CHAPTER IV

RESULT AND DISCUSSION

4.1 Preparation of cardan

below

The structure characterized | by TR sp cctrometer and NMR spectrometer.
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The results are shown in Figure .
“ of CNSL showed absorption peﬁs at 3390 cm” (O-H
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stretching ). The assignments are concluded in Ta

The infrared spect

The 'H-NMR spectrum of CNSL showed signals at SH 7.0, 7.4, 6.9 and 9.4
ppm, which belonged to protons at e, f, g and i respectively. In addition, the spectrum
also demonstrated signals of methylene protons adjacent to the aromatic at SH 24-2.8,

double bonds in side chain at SH 4.9-5.4 and methyl protons at SH 0.83-0.93 ppm.

The assignments are concluded in Table 4.2.
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The “C-NMR spectrum of CNSL showed signals at SC 159, 118, 132, 121,
135, 116 and 172 ppm, which belonged to carbons at b, ¢, d, e, f, g and h respectively.
In addition, the spectrum also demonstrated signals of methylene and methyl groups at
8C 13-35 and double bonds in the aromatic ring and side chain at SC 126-136 ppm.

The assignments are concluded in Table 4.3.

.,
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Table 4.2 'H-NMR spectroscopic data of CNSL

Position )  (ppm.)
& 7.0
f 7.4
g | 6.9

Position ‘ ¥ ‘ C(ppm.)

b
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CNSL was decarboxylated by heating at 135-140°C for 2-3 hours using TLC
(silica gel) to monitor the progress of reaction and the product was investigated by IR
and NMR spectrometers. The results are shown in Figure A4-A6 (Appendix A). The
TLC revealed two major products; these were cardanol and cardol, whose structures

are depicted below.

CisH31
The infrared spectr carboxylatedyCNSL 0 cd absorption peaks at
= e . "
3390 cm”’ (O-H stretching of phegol), 3006 ¢m *HMsC-H Stretching of aromatic), 2940
. ; e : )
cm’ and 2846 cm’ (C-H stretchirig-ofatiphatie): 1592 cm’ (C=C stretching of

aromatic), 1160 cm’ (C-Q s btion at 1649 cm’

(C=0 stretching of carb Ny‘_' mics s are concluded in

Table 4.4 m -m

The 'H-NMR spectrurfl ofidecarboxylated €NSL Sﬁjvﬁd ignals at O,, 6.7, 7.0,
gr sfit

21t SN EL A T ELT1 2 L

ich

U
the spectrum also demonstrated si%als ofmethﬁng_fi 5 dgljg‘it “the aromatic
at 6H2.5-2§}3ﬂ;lﬁlﬂmﬂn waﬂt. 9,4.9-% m md ﬁlgjotons at

) # 0.8-0.9 ppm. The assignments are concluded in Table 4.5.

ly. In addition,



37

The “"C-NMR spectrum of decarboxylated CNSL show signals at 8, 157, 116,
130, 121, 130 and 116 ppm, which belong to carbons at b, ¢, d, e, f and g respectively. In
addition, the spectrum demonstrate signals of methylene and methyl groups at SC 14-38
ppm and double bonds in the aromatic ring and side chain at 60 126-136 ppm. The
assignments are concluded in Table 4.6. It may be confirmed that anacardic acid was

completely decarboxylated to cardanol.
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Table 4.5 'H-NMR spectroscopic data of decarboxylated CNSL
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Cardanol was isolated from the decarboxylated residue by Tyman’s method

[ref.5] in 80 % w/w from CNSL. The results are shown in Figures A7-A9 (Appendix
A).
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i i _ \\\ of aromatic), 2940cm’"
and 2846 cm’ (C-H stret Fali \\ =C ring stretching of
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at 5 0.8-0.9 ppm. The assigntheats are concludedyin Table 4.8.
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methyl groups at 6 13-36 and double bonds in the aromatic ring and side chain at 5

spectrum also ’f_ ..

8,, 2.5-2.7 ppm, olefinic [ﬁtons

127-137 ppm. The assignments are concluded in Table 4.9. It confirmed that the

decarboxylated CNSL was purified to cardanol.
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Table 4.7 Infrared spectroscopic data of purified cardanol

Wave number, cm’ Functional groups
3390 O-H stretching of phenol (PhOH)
3006 =C-H stretching of aromatic (Ph-H)
2940 and 2846 C-H stretching of aliphatic(-CH,-, -CH,)

1592 ) \“ f l’i’ o of aromatic
1451 and 1348

1263 and1160

kg
tosommas90 AN m\\x

908 £ | / ”‘ﬁ’_‘ \& ¢ (R-CH=CH,)

868 and 779 l’!ﬁm } \\\l\ substituted benzene

Table 4.8 'H-NMR spectroscopic
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Table 4.9 "C-NMR spectroscopic data of purified cardanol

Position | 8C (ppm.)
b 157
c 116
d 130
e 121
f 130
g 116
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4.2 Sulfonation of cardanol

Cardanol was sulfonated by [Exp.3.4.2]. The sulfonation gave cardanol
sulfonate in 86 % by mole. The results are shown in Figures A10-A12 (Appendix A).

The structure of cardanol sulfonate are shown below.

OH, OH

g
f
CisHspm
The infrared spectrum o ied absorption peaks at 3465
em’ (O-H stretching of pheno ‘f- § “(C-H stretching of aliphatic),
: |

1635 cm”' (C=C ring stretching of aron

=

' (SO, stretching) and 1056

=
e

cm’' (S=O stretching). Thevss e conclude: 4.1C
The 'H-NMR spekift igitls at O, 6.7, 7.1

and 6.8 ppm, which belonﬂi to protons at ¢, f and g respeely. In addition, the
spectrum also demonstrat dgﬁ ‘ ni‘ | jacent to.the aromatic at
8H 2.3-2.8 ppm, oajjo oﬁnﬂ%a ;ﬁ\ﬂdﬂn ithyl protons at
d,, 0.7-0.8 ppn bé]a i Wﬂsf nel %kfaﬂ ﬂ,-] y
Thei'ﬁm s@ftrum of carglélﬂfonate showed signals agcﬂl 116,

130, 121, 130 and 116 ppm, which belonged to carbons at b, ¢, d, e, f and g
respectively. In addition, the spectrum also demonstrated signals of methylene and
methyl groups at 8C 22-36 ppm and double bonds in the aromatic ring and side chain

at 8C 127-137 ppm. The assignments are concluded in Table 4.12. It confirmed that

cardanol was sulfonated to cardanol sulfonate.



Table 4.10 Infrared spectroscopic data of cardanol sulfonate
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Table 4.12 The “C-NMR spectroscopic data of cardanol sulfonate

Position Sc(ppm-)
b 157
c 116
d 130
€ 121
f 130
g 116
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4.3 Physical Properties of cardanol sulfonate compared with dodecylbenzene

sulfonate

4.3.1 Determination of stability in hard water
Solubility in hard water of dodecylbenzene sulfonate, cardanol sulfonate

were determined by an ISO method. The results are shown in Table 4.13.

From Table 4.13, it was hown by | re of solubility in hard water of
dodecylbenzene sulfonate and.cal _ Oﬁresults demonstrated that the

———

solubility of these salts wexg ne sulfonate.
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Table 4.13 Solubility in hard water

Materials Dodecylbenzene Score Cardanol sulfonate Score
sulfonate
5 ml of
300mg of Ca” Clear Clear 5
450mg of Ca” Clear Clear 5
600mg of Ca” Opalescent 4
2.5 ml of
300 mg of Ca’ ‘Opalescent 4
450 mg of Ca” Opalescent 4
600 mg of Ca’ Jpalescent &
1.2 ml of ‘
300 mg of Ca” \ Opalescent 4
450 mg of Ca” Opalescent 4
600 mg of Ca” Opalescent 4
0.6 ml of ? 7
300 mg of Ca” alescent 4
450 mg of Ca” Opalescent 4
600 mg of Ca™ (| A H ’pﬂe@ent 4

AMIANTUNMINY Y
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4.3.2 Determination of surface tension
Surface tension of dodecylbenzene sulfonate and cardanol

sulfonate were determined by ISO method. The results are shown in Figures 4.1-4.2.

(Table B.1-B2, Appendix B).

Surface tensions of ecylbenzene sulfonate and cardanol
sulfonate were reduced as the concentrat S p of surfactant increased until
the minimum surface tension waswreached and wh@ue remained unchanged.

Dodecylbenzene sulfonate ge C 'rz 1 surface (28 mN/m.) at —0.361

(15% w/v) and cardanol s ' sion (32.25 mN/m.) at

—-0.304 (20% w/v). From ¢ tension reduction of

cardanol sulfonate was not's benzene sulfonate and

was acceptable to use in com: anionic surfactants.
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surface tension (mN/m)
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28

26

24

Surface Tension of dodecylbenzene sulfonate

28

9 0634 037,20

AN

61 -0.236 -0.139 -0.06

1zene sulfonate.

Surface Tension (mN/m)

-1.921 -1.602 -1.301 -1.004 -0.827 -0.701 -0.605 -0.429 -0.304 -0.207 -0.128

logC

Figure 4.2 Surface Tension of cardanol sulfonate.
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4.3.3 Determination of C.M.C.

C.M.C. of dodecylbenzene sulfonate and cardanol sulfonate were
determined by an ISO method. Surface tension of detergent — log C plot illustrating the
surface tension reduction. The result showed that surface tension of a solution of cardanol
sulfonate decreased steadily as the concentration of cardanol sulfonate is increased until

the concentration reaches a value known e critical micelle concentration (C.M.C.),

@j”& changed. The surface tension of
is Qereéclose to the minimum surface

2. values of dodecylbenzene

above which the surface tension

cardanol sulfonate at this con

tension. From the surface

sulfonate and cardanol s . , g f e 0.435 and 0.372 mol/l, respectively.

These results indicates

cardanol sulfonate may bedise ace of d¢ i ylbenzene sulfonate properly.

Surface Tension (mN/m)

-5 -18 -16 -14 12 -1 08 -06 0.2 0
log C
B Cardanol sulfonate ’ Dodecylbenzene sulfonate

Figure 4.3 Surface Tension of Detergents.



50

4.3.4 Determination of % detergency
Detergency of dodecylbenzene sulfonate and cardanol sulfonate
were determined by an ICS method. The results are shown in Table B.3.
Reflectance of dodecylbenzene sulfonate and cardanol sulfonate
were found to be 78.1% and 73.2%, respectively. Using the dodecylbenzene sulfonate as

reference, % Detergency of cardanol sulfona

e was calculated to be 93.7%. These results

detergency when compared=with re! Sjetherefore, cardanol sulfonate is

X
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