﬂi 1
shown in Figure A2. Tbeamperﬁea. of wgd oil are recorded in Table 4.1.

AUEY ‘VIEJ‘V]?WEHﬂ‘ﬁ
ama&nww AR NHAE ¢

The alumina supports (100 g) were subjected into the suction flask

“extract of dewaxed oil are

which equipped with a buret containing deionized water. These apparatuses
were connected with vacuum pump. Then the vacuum pump was applied to
evacuate an air from the pore of those supports. Deionized water from buret
was added to the supports thoroughly. The volume of deionized water was
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determined. The procedure that described above was repeated until the water
consumption by support became constant. The pore volume of support was
calculated from the volume of consumed water. The result of this experiment

indicated that the pore volume of support CS331-3 type was 0.64 ml/g.

4. Preparation of Ca \-\ ’///
4.1 Hydre Hurized:Catalysi
( 5%Nid0% M0 -5%6Co/ALE

The
solution, prepared by g
ml), for about 15 minute§ 2 :
was drained off. The preyfeatcd Slmiisupport was dried at 120°C and then

(49 g in deionized water (200
e. The excess pretreating solution
was added to an imprf:gna'cfj (6. ml) comprising 18.41 g of (NH,);
Mo070,4.4H,0, 20.2% 1008 (Clg,ﬁHfD, and 10 g of
_tu-.",\‘ ml of solution (pore
volume of alumina~'support (100 g) was proportional to 64 ml). The

impregnated ahtmi - dnt %’é’ %"m was calcined at 600
°C for 3 hommzxﬂ%smuﬂl Catalyst.
CVUMER IR £ MR LAL - —
and the surface area was determined. The results are shown as follow:
1

citric acid in a suffici

Molybdenum 0%
Nickel 5%
Cobalt 5%

Surface area 141.05 m*/g
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4,2 Hydrogenation Catalyst: 0.3%Pt/Al,O; [17-19]

An aqueous impregnating solution was prepared by dissolving
1 g of chloroplatinic acid (H,PtCls.6H,0) in 80 ml of deionized water. The

alumina support (125.55 g) was i1 ted with this prepared solution. The
jed at 1 ;} then was calcined at 450 °C for 3

hours to obtain the hydroge 2

impregnated support was

leined catalyst was calculated

and the surface area Was 1oft ' The res - shown as follow:

D@ax d oil (400.0 g) anc mihdufhlog catalyst (20 g)
were placed in I? stainlessssteel reactor @The ﬁ in the reactor was replaced by
U

hydrogen rumalmglnnﬁ :1] g‘iressure in this reactor
IR S Fal 1L g1k Y

rpm. After the reaction took place, heating was stopped and the reaction
mixture was stirred until that mixture was cooled to room temperature. Next,
the pressure was released and the content in reactor was transferred to a 1 litter

beaker and the catalyst was separated by suction filtration to give 392.2 g of
hydrodesulfurized oil.
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The molecular weight distribution of hydrodesulfurized oil
was analyzed by GC-MS. The sulfur content and the color of hydrodesulfurized
oil were measured as described in the procedure 2 (p.39). The low boiling point
products were separated by reduced pressure distillation to obtain the
hydrodesulfurized oil with a boiling range above 330°C. The yield of
hydrodesulfurized oil was 96.0%

|
dils Al

imilar to that described above
¢o; and Raney nickel) were used.

ked np in the same manner to give the

desired products. Thes€ ous W ¢ anblyz .\‘.\:.\
£/ chromatograms these hydrodesulfurized oils

are shown in Figure A4 ., the ¢ olor and the percent yield of

hydrodesulfurized oils afe 3. The effect of catalyst type on
rodesulfurized oil are shown in

Figure 4.2-4 .4, fe%pﬂcﬁvﬁ:l}::f ,;;f___ :

7
2 Tm Effect of Reaction Tempclﬂue on Hydrodesulfurization
¢ o u
AYHANENINYN
491 Follo e

wing ‘same pmceg.ljm as referred in the experiment

QAR TS AT Y I B

suitablecatalyst obtained from the experiment 5.1 were used. After the reaction

was completed, the mixture was worked up in the same manner to give the
desired products. The properties of these hydrodesulfurized oils were

determined as described in the experiment 5.1.
The GC-MS chromatograms of hydrodesulfurized oils at

various temperatures are shown in Figure A5. The sulfur content, the color and
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the percent yield of hydrodesulfurized oils are presented in Table 4.4. The
effect of reaction temperature on sulfur content, color and percent yield of

hydrodesulfurized oil are shown in Figure 4.5-4.7, respectively.

;1_\ 00, 400, 500 and 600 Psig)

experiment 5.2 except o

_experiment 5.2 were used.

I ated. ¢ as worked up in the same

‘i“\ 1es of these hydrodesulfurized
petiment 5.1

and the optimum ten
After the reaction was
manner to give the desi
oils were determined thaf'dgscribed in theex

The GEMS £l ‘\ of hydrodesulfurized oils at
: L lgurc A6. The sulfur content, the

FTAMS

various hydrogen pressuresi__
color and the percezit drodesu ,_,‘-7 > presented in Table 4.5.
The effect of hydroger ' 7 “‘- and percent yield of
)

hydrodesulfurized oile J

AUEANENTNEINS
AT TPT T T

Following the same procedure as described in the experiment

e shown in'Flgum 4.8-4.10respectively.

5.3 except the various catalyst concentrations (1, 3, 5, and 7 % by weight of
oil) and the optimum hydrogen pressure obtained from the experiment 5.3 were

used. After the reaction was complete, the mixture was worked up in the same
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manner to give the desired products. The properties of these hydrodesulfurized
oils were determined as described in the experiment 5.1.

The GC-MS chromatograms of hydrodesulfurized oils at
various catalyst concentrations are shown in Figure A7. The sulfur content, the
color and the percent yield of hydrodesulfurized oils are presented in Table 4.6,

drodesulfurization

e @s described in the experiment
d 6 hours) and the optimum

catalyst concentration obi -g‘_- m pefiment 5.4 were used. After the

reaction was completed, the mixiure wa ked up in the same manner to give
the desired produgi§<The propertics of these. i If i il e

determined as desc Y""i |
The GC-MS chmmm;.cﬁmns of hydrodesulfurized oils at

various remuﬂ%mww ﬂ:ﬂl@n content, the color

and the percentfield of hydrudesu.;lfunzed oil i3 are presented in Table 4.7. The,

:ifcct ﬂ ﬁ@ﬂ ﬁnﬂdﬁ M wq:@ ﬂ:&l QM@t yield of

drodesulfurized oil are shown in Figure 4.14-4.16, respectively.



46

5.6 The Effect of Double Hydrodesulfurization

In the first hydrodesulfurized step, dewaxed oil (400.0 g)

was carried out, following the samc prucedure as described in the experiment

timum conditions in the experiment

5.5 at reaction time of 3 ho p
mrewas worked up as usual,

stureduntilthalmixturewas

5.1-5.4. Aﬁerthercac

heating was stopped and (&
cooled to room tempgrafiice Fli¢ pressure m (heigeactor was then released. The
second hydrodesul {ufiz 0w 3 £p Was pegunt. by geplacing residual hydrogen

sulfide in the reactc

pressure in this reacir #a§ adjhstet des pressure. The reaction was
Wreder ¥ o

heated to as same tempgéragire EEJ frst hydrodesulfurization step, to
Al e \

gi\"e 3925 g ﬂfthﬂ Secon d L 1'£ﬁ .
Following |
except various regction_times ol _BOIR_S re set at 2 and 4 hours,

‘gimilar to that described above

; —
respectively. After the re d li > mixture was worked up in

the same manner to gbtam the desued second hydrodesulfurized oils which

o 4 BT 8 1.

The sulfur content and the cnlor of the second
hydm&w ﬂlf}n‘? %ﬁlﬂ] M E’{] '& Hfﬂct of double
hydmdelulﬁmzauun on sulfur content and color of the second
hydrodesulfurized oils compared with the first hydrodesulfurized oil operated
at 5 and 6 hours are shown in Figure 4.17-4.18, respectively.
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5.7 Determination of Properties of Hydrodesulfurized Oil

The hydrodesulfurization oil of the optimum conditions in
the experiment 5.6 was distilled by reduced pressure distillation to obtain the
products with a boiling range of 330 to 450°C for hydrogenation stage. The

properties of this hydrodes il were determined as same as dewaxed

oil that described in the proced
d the C-NMR spectrum of

this hydrodesul ) and A10, respectively. The

UV spectra of DMSO & zec oil and of dewaxed oil are

compared in Figure / i ﬁtls of hydrodesulfurized oil

in iso-octane and ol dg¥ ; a- 1Ii compared in Figure Al12.

"'.ﬂi

The properties of hydodesnliurizes ed with dewaxed oil are

recorded in Table 4.9. r EF

"‘ .
- J uJJ

‘ "..3' .L_} Z/ M

6. Hydrog 'F | \J

ﬁﬂﬁ%ﬁﬁﬁ?ﬁﬁfﬁ%’“‘“
.mlbmmﬂmmﬁﬂﬂ‘:::;ziii

Pt/Al,O; (20g) as hydrogenation catalyst were placed in a stainless steel

reactor. The gas in reactor was replaced by hydrogen gas for several times and
then hydrogen gas pressure in this reactor was adjusted to 600 Psig. The
reaction was operated at 3 hours by various reaction temperatures (275, 300,
and 350°C, respectively) and the stirring speed was maintained at 500 rpm.
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After the reaction took place, heating was stopped and the reaction mixture was
stirred until that mixture was cooled to room temperature. Next, the pressure
was released and the content in the reactor was transferred to a 1 litter beaker
and the catalyst was separated by suction filtration to give oil products. The
low boiling products were separatcd by reduced pressure distillation to obtain
hydrogenated oil in a boili \ above 330°C. The color of these
hydrogenated oils were meas \ & color following ASTM D-156.
The sulfur content, UV dBsGiption of @ﬂa{:t and UV absorptivity of
solution of hydrogenates W I50-0 . were. *_,-,_ ermined.

racts of hydrogenated oils at
\i\\ UV spectra of solutions of

e Al4. The color, the sulfur

various temperatures
hydrogenated oils in i€

content and the percenyyiglc ‘of Ty og Rated oils are recorded in Table 4.10.

The effect of reaction tgmpe rature : abs orption of DMSO extract and
direct ahsurphﬂty of hydre rfi’" re.presented in Figure 4.19 and 4.20,
respectively.

S—

EJ 2
FW’EF%%W LA i

’5] 1) PRV B S0 484 ¢ procimen 1

except the various reaction times (3, 6, and 9 hours) ant the suitable reaction
temperature obtained from the experiment 6.1 were used. After the reaction
was completed, the mixture was worked up in the same manner to give the
desired products. The properties of hydrogenated oils were determined in the

same way as hydrogenated oils in the experiment 6.1.
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The UV spectra of DMSO extracts of hydrogenated oils at
various reaction times are shown Figure A15. The UV spectra of solutions of
hydrogenated oils in iso-octane are shown in Figure AlG6. The color, sulfur
content and percent yield of hydrogenated oils are recorded in Table 4.11. The
effect of reaction time on UV absorption of DMSO extract and direct

"Wresented in Figure 4.21 and 4.22,

absorptivity of hydrogenated

respectively.
6.3 Th
\u first hydrogenation step
similar to the experiment 6 \ 00°C under hydrogen pressure
of 600 Psi for 3 hours. he reactioi.n - was worked out, heating was
stopped and the reaction --" stitred until that mixture was cooled to

edfwhich keeping the content
Begun by replacing residual

hydrogen sulfide in+€actor with hydrogen gas for-several times, then hydrogen

el ;ﬂﬁﬂﬂﬂf {101 I
heated to thﬂ f desulfuruaﬂun step.
After i me i ﬁ tirred until that
mixtur med to room tempe: ; mj SS was released.

About 50 g of the second hydrogenated oil were collected and were distilled to

room temperature. b

in reactor. The seebnd |

test the properties in the same way as the hydrogenated oil with a boiling range
above 330°C following the experiment 3.3.7.2. The remain hydrogenated oils
were still in the reactor and then hydrogenated in the third and the forth steps,

respectively.



50

The UV spectra of DMSO extracts of hydrogenated oils at
each step are shown in Figure Al7. The UV spectra of solutions of
hydrogenated oils in iso-octane are shown in Figure A18. The color, the sulfur
content and the percent yield of hydrogenated oils are recorded in Table 4.12.
The effect of multiple hydrogenation on UV absorption of DMSO extract and

Direct absorptivity of hydro W[msemﬂd in Figure 4.23 and 4.24,
respectively.

6.4 D \\ aite Oil
\ sed the color and the UV
absorption specificatio ; oilwas ‘ ‘ o determined other properties

as same as dewaxed oil

The ’C-NMRspeot white oil thus obtained and that of

She“ Rise]la Wh_i "?6;7-2'-:-';.1.'..... [cigt tecipneal Brats white ﬂi] ) are Shﬂwn in
f LY

Figure A19, A20, respect . “é ograms of white oil and

4 ’ 4.|1
Shell Risella White “il.!.j are shown{’n Figure A21. The UV spectrum of

Dm0 extrafe b b b pd B4 GYpRH Gy Fptuion of white oil in

iso-octane, cmﬂaared with Shell Risella Whlte Oil 15 are shown in Figure A22,

w23, epdina| I 71 3 T URNINYAY
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