CHAPTER IV

RESULTS AND DISSCUSION

The hydrogenation of methyl ester of castor oil is obviously a complicated

reaction. It involves not only several simultanegus and consecutive chemical steps but

also physical transfer steps of reaeti the catalyst surface. This

N
experiment involved the hydp ‘ e which was prepared by

f concentrated sulfuric

perature and pressure

The goal of this reses s fo i ot e the continuous hydrogenation of

methyl ricinoleate in the presence i : ists. The temperature and pressure
et 7/

were optimized in order to achieve thé‘@re L pi
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e
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4.1 Properties of pr
The catalysts were prepéred by unpregnatlon of nickel on alumina support,

which had a pore % %J ﬁa % %J%w gr'e'] ﬂrﬁenzed by X-ray

fluorescence analysis. It showed that the pfepared catalyst on alumina sapport had
amount of mﬂ un’l@ gcazm;fl mgmgnmfsﬂl;l@l EJ metal as
shown in Figures B1-B3. The amounts of metal composition after metal impregnation

are presented in Table 4.1.



Table 4.1 Analytical results of the prepared nickel catalysts
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Concentration of catalyst

(% by weight of nickel/weight of alumina)

Amount of nickel

(Yo wt)

10

15

20

4.2 Hydrogenation proces
The aim of this study

for hydrogenation of methy A
ey

A
=

ricinoleate is shown in Table 4.2, Fi

Table 4.2 Compositions oFer

g

from transesterification of ¢astor oil.
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Methyl'stearate

-
L] \ ‘
Methyl oleate

Methyl linoleate

Methyl ricinoleate

and the effective catalyst

ation of original methyl

x4 ; -
cinoleate, which obtained

J

i

Amount (%)
s

3.10
3.50

92.50
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4.3 Selection of the optimum operating conditions
The 10 %, 15% and 20% of Ni catalyst were used to determine the optimum
operating conditions by varying the reaction temperature and hydrogen/nitrogen

pressure.

4.3.1 Effect of the reaction temperature

i\
The effect of tempera; L&}nation has been studied. The
observation is made on the natif sub rat@rogenated and the types of
catalyst being used. 7 '

function of the time lapse

‘:’ tion. The reaction

temperatures were vari J/ 2 0 Lo , respectively. The

operating condition was camed out by hydrogen/nitrogen prjﬂure at 20 psig.
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Table 4.3 Analytical results from the hydrogenation of methyl ricinoleate using 10%

nickel catalyst at various temperatures and 20 psig hydrogen/nitrogen pressure.

Reaction temperature (°C)

Composition
180 200
Methyl stearate 17.38 29.18
Methyl linoleate - -
Methyl ricinoleate - .
Methyl 12-ketostearate 6.43 1535
Methyl 12-hydroxystearate 6.19 55.47

temperature from 90 °C to

From Table 4.3, it showed thz?,.xg? j_1§
)48 -

e d increased methyl 12-

vf._:.‘.._‘,.2“‘,___:.;_:7_.._‘ _______ -— v ';_J
\ Thi]}nethyl ricinoleate was

120 °C decreased methy

hydroxystearate from 82.07% to 89.

completely hydrogenated at I@ﬁc Wthh incr fﬁlﬁj ﬁaﬁe from 6.14% to
10.10%. Thus, me@lu ﬂlea w1th subsequent

PR R TH ﬁ‘ﬂﬁ‘ﬂﬂgﬂi YA i s mor

pronounced and the yield of methyl 12-hydroxystearate was significantly decreased

when the temperature was above 180 °C.
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Figure 4.1 The percentage of

ent from hydrogenation of methyl
ricinoleate using 10% nickel catal ﬁ?wa Jf of hydrogen/nitrogen pressure at

different temperatures. So——————

From this result, it was ol:‘served that methyl linoleate an@ methyl ricinoleate were

completely hydrog tu &b@%ﬁbm%ﬁ}q ﬂre tion temperatures

higher than 150°8‘| the methyl stearate was inereased rapidlysdue to the
dehydroxyl‘%oﬂgiamgm mgta IlEJnr] a El

The dehydroxylation or dehydration reaction of methyl ricinoleate gives dien
products. Methyl ricinoleate is dehydrated by eliminating the hydroxyl group with
adjacent hydrogen to form water molecule. The products are unsaturated methyl esters
with two double bonds of the 9-11 and 9-12 linoleate types. Finally, the dien products

are hydrogenated to methyl stearate by the following equation.
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-H,0
R-CH-CH; CH=CH—(CH,);COOR » R-CH=CH-CH=CH-(CH,);7COOR
(l)H dehydroxylation
ricinoleate linoleate
hydrogenation +H,
Y
—CH,~-CH,-CH,;-(CH,)~ COOR
stearate
The methyl 12-keto hen the reaction was increased
to 150 °C and higher by deh ‘here were two steps in the

-

1 of methyl ricinoleate to

hydrogenation process. 1heé i

methyl 12- hydroxystearatﬂme hydrogen coming from the&talyst followed by the

L ﬂ%"ﬁfmw i
_ammnimwnwmaﬂ

heat I
R'—(lI—CH2— CH,-CH,-(CH,),-COOR ——— > R*-C-CH,—CH; CH,~(CH,);~COOR
catalyst

hydroxystearate ketostearate
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It could be concluded that the optimum reaction temperature for 10% nickel
catalyst should be 120 °C because it gave the highest amount of methyl 12-
hydroxystearate. Although, the athount of methyl 12-hydroxystearate at 150 °C was

higher but it consumed more energy.

4.3.1.2 Effect of reaction temperature on hydrogenation process using

15% nickel cat

This section of expe nﬂﬂr the same condition as that
‘ —
using 10% nickel catalyst bu ; as increased to 15%. The

results of experiment at differ g . were sho in Table 4.4. The

position of hydrogenated methyl

\
\

chromatograms in Figures

ricinoleate. A
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Table 4.4 Analytical results from the hy: ro of methyl ricinoleate using 15%

nickel catalyst at various:S 1peratures and 20 | ifrogen pressure.

i
Composition J

AUt InpRine e =

¢
v AT TN 8TQ 7
Methyl linol€ate . . s [ = ,
Methyl ricinoleate 4.82 - - - -
Methyl 12-ketostearate - - 4.88 12.56 20.11
Methyl 12-hydroxystearate | 87.45 92.04 82.69 67.15 45.62
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The result from Table 4.4 indicated that the methyl linoleate and methyl oleate
were completely hydrogenated at 90 °C reaction temperature. At 120 °C, methyl 12-
hydroxystearate was increased to 92.04%. The amount of methyl stearate and methyl

12-ketostearate was increased rapidly to 34.27% and 20.11%, respectively.
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ricinoleate using 15% nickel catalyst under 20 psig of hydrogen/nitrogen pressure at

different temperatures.
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The result from Figure 4.2 revealed that the methyl ricinoleate was
cvompletely hydrogenated at 120 °C using 15% nickel catalyst, and at 90 °C reaction
temperature an amount of ﬁethyl ricinoleate was less than those using 10% nickel
catalyst. Thus, it indicated that 15% nickel catalyst gave higher rate of hydrogenation
than those using 10% nickel catalyst. On the other hand, 15% nickel catalyst gave

more amount of methyl 12-ketostearate methyl stearate when the reaction

temperature was above 120 °

‘ ld be concluded that 15%

catalyst in methyl 12-
NV

4.3.1.3 Effect of reaction temperature on hyd
Tz A\
20% nickel cat lystprai =i

' By et : :
The results in this section of éxperimes °’re derived from the performance

From Tables 4.3, 4
nickel catalyst had better e

hydroxystearate production

genation process using

under the same conditio “* € atalyst. The data was

|

9
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shown in Table 4.5 and [ V
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Table 4.5 Analytical results from the hydrogenation of methyl ricinoleate using 20%

nickel catalyst at various temperatures and 20 psig hydrogen/nitrogen pressure.

Reaction temperature (°C)
Composition
90 120 150 180 200
Methyl stearate 7.81 13.42 24.25 35.68
Methyl linoleate - -
Methyl ricinoleate -
Methyl 12-ketostearate 30.06
Methyl 12-hydroxystearate 34.26
The result from Table 4.5 indicz (ed that me inoleate and methyl oleate were
completely hydrogenated at the sam ‘ 6 mj ure as those using 15% nickel

‘ .75% at 90 °C and
completely hydrogenated 512 e yield of methyl 12-

hydroxystearate was 91.33% While methyl 12-kétostearate w: ﬁ i Similar to that

using 15% nickel %Elqnny le\w ﬂr:l
R SR NN Y

1dly to 13.42%,
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Figure 4.3 The percentage o om hydrogenation of methyl

-

ricinoleate using 20% nickel" pgen/nitrogen pressure at

3
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The result frondFigure 4.3 indicated that at 90 °C reaction temperature the

amount of ﬁ}dﬁ tﬁ}m ﬂ!‘}ﬁﬁ tﬂ 'ﬁus@] 1{?}%5&* rﬁ}lﬁi&}lyst, s0 it

indicated that:lhe rate of hydrogenation reaction was increased. The methyl ricinoleate

different temperatures. m

was completely hydrogenated at 120 °C, but the methyl 12-ketostearate was occurred
and increased rapidly when the reaction temperature was increased.

From Tables 4.3, 4.4, 4.5 and Figures 4.1, 4.2, 4.3, they were shown that 20%
nickel catalyst had better efficiency than 10% and 15% nickel catalyst in methyl 12-

hydroxystearate production, but it also gave higher amount of methyl 12-ketostearate.
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4.3.2 Effect of the hydrogen pressure
The second parameter in the hydrogenation process was
hydrogen/nitrogen pressure, which was varied at 20, 40 and 60 psig. The catalyst used
was 15% nickel catalyst. The conditions were carried out with two different reaction

temperatures : 90 and 200 °C.

study the effect of hydr( i te of hydrogenation, which

determined the amount of eate. e shown in Table 4.6,

-m---m-m---':— hgen pressures
20 40 60
‘ ¢ o / ‘
Methyl steara'ciml ['] B J i Iﬂ—m W J '] n;j 7.69
. ‘ oy LY )
CEIRIANNIPANRTVINEIQR
Methyl ricinoleate 4.82 2.65 1.94

Methyl 12-ketostearate - - &

Methyl 12-hydroxystearate 87.45 89.69 90.57
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From Table 4.6, it was observed that when hydrogen/nitrogen pressures
was increased to 40 and 60 psig the amount of methyl 12-hydroxystearate increased to
86.69% and 90.57% while the methyl ricinoleate decreased to 2.65% and 1.94%,

respectively.
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ricinoleate us?rxg 15% nickel catalyst at 90 °C reaction temperature on various

hydrogen/nitrogen pressures.

In Figure 4.4, it indicated that the methyl 12-hydroxystearate was increased
with increasing of hydrogen/nitrogen pressure, so it could be indicated that the rate of

hydrogenation also increased when the hydrogen pressure was increased.
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4.3.2.2 Effect of hydrogen pressure at 200 °C reaction temperature
In order to study the effect of hydrogen pressure with the rate of
dehydroxylation and dehydrogenation reaction that determined the amount of methyl
stearate and methyl 12-ketostearate the reaction was performed at 200 °C. The results

are shown in Table 4.7, Figures 4.5 and D18.

Table 4.7 Analytical results from the hydrogenafion of methyl ricinoleate using 15%

nickel catalyst at 200 °C on va

nitrogen pressures
Composition %“\

/ gm\ N "

.ﬂul e
Methyl stearate e 20.29
Methyl linoleate E - -
i
Methyl ricinoleate AT\ I -
Methyl 12-ketostearate )| 16.44
Vi : '

Methyl 12-hydroxyste 63.27

ﬂuaqwamswaqnﬁ
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was increased from 20 to 40 and 60 psig, the amount of methyl 12-hydroxystearate
increased from 45.62% to 50.85% and 63.27% while the methyl stearate and methyl
12-ketostearate decreased from 34.27% to 30.62% and 20.29%, and from 20.11% to

18.53% and 16.44%, respectively.
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Figure 4.5 The percen age ¢ ydrogenation of methyl
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From Flgaile 4.4, the result showed that the methyl 12-hydroxystearate was

ereased Wi e e bos sk Sl b ) e an

methyl 12-ketostearate were decreased, due to the rate of dehydroxylation and

eMperature on various

dehydrogenation reaction decreased with increasing the hydrogen pressure.
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4.3.3 Effect of catalyst concentration
The effect of catalyst concentrations on hydrogenation of methyl
ricinoleaté was studied using three concentrations of catalysts under the same
preparation condition. The impregnated nickel catalysts contained 10% Ni, 15% Ni
and 20% Ni oh alumina support were used.

Three concentrations of catalysts were employed in this section of

experiment under the same condi /reaction temperature at 120 °C

and 20 psig hydrogen/nitroi . ure Th@are shown in Table 4.8,

Figure 4.6.
Table 4.8 Analytical res e hiydroge : fion. of methyl ricinoleate using
% (= \
various catalyst concentrati 20.&',':; ction femperature and under 20 psig
Z @\
hydrogen/nitrogen pressure. Pl |
et
atalyst concentrati(;ns
. V \ rrweight of alumina)
gy AnanIwdngy |
T Wikt O %q mro
Methyl stearatel'i"I ¢ 7.70 796 o 8.24
s
B AN TUUNINENNY
Methyl ricinoleate 2,57 - -
Methyl 12-ketostearate - - | 0.43
Methyl 12-hydroxystearate 89.73 92.04 91.33
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Figure 4.6 The percentage of methyl ester content using different concentrations of

catalyst at 120 °C reaction temperature under 20 psig hydrogen/nitrogen pressure.
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From the comparative results for the hydrogenation of methyl ricinoleate
using different concentrations of nickel patalysts, it indicated that the 15% nickel
catalyst gave better performance than the 10% nickel catalyst in the production of
methyl 12-hydroxystearate. Although, 20 % nickel catalyst provided higher rate of

hydrogenation but the amount of methyl 12-hydroxystearate was lower than that of

dehydrogenation reaction.

4.3.4 Reproducibi

The reproducibili of methyl ricinoleate

using 15% nickel cataly tures under 20 psig
hydrogen/nitrogen pressure in Table 4.9 and Figure

4.7.

Table 4.9 Analytical reﬂlt__ othyl ricinoleate in the

reproducibility test of 15 cataly : n.temperatures under 20

l
psig hydrogen/nitrogen pre'lu A

A A M T e
ARANIN TN ATTTIErTEY

90 120 150 180 200

® 87.45 92.04 82.69 67.15 45.62

‘iae 86.08 91.89 83.29 67.54 45.89
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Figure 4.7 The percentage of met @M tearate from hydrogenation of

methyl ricinoleate by reéproducit =¢ /s nickel cata 'st at various reaction
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methyl 12-hydroxystearate.
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4.3.5 Activity of regenerated catalyst
In order to study the activity of regenerated catalyst, this section of
experimeﬁt was carried out twice with 15% nickel catalyst under the same condition
at 120 °C reaction temperature and under 20 psig hydrogen/nitrogen pressure. The

results are shown in Table 4.10 and Figure 4.8.

pressure.

droxystearate

erature (°C)
No. of regeneration

180 | 200
lst v —:“:';—_,‘-__—“—:"_‘,'-__I"_" - 67.15 45~62
ond 69.54 45.69
3rd ﬂ 69.22 4547

PRIAATUAMINYAE



53

100-

% Methyl
12-hydroxystearate

C 77N

200

Figure 4.8 The percent:ﬁh' araté from hydrogenation of

methyl ricinoleate using regenerated 15% mickel catalyst at various reaction
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4.4 Analysis of hydrogenated product
The hydrogenated methyl ricinoleate that obtained from optimum condition,
which various reaction temperatures under 20 psig hydrogen/nitrogen pressure and
using 15% nickel catalyst, was analyzed for iodine value and melting point. The result

is shown in Table 4.11.

Melting point ( °C)

Methyl ricinoleate ]
Hydrogenated productary, < | le
_ 90°C '_' f‘ 42.0
| 1
. 120°C . L18 49.0
e FUETNENGNYINT »s

- 180°C ¢ 119 A 050.5

=R TRSNTUNEINYA,
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4.5 Determination of spectroscopic properties
The PC-NMR, GC and GC-MS were used to identify the products obtained
from hydrogenation reaction of methyl ricinoleate.
4.5.1 "C-NMR spectrum
Bruker ACF 200 nuclear magnetic resonance spectrometer was used to

e and hydrogenated methyl ester, which

%are shown in Figures E1-E7 in
é
_

characterize the castor oil, methyl ricinol

obtained from the reaction. The °

ester appeared at 51.24 and |

Appendix E.

The "“C-NMR , dtof . sh _wn in Figure El, which
indicated the signal of trigl -\ 61.97 and 68.80 ppm
the signal of parafinic car 36.69 ppm, the signal of
olefinic carbons (C=C) at to 132.4 bonyl carbons (C=0)
appeared at 172.65 t0173.05 he onal 1 (-OH) at 71.26 ppm

The C-NMR spectrum sster shown in Figure E2 demonstrated
that the important signa il edter (O yl (C=0) of methyl

g‘: 1

The C-NMR sﬂctra of hydrogenated methyl es@rs are shown in Figures

E3-E7 which 1nd1cﬁiw ﬁéﬁsfﬁ ﬂ}!ﬂ@%m ﬂ: when the rate of

hydrogenation was in eased

’QW'WMT]?EUNW]’JWEHQEI
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4.5.2 GC-MS technique
The composition and amount of methyl ester at various conditions were
determined by GC-MS, which performed by using DBwax capillary column and the
GC-MS chromatograms are shown in Figures C1-C20 and mass spectra are shown in

Figures C1-C6. The retention times of each methyl ester are shown in Table 4.12.

Table 4.12 The retention time of each|

il

ention time (min)

—
N\

PO\
| 1.45

Methyl stearate

Methyl oleate 11.77
Methyl linoleate 12.31
Methyl ricinoleate 13.06
Methyl 12-ke';ostearate 13:11

Methyl 12-hydroxystearat e/ --‘H.J; 8

i
- P
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