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Abstract Jojoba oil is of immense importance for
industrial applications. There are a lot of published articles
concerning its various uses in cosmetics, detergents, sur-
factants and lubricants. Therefore, this work was devoted
to exploring its application for further use in the leather
industry as a fat-liquoring agent. The fat-liquoring process
is one important step in leather manufacturing, with the
intention of obtaining leather of full, soft handle, flexibil-
ity, and pliability as well as improving its mechanical
properties. The study involved preparation of jojoba fat-
liquor via a sulfitation process. An improvement of the
sulfitation process based on combined SO; content was
achieved under phase transfer catalysis (PTC). Two dif-
ferently prepared types of phase transfer catalyst of phos-
phonium and ammonium types were investigated, namely,
benzyl tri-phenyl phosphonium chloride (BTPP) and tri-
ethyl benzyl ammonium chloride (TEBA). The fat-liquored
leather led to an improvement in its mechanical properties
such as tensile strength and elongation at break. In addi-
tion, a significant enhancement of the texture of the treated
leather by jojoba fat-liquor as indicated in the scanning
electron microscope (SEM) images was observed.
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Introduction

In the tanning industry, various chemical and mechanical
treatment processes are applied to produce finished leather.
The process of tanning hides to leather has the primary
purpose of preserving the fibre structure from any damage
due to bacterial attack. Chrome-tanned leather in its wet
condition (wet blue) is relatively more flexible than vege-
table tanned leather. As the water is removed during the
drying process, cohesion of the fibres take place resulting
to hard intractable leather which is quite difficult to rehy-
drate [1]. In addition, when chrome tanned leather when
dries out, it becomes bony, hard and thus will be rendered
unsuitable for use in most purposes. Besides, its colour
turns darker and becomes less appealing.

The fat-liquoring process is one important step in leather
manufacturing by introducing a lubricant into the leather.
The fat-liquor keeps the fibres apart during drying and
reduces frictional forces within the fibre weaves thus
allowing the fibres to move laterally over each other. Also,
the incorporation of fatty matter into leather reduces the
damaging effect of air oxidation [2, 3].

In a previous work, the authors studied the sulfation and
sulfonation of fatty materials [4]. Oleum, sulfuric acid, SO;
gas and recently chlorosulfonic acid as well as sodium
bisulfite have been proposed as sulfiting agents [5, 6].

Originally, jojoba oil was used in fried foods and bakery
products, but these uses showed some potential and yet
had some definite limitations [7]. Currently, Jojoba oil is
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commonly used in industrial applications e.g. cosmetics,
detergent, surfactant and lubricants [8—10].

This work was devoted to study the sulfitation of jojoba
oil with sodium bisulfite under phase transfer catalyses
(PTC) in comparison with sulfuric acid as a sulfating agent,
as well as its utilisation in fat-liquoring of leather. Evalu-
ation of the resulting fat-liquored chrome tanned leather
was taken into consideration.

Materials and Methods
Materials

— Representative samples of developed jojoba seeds were
collected from 2009 production in Ismailiya, Egypt.

— Sodium bisulfite and sulfuric acid (98.5%) were pure
chemical grades.

— Benzyl tri-phenyl phosphonium chloride (BTPP) and
tri-ethyl benzyl ammonium chloride (TEBA) were
prepared as described below.

— Local commercial full grain chrome tanned leather was
used for the present investigation and obtained from the
Radio Tannery, Cairo, Egypt.

Methods
Preparation of TEBA

TEBA was prepared by refluxing 5 g (6.9 ml, 49.4 mmol)
of triethylamine and 6.3 g (5.7 ml, 49.8 mmol) of benzyl
chloride in 25 ml of acetonitrile for 1 h. The mixture was
then left to cool to room temperature and diluted with
diethyl ether. After complete precipitation, the product was
separated on a suction filter, and recrystallised with dry
ethyl acetate /ethanol mixture (1:1) to give pure TEBA as
white crystalline and strong hygroscopic solid. The yield
was 95% (m. p., 189 °C).

Preparation of BTPP

BTPP was prepared by refluxing 9.85 g (37.6 mmol) tri-
phenyl phosphine with 4.8 g (38 ml mol) of benzyl chloride
in 20 ml acetonitrile for 1 h. After cooling to room temper-
ature, the product was precipitated by means of diethyl ether/
ethyl acetate through dissolution/precipitation technique.
The yield was 13.39 g (90%) of slightly hygroscopic white
crystals.

Analysis of Jojoba Oil

Oil extraction: the Soxhlet extraction technique was
utilised for extracting the oil from the dried jojoba seeds
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using redistilled n-hexane according to the method
described by American Oil Chemists Society Methods
AOCS [11]

Physical and chemical characteristics: Jojoba oil was
analysed for its physical and chemical characteristics
according to the American Oil Chemists Society Meth-
ods, (AOCS 1998) [11].

Fatty acid composition: Jojoba oil methyl esters were
prepared according to AOCS method [12]. Determina-
tion of jojoba fatty acids composition was performed
using a Hewlett Packard HP 6890 gas chromatograph,
operated under the following conditions: Detector, flame
ionisation (FID); column, capillary, 30.0 m x 530 pm,
1.0 pm thickness, polyethylene glycol phase (INNO
Wax); N, with flow rate, 15 ml/ min with average
velocity 89 cm/s (8.2 psi); H, flow rate, 30 ml/min;
air flow rate, 300 ml/min; split ratio, 8:1, split flow,
120 ml/min; gas saver, 20 ml/min. Detector tempera-
ture, 280 °C; column temperature, 240 °C; injection
temperature, 280 °C. Programmed temperature starting
from 100 °C to reach a maximum of 240 °C was used
for eluting the fatty acid methyl esters. The identification
of the peaks was made as compared with chromatograms
of standard fatty acids methyl esters (Sigma, USA).

FT-IR Analysis The change in functional groups of oils
were studied using FT-IR analysis, it was performed using
a Mattson 5000 FTIR, USA spectrophotometer with a

resolution of 4 cm™!.

Sulfation and Sulfitation Processes

Sulfation and/or sulfitation of the oil (80 g) were carried
out in a three-necked flask fitted with a stirrer, a ther-
mometer and also with an inlet for the addition of the
reagents.

a. Sulfating agent (H,SOy4, 20% of the oil weight) was
added dropwise at intervals with slow stirring while
maintaining the temperature below 30 °C during the
addition. The overall reaction time was 3 h.

b. The sulfated oil was washed by 10% sodium chloride
at ambient temperature and neutralised with ~40%
sodium hydroxide with agitation for 30—40 min.

c. The sulfitation reaction was carried out using 40%
sodium bisulfite (20% of the oil weight) and catalytic
amount of PTC (12 mg of TEBA or BTPP). 80 g of the
oil was weighed into the flask and the flask was dipped
in a water bath, the temperature was adjusted to 50 °C
with continuous stirring for 5 h.

d. The sulfated and sulfited products so obtained were
analysed by standard the ISI method [13] and official
methods [14]; taking into consideration that the degree
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of conversion was estimated mostly on combined SO3
content.

e. The product was prepared at pH 7 to a concentration of
about 60-70% prior to its use as a fat-liquor.

Catalytic Efficiency of PTC

The catalytic efficiency “Ce” was calculated on the basis
of the relation:
C SO3% in presence of catalyst
c =
SO3% without of catalyst

Fat-Liquoring Process

The leather pieces were first washed with water for about
15 min and the water drained off. Then the neutralisation
process was carried out using 1% sodium formate and
running the drum for 15 min at ~10 rpm at 30 °C.
Thereafter, 0.5 % sodium bicarbonate was added and the
drum was run for an additional 10 min at the same speed.
The leather pieces had a greenish blue colour with bromo
cresol green throughout the whole thickness (pH 5.0-5.3).
The neutralised leather pieces were washed with water and
dyed with 5% acid dye for 30 min. Then, 6% fat-emulsion
was added to the dyeing bath at room temperature. After
complete addition of the fat liquor, the drum was run at
~ 10 rpm for 40 min at 30 °C. The leather pieces were
washed with water for about 10 min, removed from the
drum, horsed up over-night, then sammed, set out and left
to air dry by hanging up at room temperature for 2 days.
The dried leather pieces were used for the various physical
properties investigations.

Mechanical Measurements

Dumbbell-shaped specimens 50 mm in length and 4 mm
(neck width) were used for the measurements of
mechanical properties (tensile strength and elongation at
break). The measured data are the average of four trans-
verse and longitudinal measurements for each sample.
These tests were carried out using an Instron Machine
(model 1195) according to Egyptian standard methods,
ES-123 [15]. The cross-head speed was controlled at
50 mm/min and the tests were done at room temperature
(25 °C).

Scanning Electron Microscope

The experimental and control samples were prepared as
circular samples (10 mm) and then subjected to sputter
coating of gold ions to prepare a conducting medium
(sputter coater-Edwards-Model S-150 A, Eng). A Jeol

scanning microscope (Japan) JSM-T20 was used for the
microscopic study.

Visual Properties and Outlooks

In addition to, the chemical analysis and physico-
mechanical characters of the fat-liquored chrome tanned
leather, the leather samples were investigated with respect
to general appearance, colour shade and its evenness as
well as to its handle softness and grain.

Results and Discussion
Characterisation of Oil

Physical and chemical properties of the oil are shown in
Table 1. Local jojoba oil has a relatively high iodine value
(IV) 86.0 mg I,/g oil, saponification value (SV) 92.0 mg
KOH/g oil and ester value (EV =SV — AV) 91.0 mg
KOH/g oil. The other characteristics like the unsaponifi-
able matter, the acid value (AV) and the acetyl number
were relatively low. These data indicated that the oil has a
relatively high ratio of unsaturation centres and ester
groups, while it has a low ratio of free fatty acids (differ-
ence between SV and AV). These results are in agreement
with the previous studies reported by Allawzi et al. [16].

Fatty Acid Composition

The identified various fatty acids can be divided into two
main groups as illustrated in Table 2. As shown in Table 2,
the unsaturated fatty acids content is about 97% of the total
acid content, where eicos-11-enoic is the main constituent
in this group (64.64%). It is also clearly seen that, the
saturated fatty acid content was found to be 2.27% of the
total acid content and the ratio of the saturated to unsatu-
rated acids was found to be (1:43). These results are in a

Table 1 Physical and chemical properties of jojoba oil

Property Value
Specific gravity at 25 °C 0.866
Refractive index at 25 °C 1.4687
Acid value, mg KOH/g oil 0.57
Peroxide value mequiv/Kg 3.99
Ester value, (SV — AV) mg KOH)/g oil 91.08
Iodine value, mg I,/g oil 86.0
Saponification value, mg KOH / g oil 91.65
Unsaponifiable matter (%) 48.95
Acetyl number (mg/g acetyl oil) 2.00
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Table 2 Fatty acids composition of jojoba oil

Fatty acids Percent (%)
Saturated
Palmitic (Cy¢.0) 1.81
Stearic (Cis:0) 0.46
Unsaturated
Oleic (Cys:1) 13.70
Linoleic (Cig.5) 0.38
Linolenic (Cyg.3) 6.24
Eicos-11-enoic (Cyg.;) 64.64
Erucic (Ca2.1) 11.40
Nervonic (Cay4.1) 1.37

good accordance with the previous results reported by
Moustafa [17] and Binman et al. [18].

FT-IR

FT-IR spectra of jojoba oil show stretching and bending
absorption peaks at 3,003 and 721 cm™' which correspond
to olefinic (=CH) group. The spectra also show other
stretching absorption bands at 1,648, 1,739 and 1,172 cm ™!
which correspond to (C=C) bond, C=0 and C-O of ester
group respectively. The bands of CH; and CH, groups
appear at 2,925 and 2,855 cm”! (Fig. la).

Sulfation/Sulfitation Reaction
It should be noted that SOz content of the resulting

constituents is of great significance, so that the degree of
conversion was estimated mostly as SO; content. In spite

of the SO3;% content obtained by H,SO, (13.3%) is
higher than that obtained by NaHSO; (3.2%, without
catalyst), but it has an undesirable odour and colour.
Therefore, the present work aims at improving the sulfi-
tation reaction by using PTC. It is clearly seen from
Fig. 2 that based on the combined SO;% content, the
efficiency of sulfitation reaction can be arranged in the
following descending order: BTPP > TEBA > non-cata-
lysed system.

Sulfitation reaction mechanism is different in its chem-
istry to sulfonation reaction and the sodium salt of sulfonic
acid is produced as opposed to a sulfate ester. The mech-
anism of sulfitation reaction is carried out by first partially
oxidising the system by blowing air or aeration to increase
the reactive centres which easily react with NaHSO;, as
illustrated in Schemes 1, 2.

It can be mentioned from Scheme 2 that, the hydro-
philicity of the sulfited product by NaHSO3/PTC system
increased due to the formation of hydroxyl groups (OH), as
confirmed by FT-IR (Fig. 1b).

Mechanism of PTC

It is obvious from the obtained results shown in Fig. 3 that
the combined SOj; is improved in the presence of PTC than
that in its absence (non-catalysed system).

It is also clear that the catalytic efficiency “Ce” of
BTPP is higher than TEBA, as shown in Table 3.

The main principle of PTC system is the continuous
formation of lipophilic ion pairs (QT/HSO;™) of sulfite
anions derived from NaHSO; with the lipophilic cations
(Q") supplied by the PT-catalyst. These anions (Q*/
HSO;7) are able to enter the organic media (oil) where the
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Fig. 1 FT-IR spectroscopy: a Jojoba oil b sulfited jojoba oil
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Fig. 2 Effect of different

modifying agents on combined
SO03%
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Scheme 1 Sulfation H,SO,4 and
neutralisation of sulfated oil by
NaOH
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sulfitation of unsaturated oil
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Fig. 3 Chemical structure of
BTPP and TEBA phase-transfer
catalysts
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Tri Ethyl Benzyl Ammonium
Chloride (TEBA)

required reaction takes place. Due to the lipophilicity of the
catalyst, the surface tension of the phase-boundary between
the two separated phases [19, 20] are reduced, as shown in
Scheme 3.

It was found that BTPP is more effective than TEBA.
This could be attributed to the superior thermal stability of

Benzyl Tri Phenyl Phosphonium
Chloride (BTPP)

BTPP than TEBA. The markedly higher stability of BTPP
is based on the great stability brought by the extensive
delocalisation of electrons by resonance through three
phenyl rings (12 resonating structures). On the other hand,
the positive charge in TEBA is only localised on the
nitrogen atom (Fig. 3).
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Table 3 Catalytic efficiency of PTC

Catalyst Catalytic efficiency “Ce”

Non-catalysed -
BTPP 2.86
TEBA 2.21

The catalytic efficiency “Ce” was calculated on the basis of the
percentage ratio of SOj3 in presence of catalyst to SO; without the
catalyst

FT-IR of the Sulfited Product

Figure 1b showed characteristic absorption peaks at 1,175
and 1,213 cm™" corresponding to symmetric —SO;H, and
at 1,010 and 1,055 cm™' corresponding to asymmetric
—SOsH vibrations. It can also be seen from Fig. 1b that,
a broad band appeared at 3,447 cm™' which corresponds
to the resulting hydroxyl group.

Strength Properties of Fat-liquored Leather

Fat-liquoring process was carried out on neutralised leather
using about 5% per 100 g leather. Strength properties have
been given the greatest consideration in evaluating
fat-liquored leather because they gives an indication of fibre
lubricity. The mechanical properties were evaluated accord-
ing to the Egyptian standard specification of leather [15].

Scheme 3 Schematic diagram
of the PTC mechanism. Q*, C1~
represents the two types of PTC
(BTPP and TEBA)

sulphated
product

It is clearly seen from Fig. 4 that the tensile strength and
elongation at break of treated leather via jojoba fat liquor
were relatively higher than that of commercial fat-liquor
(TRUPONOL® SF, oxidised sulfited fatty acid ester, pH
6.3) commonly used in Egyptian tanneries.

The enhancement in mechanical properties of treated lea-
ther is due to a good lubrication of fibres. The sulfited portion
of oil during liquoring of chrome tanned leather is chemically
bound to the leather fibres, i.e. interacts with active centres in
the collagen molecules of leather fibres, while the emulsified
portion is mainly located between the fibres.

Scanning Electron Microscopy

SEM looks deeply into hide fibre structure and shows the
effect of fat liquor on fibre and grain surface. SEM of the
cross-section (500x) of leather fibre before and after fat
liquoring showed a significant lubrication of fibre bundles;
Fig. 5a, b. Also, the grain surface (100x) of the fat
liquored leather exhibits a soft grain without any fatty-
spew; Fig. 6a, b.

Visual Properties and Outlook
Leather, especially that used in footwear and leather

clothes is in great demand for its unique properties with
regard to the comfort to the wearer. Footwear designers and

u oi

Fig. 4 Comparison of a tensile
strength and b elongation at
break. I Jojoba fat liquor,

2 commercial fat liquor

M. Pa

Percentage %

stress at rupture, M.Pa
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Fig. 5 SE-Micrograph for fibre o > =
bundles (x500) 3 _gi,

Fig. 6 SE-Micrograph for grain
surface (x100)

Chrome tanned leather.

Table 4 Visual evaluation of fat-liquored chrome tanned leather

Property Observation
Softness Very good
Suppleness Good
Spongy feel Good
Bleaching effect Nil

all leather industries always look first at the appearance of
the leather. So in addition to the analytical data outlined
and discussed above, the fundamental criteria for the
evaluation of a fatty matter and its suitability for leather
fat-liquoring are mainly shown from the visual properties
of the treated leather [6], including its handle, firmness of
grain, shade of colour and its uniformity as shown in
Table 4.

Conclusions

The results from this work demonstrate that:

Phase transfer catalysis enhances the sulfitation process
better than the traditional one in the absence of PTC.

i =4 ¥ ._ j‘.1: . » ;
S e A PR s SR U,
e SR Y SN« AR
Fat-liquored leather.

e

— Phosphonium type PTC has a higher activity than the
ammonium type PTC.

— It is recommended to use NaHSOj; as a good sulfiting
agent in the presence of PTC.

— An improvement in the texture and strength properties
of fat-liquored leather using sulfited jojoba oil has been
achieved.
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