CHAPTER IV

RESULTS AND DISCUSSIONS

In this study, the microcrystalline waxes were prepared from bright stock using

sweating process and oxidation proced goal of this research was to obtain the

appropriate condition for the pze ) oerystalline waxes by varying the
W,

temperature and time for sweating process. hCQOCedure was studied for the

effect of catalyst amount ; * sical properties of the wax
4.1.1 Study on t Himn con for the sweating of wax

.‘.ﬂ of 65, 70, 73, and

73 °C: Each temperaturﬂor sweating 3 aricd fo ,','1 2, 24, 36, and 48 hr. The

final products of this step’ were called “sweated wax”. The results from sweating

process peﬁom%tuﬂgnmaﬂenﬁimmliable 4.1.
RININTUUNININY
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Table 4.1 The effect of temperature and time for sweating process on drop melting

point, oil content, and %yield

Raw materials Average of Drop | Average of Oil Average of

Temperature Time Melting Point Content % Yield
O (hr.) (% by wt) (by wt)
65 12 4.57 100.00

24 - 99.91

36 99.87

48 | 99.63

70 12 97.61

24 94.05

36 92.28

48 89.06

73 91.85
89.24

82.50

48 flen 82.8 291 78.50

s | PIRERNENTIWEANT| s

Y |

| b~ 850 L& 301 & 80.63
ARDMNTUNANINYIR Y.

48 83.8 2.6 58.83

The effect of temperature and time variation on drop melting point, oil content
which was calculated from equation 3.1, and percentage yield of sweated wax are

illustrated in Fig. 4.1, 4.2, and 4.3, respectively.
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Table 4.1 and Figure§ 4 £+4.3 stiaw th emperature was increased, the
drop melting point increased, oil €ontent de , and %yield decreased. Because at

high temperature, the oils an ere ) melted. The remained wax

had drop melting poi jn gher t ) d content in wax was less

than that of the bright st ‘”!

For the specific ﬂ li ch was commercially available was
more than 80 ° Cﬁ H itﬁﬂ ﬁmﬂ ‘ljdrop melting point at
82 °Cw, ﬁ lgf rimental was
T3°C thlcﬁglavemmt oj ?.l ﬂh wa comparable to that

of std.microwax, while the oil content was decreased, and the yield was acceptable.
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4.2 Ocxidation Procedure

Even though, the drop melting point of sweated wax was excepted but the
hardness and tackiness were not as good as std.micro.wax. So, the sweated wax was

improved for hardness and toughness by oxidation procedure.

4.2.1 Study on the op : condid the oxidation of wax

The sweated wa num condition in sweating step was

oxidized at 110 °C. Thiszles /s eatricd \ alyst concentration of 1%,
2%, and 5% (by %owt of sl feachiolsma s ‘ 0, 24, 36, and 48 hr. The
final products of this ste, fe - ; oXidized w \~ The results from oxidation
performed at various % ca 2 \\ ion time are shown in Table
42, =3 '

AuLINenineng
AR TUUMINYAE



Table 4.2 The effect of %catalyst and time for oxidation on drop melting point, acid

Number, penetration, and kinematic viscosity

Sweated wax Average of Drop Average of Average of | Average of

% Catalyst Time melting Poin Penetration v @100°C

(By wt of SW wax) | (hr.) l W @25°C (cSt)
(mm/5s)
1% A0 o, 648 20.56
D1, 1y, 63.3 24.76
L =\\\ 51.8 32.49
k. .“ ‘ 1
o » 47.0 39.85
) -
" 36.3 47.42
he
48 Y .| , 28.8 49.63
2% 3127 Ak 63.3 21.69
31.20
[149.8 38.26
24 | ¢ 800 0367 43.5 46.28
Fhidit) TAE Y FWENRRD | ws
Y
48 780 € 80.9. 8 af 51.99

5% 4 m , N . ) € 64, Ejz3.82
15 783 52.7 58.8 36.89
20 773 66.8 423 44.64
24 763 74.6 343 49.02
36 75.0 82.1 30.5 52.26
48 74.0 85.7 253 53.41
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The effect of reaction time variation of each catalyst concentration on drop
melting point, acid number, which was calculated from equation 3.2, penetration @

25 °C, and kinematic viscosity @ 100 °C of sweated wax are illustrated in Fig. 4.4, 4.5,

4.6, and 4.7, respectively.
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Table 4.2 and Figure 4.4-4.7 show that the acid number increased when the
reaction time rose up from 10-48 hr. This may be because part of the wax was changed
to fatty acids.

At higher catalyst concentration, the acid number increased faster than at the low
catalyst concentration but the drop melting point decreased. It was found that at 5% of

catalyst the acid number higher was a tion time was faster than those at 1% and

2% of catalyst. However, the less than 80 °C. Therefore, the

oxidized wax from the reacti P ¢ alyQpropriate to be applicable.

The acid number, dr . ne viscosity of 1% and 2% of

catalyst were compared i \ on. It was found that, the 2%

of catalyst had reaction tj lyst The hardness of this

oxidized wax was similar t he x1d1zed wax in this reaction

| V i ¥t a\ \
could be used as in commer cfo ralliné wax

e
The optimum conditiol fdr oxidatior aXx was chosen at 2% of catalyst

(cobalt stearate) for 24 hr., ,f, g at 80 °C, acid number of 56.7,

penetration @ 25 °C of* 3.5 ki 05, anid RifCial i VisCOsil) OO °C of 46.28 cSt.

4.3 Investigation of the waxes properties

ﬂUEJ"JVlEJVl?WEJ"]ﬂ‘E

In this stlﬁ the other propertles 8f wax were measured by follow €1|g the ASTM

method, s Ik BN 9 a1 4 V121 6



57

Table 4.3 The testing of waxes follow ASTM method

Testing Method Standard
Drop melting point ASTM D 127
Congealing point ASTM D938

Specific gravity & Density @ 25°C AST

Penetration @ 25°C

Kinematic viscosity @ 100°€
Flash point
Estimate molecular weigh

Characteristic & microscog

4.3.1 Drop meltingpo t

The drop melting points e temperature at which it liquefied

when heated and ~¥'—'=ﬂ-‘ _ir— — peter. For candle making,
microcrystalline wax should have tk p me . ;i than 80 °C.

In this study, the result of dgop melting point of sweated wax and

oxidized wax w@ &ﬂga m&enﬁ w ﬂaﬂgange of commercial
waxes. The ﬁsmeltmg{omt of oxidized wax wass80°C. The ﬁﬁneltmg point of
oxidized ﬂi‘m‘:ﬂjm:];a n EJXIJ ijed into small

fatty acid in the oxidation reaction.
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4.3.2 Congealing Point (ASTM 938)

Congealing Point was the points, which liquid changes to solid. From
Table 4.7, it was found that sweated wax which was deoiled had congealing point
higher than that of the bright stock wax because oils and low melting point substances

were removed from the wax. Howeves, d wax had congealing point lower than

oxidized, so the structure of wax
ﬁer than bright stock wax and

sweated wax. The congeali _ . herefore the wax in this research is

that of sweated wax, this may

was changed to fatty acid

within the acceptable r aling \ 1.it was compared with the

433 Specific Gr Yensity @25°C.(ASTM D 70)

std.micro.wax.

The specific gra ity-and densit °C were calculated according to the
p Sraxiieratiit GEHES g

equation 3.4 and 3.5 an ‘s; HCSC Valuos OF Cachi Lyp ﬂ-‘-"—"v*'v-—'—-; ‘ own in Table 4.4.

Table 4.4 The specific gravity.and density of gagh wax at 25°C

AUBINANINNT

Type of wax Sp Gr @25°C | Density @255 o/
Paraffin wigl I I éloiﬂ § z]u uﬁk I J V] EI’] a E]

Std.micro.wax 0.9100 0.9073
Bright Stock 0.9085 0.9032
Sweated wax 0.9104 0.9076

Oxidized wax 0.9608 0.9580
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The specific gravity and the density of wax in this research were near the
std.micro.wax and were within the acceptable range of specific gravity and density at

25°C of normal microcrystalline wax.

4.3.4 Penetration (ASTM D 1321)

In the case of ’ )ent of the relative hardness or
softness by the needle penetrats . ﬁ 5 seconds. It is reported that

the average value in mm pe ek - ration

In this stu b \ er than sweated wax and the

: \ This may be because they
contained fatty acid. How the worked penetration was similar
to those of the other microc ; andle making. Thus, the oxidized wax in
this research can be uséd g ar.. er to other commercial available

microcrystalline wax.

Vo

435 KinematEVis : T™ m
ﬂxm AN AT s s i

the Automated v1scometers The oxidifed wax, whi€h was, im rovﬂd"for the hardness
and tougkﬂ w;lﬁdq)ﬂ j(mau\m rl,gt %LEJ 9-1

From Table 4.7, it indicated that the kinematic viscosity of oxidized wax
was higher than those of sweated wax and std.micro.wax. Even though, sweated wax
had the kinematic viscosity similar to that of std.micro.wax but sweated wax was brittle,
while Std.micro.wax was sticky. Moreover, it was found that the oxidized wax had

tackiness similar to that of the std.micro.wax.



4.3.6 Flash Point (ASTM D 92)
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In this study, the flash point was measured by using an automated

Cleveland open cup apparatus. The flash point of the oxidized wax was reported at 244

degree Celsius. The results of flash point analysis of oxidized wax, sweated wax and

std.micro.wax are shown in Table 4.7.
It was found that
flash point of sweated w

oxidized wax was changed t

4.3.7 Estimatio

The molecular weight of w

and this values are shown in T,

Table 4.5 The estimatt Molecthai-wetthi-Or-oac=wiaX
Yy

-

-

i

X

ﬁ)zed wax was less than that of the

ay be because structure of

@

Type of wax v@100 °CGr | @ 150 °C v@37.80 °C | v@98.90 °C | Estimate MW
Paraffin wax MEJ ’J nﬁ E%EJF ﬂg 237
Std.micro.wax qu8.38 7.74 ‘_ ._ 111.16% _1_8;1(_” . 172
BS 5 IE.IO i i I j;gu m‘ 2! EJQJZd : 742
Sw.wax 18.32 7.42 136.80 19.25 744
Ox.wax 46.28 18.89 268.30 47.39 1079




61

The estimated molecular weight of bright stock and sweated wax in this research
was in the range of molecular weight of the microcrystalline wax (500-800). [5]
However, the oxidized wax had high molecular weight because it was estimated from

kinematic viscosity, which was higher than std.micro.wax, bright stock and sweating

wax.
4.3.8 Characteristics

The paraffi ght _stock, sweated wax, and

oxidized wax were visua opy. The characteristics of

Type of wax

Microscopy

Paraffin wax Plate-type crystal

S 7} 13 411 g

o
Bright stoc! II I

Sweated wax Light brown Buttery & Brittle Need-type crystal

crystal

Oxidized wax Brown ' Buttery, Hard & Need-type & Fine

Sticky crystal
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The crystal behaviors of waxes were studied microscopically (250x) after the

waxes were cooled down from high temperature at a set rate (Figures 4.8—4.12).

Figure 4.9 Crystal of std.micro.wax



Figure 4.11 Crystal of Sweated wax
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4.6 to 4.10) indicated thé*Crystal types of waxes. These dafa can be expected that the

bright stock andﬁ/%ﬂ%%iﬂ%é; Wtﬁ S?Iaﬂéﬁchain hydrocarbons.

When wax was ox?!llzed it was found gaat the crystal of oxidized wa as needle-plate

vt QA RN HIARABIR B s o

microcrysta?line wax. Thus, this wax was optically similar to the other commercial

microcrystalline wax.
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4.4 A comparison of paraffin wax, std.micro.wax and wax in this work

The important properties of this wax were compared with Paraffin wax and

std.micro.wax as shown in Table 4.7.

Testing Method wax in this work

SW wax | Ox.wax

—Zis
. i///ﬂ\x\\\ =
- 7/ N\
DA

| Congealing Point 77.8 73.9
Specific gravity@25°C 0.9104 0.9608
Density @25°C 0.9076 0.9580
Penetration@25°C 48.5 43.5
Kinematic Viscosity@100°C 18.32 46.28
Flash Point 316 244
Estimate Molecular Wei 744 1079

W fL{ N M
properties ®f these waxes were foun ithin the specxﬁca ion of the general

microcrystalline wax. Although kinematic viscosity of this wax was higher than the
general microcrystalline wax but it had appropriate tackiness for candle making. Thus,
the wax in this work can be used in a similar manner to the commercial microcrystalline

wax.
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