CHAPTER 4

RESULT AND DISCUSSION

4.1 Dewaxing of Light Dls@‘ ////

This researc d tﬂ prﬂlormated paraffins from light

distillate and convert thes ., ni- ; nth catmg oil. Light distillate
which was obtained / / 11 e i sohd at room temperature
because it contained 4 affities 'f ,\ chai

£ - Y
nececessary to remove i . CRNE

araﬂin wax. Dewaxing was
ceted method for separating
wax was solvent de I ketone was used as solvent

perature and sufficiently low

A

From the sv';""-'ff!‘,‘-'_ | Lethyl ketone oy -‘i d extract up to 56.42 %
by weight of slack ;
crystalline solid and tlac remaining 011 fractlon was a black viscous liquid.
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physical and chemldpal propertles of dewaxed q(.)aﬂ were shown in
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viscosify and viscosity index. The main structure was determined by
BC-NMR and GC-MS. The paraffinic carbon content (%Cp), naphthenic

carbon content (%Cn) and aromatic carbon content (%Ca) were determined by

0 'ﬂ‘ . Slack wax was a white
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BC-NMR.The oxidation point and the percentages of oxidative compounds
were analyzed by the thermogravimetric analyzer. The BC-NMR spectrum,
GC-MS chromatogram and thermogram were shown in figure Al, A2 and A3,

respectively.

Table 4.1 The physical and chemi perties of dewaxed oil.

- | Dewaxed oil

Physical:
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Sulfur content (%owt) L 0'2691.#
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The results from table 4.1 presented that pour point of dewaxed oil -
was reduced to 4 °C, because dissolved wa+ which caused high pour point was

removed from dewaxing process..
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The *C-NMR spectrum in figure A1 showed that in dewaxed oil there
were paraffinic, naphthenic and small amount of aromatic hydrocarbons.
Characterization of dewaxed oil with GC-MS illustrated that main
compositions contained in dewaxed oil were paraffius varying from

Cj7to Cxpand the mass spectrum of nonadecane(C,y) was shown in figure A4.

Although dewaxing process improyed;pour point of dewaxed oil, the oil color

determined and shown in table 4. figure 4.1. The structure was
- ,
charaterized by '

I R r 1
Table 4.2 The effe;.Jt of reaction temperature on Qopertles of chlorinated

wamwﬂm‘wmm

Te t ﬂ ine") dr Viscosity
mwmmgg; | IMINTTN
(50 (Ib/24hrs) (hrs) (%wt) ( poise )
60 23 6 18.17 15.20
80 25 6 20.42 16.10
100 2.5 6 19.81 15.70
120 2.5 6 21.20 16.30
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Figure 4.1 The effecy/6f feagtion tcmperatute on properties of chlorinated

S T ke
products. .

From table: it can be seer that reaction temperature

! o 7 \‘ . . .
had no significantly-effe ;fﬁ viscosity of chlorinated

products. The colot ?f parafﬁh oil after chlorifiation was changed from

colorless to ﬁryﬁ mm .3 250 g, chlorinated
products about 335 g were o ed. Due to the same level of chlorine content
of uwwm mﬁr@ A"fﬂ at various
temperatures. The —~C- pectrum of par: oil" before and after

chlorination were illustrated in figure AS and A6. There were group of C-Cl

peaks at & 58-70 ppm in the spectrum of paraffin oil after chlorination.
Therefore, it indicated that paraffin oil was already chlorinated.
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- On the basis of these results, the temperature at 80 °C was used in all
chlorination process of paraffin oil and dewaxed oil because it was easy and
convenient to maintain the temperature during the reaction. Due to the
limitation of chlorinator used in this study, flow rate of chlorine gas at 2.5

Ib/hrs was the minimum which can be adjusted for chlorination process.

Paraffin oil and de waxed il /weae Eorinated at 80 °C. Flow rate of
chlorine gas was const ‘ ¢ effect of reaction time on
properties of produc ; s by varying' " from 3, 6, 9, 12 and 15 hrs,

respectively. The r oresen able 434 4 and figure 4.2-4.3.

Viscosity

Temperature

(C) ( poise )

80 XTI 10.20
80 EJ] 2 ‘ v ‘1@5 ‘ 15:50
FRNANIULR IR .
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Table 4.4 The effect of reaction time on properties of chlorinated products

from dewaxed oil.

Temperature | Flow rate of Time Chlorine Viscosity
chlorine gas content
(2C) (Ib/24hrs) | : (%wt) (poise)
80 2.5 2N 1474 17.30
80 - ' 23.10
80 24.20
80 25.80
80 25.90
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Figure 4.2 The effect of reaction time on properties of chlorinated products
from paraffin oil.
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Figure 4.3 The efféCt of rgagt ‘ ime o ., jperties of chlorinated products
The observed'da fr * ible 4.3-4.4 and figure 4.2-4.3 indicated that

the effect of reaction ti
oil had direct effect

content was increases ne was i # _ until the time was 12

ies of chlorinated products from paraffin

from dewaxed oil. Chlorine

hrs, chlorine conterit tend ) mﬁt be the level of maximum
absorption of chlorme‘,
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This*/finding supporte°d the theo that viscosity of chlorinated
ey e i o
both chlorinated paraffins from paraffin oil and dewaxed oil was undesirable.
Chlorinated paraffins from dewaxed oil was darker and more viscous than
chlorinated paraffins from paraffin oil. It was suspected that dewaxed oil might
have more varieties of hydrocarbon than paraffin oil. In addition, dewaxed oil
also had sulfur compounds resulting in dark color.
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Because of the color of chlorinated paraffins from dewaxed oil, they
could not be used as secondary plasticizer for PVC or other direct utilizations.
Several attempts had been made to decolorize the chlorinated paraffins
obtained from dewaxed oil, for example, bleaching with fullers earth, clay,

activated charcoal and vacuum distillation, but none of these attempts gave

: - , the iur ies were tried to convert chlorinated
paraffins to semi-synthe ic lu Akl _

of chlorinated -v: tfins-as follow: 1] 5
self-condensation g chlorinat ~ paraffins 11 ﬁ presence of anhydrous
aluminum chloride. commerclal \ able of chlorinated paraffins from

TPC were fifét %;}{sls’a %@}%@W’})ﬁﬁm that gave desirable

properties of %bncatmg oil.

Q ﬁe’] t@ jkyrlltgn% %gllfﬂgegal]n%!gm@s %}lle prepared oils
were distilled under reduced pressure, 68% and 72% of prepared oil were
obtained, respectively. The physical properties of the prepared oils from the
two method were presented in table 4.5. Their structures were confirmed by
BC-NMR which were shown in figure A8-A9.
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Table 4.5 The physical properties of the prepared oil from two methods.

Properties Alkylation with toluene Self-
condensation
1:1 1:2 excess

Color, visual 3 3 2.5-3
Pour point (°C) ' <15 <15
Kinematic
viscosity

@40 C,cSt 14.64

@100 C, cSt 3.21
Viscosity index 2
* Viscosity index can

The resv\.lﬁs fmm” ;7-7,;,  demon: at the color of all the

toyed from dewaxed oil.

Intererstingly, all g‘
prepared oils. from atlon with tol e could not determine the viscosity

e v WA I8 T R ot e

temperature c anged It was hypothesmed that they contauacjl many aromatics

md RARAR ‘ﬁaﬁﬁ%@dﬂ%‘i@%&}%ﬂ d

The prepared oil from self-condensation gave desirable properties,

@ur points. However, the

excellent low pour point and fairly well viscosity index. However, it still had

some unsaturations, as shown in >C-NMR spectrum in figure A9.
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Based on these results, the further studies were carried out to
hydrogenate of all the prepared oils.

The prepared oils from alkylation with toluene were hydrogenated at
vigorous condition because their structures were quite stable. They were

hydrogenated for 6 hrs under pressure 500 psi, 350 °C and 3%

platinum on alumina was e structure were characterized by

BC-NMR, The prepm@
under hydrogen pres : psi 30&platmum on alumina was

-co@ was hydrogenated for 4 hrs

I um operating capability
of the apparatus in this study, no attempt was made to hydrogenate them.

ﬂUEJ’WEJWﬁWEJ’]ﬂ‘ﬁ

Fronilthe theory as meénnoned in chapter 2.0 chlorme atom in the

struct@wal ing ns gﬂ%ﬂd}lﬂ Bﬁfiah%rroduct should

gave anl excellent v1scos1tymdex The results obtained clearly showed that the

reaction couldn’t occur in an expected way. It was believed that chlorinated
paraffins from TPC wasn’t suitable for this process because of its high content
of chlorine. Therefore, and toluene could randomly replace more than one

chlorine atom per chain of chlorinated paraffin.
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The physical properties of oils from self-condensation after
hydrogenation were shown in table 4.6. Its structure was characterized by
3C-NMR, as presented in figure A11.

Table 4.6 The physical properties of oils from self-condensation after

l///

hydrogenation.

The data o@iﬁ )i : red @t hydrogenated oil’s color
was reduced to 1-1.5 yv e the pour p&glt and viscosity index were basically

o s, /3 Al 1 i e

C-Cl in structtire. It may not negessary to ehmmate all C- 1 bond because in
PP Ay v vy —
as addifive. Therefore, the products from self-condensation may be suitable to
use as cutting oils in metal industries. From this method, 65 % of lubricating
oil were obtained.




On the basis of these results, it can be summerized that alkylation of
chlorinated paraffins with toluene couldn’t be achiéved to give an expected
products by using condition and equipments in this study and self-condensation
method was suitable to convert chlorinated paraffins to lubricating oil. Thus,
etlc lubricating oil from dewaxed oil

the further study would prep
by this method. .
4.3.2 Chlorinated pa¥af
Chlorinated il contain ~26 % of chlorine
were used to convert to/Semi ynthe i}_ bric } g oil. They were refluxed with
aluminum chloride /2. d oil at 60 °C for 4 hrs and
hexane are used as solvent orked up as usual.
nished oil obtained from
dewaxed oil and| de 1 fable 4.7. The oxidation
point and the p?eﬂ dat onEomd were analyzed by
Thermogravimetric agal Zer. Changm its structure was charactenzed by

oo ] 6436 S ST 40 G g

thermogram were illustrated in figure A12, A13 and A14, reégecuvely

awwmmmumwmaﬂ

The phy‘sﬁ:al and”
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Table 4.7 The physical and chemical properties of dewaxed oil and

finished oil.
Properties Dewaxed oil Finished oil
Physical:
-Color, visual 2
Pour point (°C
Kinematic
14.45
3.21
T
Chemical
61.15
38.80
0.05
: 0.250
Oxidatior .f.'i nt : o St 282
Oxidative mpound (%wt) ‘ ' 957

Taf1 H Compare VInysmal ;jd:]htljal properues between
M NP VRV A (10
improved from dewaxed o scosity in vg § from 62 to 77.

The sulfur content and the amount of oxidative compound were not
significantly changed. The finished oil obtained was 68 % of dewaxed oil.
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Beside the condensation, other different reactions might take place
during reaction. The lower hydrocarbons were formed from the cracking
reaction. In addition, the original paraffinic hydrocarbon used for chlorination
was reformed by the elimination of hydrogen chloride and simultaneous

i,

hydrogenation.

However, to icating oils, the prepared oil

= percentages of sulfur was

relatively high. Fro asons, the ef ared . oil was still not good for
automobiles, because of ité Jof ty index. The oil may be usable as a
lubricating base oil in industdal er especially as turbine oil and hydraulic
oil where the high Sify i ; ,;.‘; 1 ema - The production of any

types of lubricating of! i
blending of several grades :&:ias s and additives is required in oder to

improve the overall properties. ¥ s'of the additives are depending upon

the application. 'R ain the desirable properties

of finished oil, pﬁl iich as desulfurizztion and

vacuum distillation before chlorination was requlred and recommended for

the ﬁuﬂmﬁdﬂﬁ]’lﬂﬂﬂ‘ﬁﬂﬂ’]ﬂ‘i
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