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Abstract

Jojoba seeds are processed to produce an oil of use in many industries. The cake left after oil extraction contains obnoxious
substances which make it hazardous to use as animal fodder. In the present work, thermal analysis was used to identify the
kinetics of biochar formation from the de-oiled residue. TG —DTG curves showed that decomposition takes place in two
major steps corresponding to the devolatilization of hemicellulose, cellulose, and lignin. The residual material left consists of
biochar which undergoes cracking up to about 500°C. The final ash constitutes about 17.2% of the dry material. Three iso-
conversional methods were used in that work to investigate the decomposition kinetics, namely the FWO, KSA and Friedman
techniques. Results proved that while the first decomposition step followed first order kinetics with average activation energy
values ranging from 86.19 to 90.11 kJ.mol”', the second step was controlled by reaction at interface with activation energies

ranging from 93.26 to 99.37 kJ.mol™', depending on the kinetic model used.
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1. Introduction

Jojoba (Simmondsia chinensis) is an industrial
crop plant, cultivated for its seed, from which a
highly valuable oil is obtained[1]. Jojoba oil is used
in diverse applications such as cosmetic,
pharmaceutical, lubricant, heating insulator, foam
control agent, high-pressure lubricant, heating oil,
plasticizer, fire retardant, transformer oils and many
more[2,3].Jojoba oil is normally extracted from its
seeds through mechanical pressing, the de-oiled cake
usually containing from 3 to 8% of oil that cannot be
extracted mechanically[3]The main oily product of
jojoba is a liquid wax composed mainly of straight
chain monoesters in the range of C40-C44 [4]while
the remaining meal is rich in protein [2,5]. The
protein content in the meal varies between 26 and
33% making it attractive as a livestock feed.
Unfortunately, about 15% of this meal is constituted
of a group of toxic glycosides making it hazardous to
use as animal fodder[5,6,7].The presence of
antinutritional factors in jojoba cake [8], such as
simmondsin, simmondsin-2-ferulate, phenol, and
phytic acid decrease food intake, body weight, affect

biochemical parameters, and deteriorate animal
fertility [2,8,9].

The preparation and characterization of biochar
from jojoba feedstock has been researched by Zhang
et al [10]who determined the proximate analysis,
basic chemical elements content, BET surface area
and FTIR of the feedstock. They also showed using
thermal analysis that the formation of biochar was
completed at 600°C after devolatilization of
hemicellulose, cellulose and lignin at lower
temperatures. The slight weight loss observed up to
800°C was speculated to be due to the formation of
highly aromatic microstructures above 600°C,
following the findings of Cui et al[11]. However,
these authors did not discuss the kinetics of formation
of biochar, or the associated steps observed during
pyrolysis.

Although no detailed kinetics was reported for the
pyrolysis of jojoba seeds or de-oiled cake, there has
been some research connected with most vegetable
waste. The activation energy of the different steps of
pyrolysis and occasionally the mechanism of these
reaction have been disclosed in studying the kinetics
of pyrolysis of orange peels [12], banana peels [13],
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corncobs [14], bagasse and wheat straw [15] and
similar species. However, no results have been
reported so far for the kinetics of pyrolysis of jojoba
seeds or de-oiled cake although kinetic studies have
been carried out for a similar non-edible plant like
jatropha. A detailed study for the pyrolysis of
jatropha seeds was carried out by Tsekos et al [16]
and Saiid et al [17] while the kinetics of pyrolysis of
jatropha de-oiled cake was researched by Sharma et
al [18].

In the present work, it was proposed to use de-
oiled jojoba seeds cake (DOJC) in the preparation of
biochar through a pyrolysis process. The necessary
conditions to obtain that char are determined by
investigating the kinetics of its formation. This is
actually the main purpose of the present work which
also aims at disclosing the kinetic mechanism
associated with biochar formation and the activation
energy required for that process.

2. Experimental Techniques

In the present work, de-oiled jojoba cake (DOJC) -
used as biomass - was collected from Cleopatra
Company for natural oil production, El-Fayoum,
Egypt, in a form of solid pellets. DOJC was oven
dried overnight at 105°C, then hand ground to pass
100 mesh sieves (150um). The dried powder was
then identified by FTIR using Classl Laser Product
IEC/EN 60825-1/A2:2001 Avatar Series (USA).

2.1. Calorific value

The calorific value is the heat produced by the
complete combustion of a specified quantity of the
material (Here, 1784 mg of DOIJC). This was
determined using a Parr 6200 bomb calorimeter.

2.2. Thermal analysis:

20 mg of the powder was then heated in a thermal
analyzer (Universal V4.5A TA Instruments) in
nitrogen flow at 50 mL.min-1 to produce TGA and
DTG traces at four different heating rates: 5, 10, 15
and 20°C.min-1. After assessing the temperature at
which biochar is formed, 10 g of collected DOJC
were heated in a muffle furnace in which nitrogen
was flown at 10°C.min-1 to that temperature. After
the mass was left to cool, its chemical constitution
was determined by EDX analysis using EDX-LE
Shimadzu analyzer. This step was repeated at a
higher temperature to assess the change in char
composition following cracking.

2.3. Determination of the percent of lignocellulosic
components
The determination of the percent lignocellulosic
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components (Hemicellulose — cellulose and lignin) in
DOJC was carried out following the methods
described by Jin et al [19] which relied on the early
work of Van Soest et al [20] and Collings et al [21].

¢ Determination of Cellulose

The cellulose percent was determined by
dissolving the powder in sodium sulfite then sodium
chlorite to remove hemicellulose and lignin. The
remaining residue is fired to 6000C and the percent
loss in weight on firing represents the percent
cellulose in the sample.

e Determination of Hemicellulose:

The hemicellulose present was determined by
heating to 800C in acetic acid and sodium chlorite.
The suspension is then removed to another beaker
where sodium hydroxide is added at 800C to
complete the dissolution of cellulose. After filtration,
the cake is dried, weighed and fired at 6000C. The
percent loss in weight on firing represents the percent
hemicellulose.

* Determination of Lignin:

The lignin percent was determined by dispersing
the powder in ammonium oxalate, boiling and
filtering. The solid cake was suspended in 1% acetic
acid at 70°C and sodium chlorite and acetic acid were
added to oxidize lignin. The suspension was then
filtered and dried at 60°C for 4h. The difference in
weight represents the lignin percent.

3. Kinetic calculations

Three different methods were used to disclose the
kinetics of pyrolysis using the TGA traces obtained at
the different heating rates. In general, these methods
rely on determining the conversion (a) following any
weight loss using the expression:

m—mf

a= it (1)

Where, m : is the mass remaining in general after

any time during weight loss.

m, : is the initial mass.

m; : is the final mass at the termination of
the weight loss step.

The general kinetic equation upon which all
different calculation techniques are based takes the
following form where the rate of reaction is
represented by (do/dt):
da _E
98— Ae7wT.f(a) (2)

Where,E: is the activation energy J .mol ™, required
to be determined.

R : is the general gas constant = 8.314 Jmol K.
A : is the pre-exponential factor.
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This equation can be integrated after separating
variables to give:
da _ ga) = fAe_%.dt (3)
f(a)

Under isothermal conditions, it takes the final
form:

gla) = k.t = Ae Rr.t (4)

Table 1
Different forms of the kinetic functions f(a), g(a)[20]

The functionsf(a) and g(a¢) depend on the
mechanism involved in the reaction. A compilation of
the most probable mechanisms has been reported by
Khawam et al [22]. These are shown in Table (1).

Code Controlling step f(a) g9(a)

A Crystallization and grain growth 2(1—a).[In(1 - a)]mT_l [=In(1 — a)]*/™
FO Zero order reaction 0 a
F1 First order reaction l1-«a —-In(1- )

- 1-n
Fn nth order reaction (n # 1) 1-am (11—06)

-n
R2 Cylindrical: reaction at interface 2(1— a)% 1-(1- a)%
R3 Spherical: Surface reaction at interface 3(1— a)% 1-(1- a)%
. . e 1
D1 One dimensional diffusion — a?
2a
) ) T a
D2 Two-dimensional diffusion —In(1- a) +(1—- @).n(l—- )
2
Three-dimensional diffusion (Thin ash 31-a)3 112
b3 layer) ( 1 [1 -(1- ll)g]
2-(1-a)
1 P 5

D4 Spherical: diffusion through ash 2 [(1 _ a)_% B 1] 1- §a -(1- a)

In the present work, three iso-conversional
methods were used from which the activation energy
could be determined without indicating the
mechanism of reaction.

The first method, known as the Flynn — Wall —
Ozawa (FWO) relies on determining the activation
energy from the following expression [23]:
log f = In*42 - 0.456 = (5)

daT

Where, : is the heating rate °C.min’".

Hence a plot of log f against 2 for fixed values of
conversion (a)should produce a straight line of slope
_ _0456F
= R

The second method, known as the Kissinger —
Akahira — Sunose (KAS) method [24] uses the
following expression to calculate activation energy:

me=_L£

R.A(a)
T2 RT

E.g(a) (6)
At fixed values of conversion, a plot of In Tﬁz
against (1/7) will yield straight lines of slope =
—E/R.
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The third method, elaborated by Friedman [25]
relies on rewriting equation (2) in the form:

da _da dT _ ,da _ _E

woaa =B = Ae rrf(a) (7)
da E

ln,BE=lnA.f(a)—E (8)

Therefore, a plot of ln[)’Z—:vs (1/T) at different
values of conversion (a) should produce a series of
straight lines of slope = — £ and intercept In A. f ().
It is possible to determine the values of In A for the
different conversion levels if the expression of f (@)
is known. This can be obtained from Table (1)
following a reasonable assumption for the rate
controlling  step. According to the kinetic
compensation principle [26], a plot between the
values of InA and those of E obtained at different
values of a should produce a straight line. Obtaining
a linear relation in the following form helps
validating the proper choice of f(a) and hence the
controlling mechanism:

InA=a+Db.E 9)
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4. Results and Discussion
4.1. Characterization of raw material (DOJC)
* FTIR analysis of DOJC)

Figure (1) shows the FTIR pattern obtained on
subjecting the dried DOJC powder to IR analysis.
Table (2) indicates the nature of the peaks obtained.

%T

at

000 3500 3000

2500 2000 1500 1000 450
cm-1

Name Description

Fig 1: FTIR pattern of DOJC

Table 2
Main functional groups bands from FTIR of DOJC [27]

Peak # Wave number cm-1 Band origin

1 3432 - OH

2 2925 —CH2 and - CH3

3 2854 C-H

4 2230 C=N

5 1738 Cc=0

6 1643 Cc=0

7 1463 Cc=C

8 1383 C-H

9 1250 C-0

10 1103 C-0

11 1075 C-0

12 668 C-H bending out of
plane

13 592 C-0

* Calorific value of DOJC

A high figure was obtained for the net calorific
value of DOJC namely,21990 kJ.kg‘l, as determined
using the bomb calorimeter (Section 2.1). One
possible reason is the remnant oil fraction in the seed
residue. This elevated figure sets the cake residue as
potential waste derived fuel to be used in industrial
furnaces partially replacing conventional fossil fuels
provided an oxidizing atmosphere prevails [28]. This
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value is much higher than that reported by Al-
Hamamre et al [29] who gave a value of 15340 kJ.kg"
!" One reason for the discrepancy could be the
difference in residual oil content in the two cases. In
the present case, a lab test performed by dissolving
100 g of the dry powder in hexane following a
similar work by Warra et al [30]. It was found to
equal about 7 % by weight of the dry powder.
* Determination of the lignocellulosic components

of DOJC

The percentages of lignocellulosic components in
the waste investigated were determined by the
methods described by Jin et al [19]. The following
results were obtained Table (3).

Table 3
Lignocellulosic components in DOJC
Component Cellulose Hemicellulose Lignin
Weight %
Sample # 1 28.68 9.36 8.35
Sample # 2 27.36 9.18 9.12
Average 28.02 9.27 8.735

The above table suggests that the total percentage
of lignocellulosic materials amounts to about 46% of
the dry mass.

4.2. Thermal analysis

TGA and DTG curves were obtained for DOJC in
nitrogen flow at the four aforementioned heating
rates. The pattern obtained was similar for all heating
rates except that the peak temperatures increased with
increasing heating rates. Fig (2) illustrates the pattern
obtained at a heating rate of 10°C.min™'.

An initial weight drop ending at about 200°C
corresponds to the loss of humidity and amounts to
about 9% of the original mass. Two DTG peaks
follow: A first peak at 249.3°C and a second one at
346.15°C. The first peak corresponds to a loss in
weight starting at about 200°C and ending at about
270°C. According to Zhang et al [10], this step
corresponds to the devolatilization of hemicellulose
and partially cellulose and lignin. The following step
starts at about 270°C and ends at about 380°C and
corresponds to the final decomposition of lignin. At
that temperature, biochar is formed and further loss in
weight can be attributed to cracking of the formed
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biochar which was observed during the pyrolysis of
several types of biomass [28]. The total loss in
weight following the second step constitutes about
51% of the dry mass, a figure almost compatible with
the total percent of lignocellulosic materials as per
the results of Table (3).

The loss in weight almost stabilized above
500°C.The final remaining residue at 900°C consisted
of ash constituting about 16.09% of the dry mass.

0/°C)

Deriv. Weight (%

Temperature ("C)

Fig 2: TGA — DTG curves for DOJC at heating rate = 10°C.min™

4.3. Kinetics of the first decomposition step

* Conversion curves

Table (4) reveals the initial and final temperatures
of the first decomposition step at the four heating
rates together with the maximum peak temperature in
each case. Figure (3) illustrates the conversion as
function of temperature for different heating rates, as
calculated from equation (1).

o

PR
=~ Cogvers@gn

200 220 240 260

280
Temperature oC

300

Fig 3: Conversion as function of temperature at different heating
rates (First step)
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Table 4
Characteristic temperatures for the first decomposition step
Heating rate °C.min-1 5 10 15 20
Beginning temperature oC 190 200 | 210 220
Peak temperature °C 232 250 | 258 | 268.5
Final temperature °C 255 270 | 282 291

* Results using the FWO method

As previously described, this method relies on
plotting log 8 against (1/7) for fixed values of
conversions. Figure (4) illustrates these plots for
values of a ranging from 0.2 to 0.8. The straight lines
obtained are almost parallel and the values of
activation energy obtained from their slopes are
summarized in Table (5). The average value of E =
90.11 kJ.mol ™.

Table 5
Activation energy of the first decomposition step using the
FWO method

o 0.2 0.3 04 0.5 0.6 0.7 0.8
E
88.87 89.08 | 89.26 | 89.79 | 90.43 | 91.27 | 92.09
2
R 0.9997 1 0.999 | 0.999 | 0.999 ] 0.999 | 0.999 | 0.999
1.5
4} ©® Conversion = (.2
a m Conversion = 0.3
E‘J 13 f A Conversion = 0.4
2 1 & Conversion = 0.5
- o Conversion = 0.6
1.1 f OConversion = (.7
1k A Conversion = 0.8
09 F
08
07
0.6
0.5 - - -
0.0018 0.0019 0.002

0.0021 UT ]?_.?022

Fig 4: FWO plots for the first decomposition step

* Results using the KAS method

The plots of ln(ﬁ/T2 ) against (I/T) at values of
a ranging from 0.2 to 0.8 are illustrated in Figure (5).
The straight lines obtained have sensibly equal slopes
from which the values of activation energy shown in
Table (6) were obtained.
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Table 6
Activation energy of the first decomposition step using the KAS
method

0.2 0.3 0.4 0.5 0.6 0.7 0.8

E | 85.17 | 85.29 | 85.38 | 85.84 | 86.42 | 87.22 | 87.98

R2 ] 0.996 | 0.997 | 0.998 | 0.999 | 0.999 | 0.999 | 0.999

The mean value of activation energy = 86.19
kJ.mol!, a value close to that obtained using the
FWO method.

A common feature that can be deduced from Table
(5) and (6) is the fact that the values of activation
energy increase with increased conversion as
illustrated in Figure (6).

-9.2
94 ® Conversion = (.2
e H Conversion = 0.3

-9.6 A Conversion = 0.4
98 ¢ Conversion = 0.5
: o Conversion = 0.6
-10 OConversion = (.7
-10.2 A Conversion = 0.8
-10.4
-10.6
-10.8

-11

-11.2 - . .
0.0018 0.0019 0.002 0.0021

In p/T2

0.0022
T K-1

Fig 5: KAS plots for the first decomposition step

93
922 F

9}
i OoFWO

SS90
£ mKAS

=8 |
“ss |
87 }
86 b
85 }

84 ——
0 01 02 03 04 05 06 07 08 09

Fig 6: Variation of activation energy with conversion for the first
decomposition step

* Results using the Friedman method

This method relies on plotting Ing.% vs (1/T) for
different values of conversion («). The slopes of
these lines allow calculating the value of E at each
conversion level, while the intercepts produce values
of In A. f(a). Figure (7) illustrates the straight lines
obtained from which it was possible to deduce the
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values of E reported in Table 7 with an average value
= 88.62 kJ.mol’}, a value matching those calculated
by the FWO and KAS methods. Figure (8) shows
that the values of E generally increase with
conversion except for a slight decrease at early
conversion levels. The explanation of that deviation
has to do with the approximation of (da/dT) by
(Aa/AT) on applying Friedman method. In the
present work, Aa was taken as 0.025, as
recommended by all previous works used
Friedman method. This is particularly true in the
earlier stages of conversion (o < 0.4) where the
curvature of the conversion-temperature curves is
highest.

To obtain the values of In A, it was necessary to
assume a controlling step for the decomposition step.
In the present case, a first order reaction mechanism
was assumed so that the expression of f (@) takes the
form:

fl@)=1-a

The values of In A are also shown in Table (7) and
Figure (9) displays the linear relation between In A
and E. the elevated value of R” for that relation
confirms the validity of the assumed form of f(@)
and hence the first order reaction
mechanism.Actually, the first order nature of the
decomposition kinetics of hemicellulose and
cellulose has been reported by several authors during
pyrolysis of biomass [31-33].

Table (1)

Table 7
Activation energy of the first decomposition step using Friedman
method

a 0.2 0.3 0.4 0.5 0.6 0.7 0.8

E 87.33 1 86.73 | 86.22 | 88.14 | 89.37 | 91.03 | 91.56

R2 0.997 1 0.999 | 0.988 | 0.999 | 0.999 | 0.999 | 0.999

InA 19.26 | 19.15 | 18.98 | 19.48 | 19.82 | 20.28 | 20.55

-0.6
08 @ Conversion = 0.2
= -1F m Conversion = 0.3
% 12 ¢ A Conversion = 0.4
< 14 b ¢ Conversion = 0.5
i‘ 16 } o Conversion = 0.6
_ O Conversion = (.7
-18 F Conversion = 0.8
2k
22 F
24
-2.6
28 F
-3
0.0018 0.0019 0.002 0.0021
1/T K-1

Fig 7: Friedman plots for the first decomposition step
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Fig 8: Variation of activation energy with conversion for the first
decomposition step (Friedman method)

21
< InA=02837E - 5.5021
Z50s5 b R2=0.9941
20 }
195 }
19 }
185 . . . . . . .

85 86 87 88 89 90 91 92

EK])

Fig 9: Linear relation between InA and E for the first
decomposition step

4.4. Kinetics of the second decomposition step

» Conversion curves

The characteristic temperatures for the second
decomposition step of DOJC are shown in Table (8)
for the different heating rates. On the other hand,
Figure (10) illustrates the dependence of conversion
(as calculated from equation 1) on temperature on
varying heating rates.

0; —&— Rate =5
é 0.8 —&— Rate = 10
E 07 | —*—Rate=15
Soe b ——Rate=20
0.5
0.4
0.3
0.2
0.1
0250 300 350 400

Temperature °C

Fig 10: Conversion as function of temperature at different heating
rates (Second step)

* Results using the FWO method

When values of log f were plotted against 2 for
values of conversions ranging from 0.2 to 0.8, the
straight lines appearing in Figure (11) were obtained.
The values of activation energy calculated from their
slopes are summarized in Table (9) with an average
value of E = 99.37 kI.mol ™.

Table 9
Activation energy of the second decomposition step using the
FWO method

a 0.2 0.3 0.4 0.5 0.6 0.7 0.8

E 97.0 | 98.55 ] 99.92 | 99.84 | 99.53 | 98.20 | 94.57

R2 | 0.998 ] 0.998 | 0.998 | 0.997 | 0.996 | 0.995 | 0.993

* Results using the KAS method

Figure (12) shows the plots of In Tﬁ—z against l, at
values of «a ranging from 0.2 to 0.8. The values of
activation energy at the different levels of conversion
are reported in Table (10).

Table 10
Activation energy of the second decomposition step using the KAS
method

a 0.2 0.3 0.4 0.5 0.6 0.7 0.8

E | 9244 | 93.88 | 95.16 | 94.93 | 94.47 | 92.95 | 89.02

R2 0.998 | 0.997 ] 0.997 | 0.996 | 0.996 | 0.994 | 0.991

Table 8
Characteristic temperatures for the second decomposition step
Heating rate foC.min" 5 10 15 20
Beginning temperature °C | 255 272 281 290
Peak temperature °C 327 346 352 366
Final temperature °C 340 370 390 405

Egypt. J. Chem. 66, No. 7 (2023)

The mean value of activation energy = 93.26
kJ.mol!, a value close to that obtained using the
FWO method. In both cases, the values of E start
increasing with conversion to reach a maximum
value at @ = 0.45 after which they go on decreasing.
(Figure (13)).
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1.4 @ Conversion = (.2
a m Conversion = 0.3
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1 A Conversion = 0.8
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Fig 11: FWO plots for the second decomposition step

96 F @ Conversion = (.2
98 F m Conversion = 0.3

[a\]
H
= 10 F A Conversion = 0.4
A ¢ Conversion = 0.5
102 o Conversion = 0.6
-104 F OConversion = (.7
-10.6 F Conversion = (.8
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Fig 12: KAS plots for the second decomposition step
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Fig 13: Variation of activation energy with conversion for the
second decomposition step
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* Results using the Friedman method

The same previously explained steps were carried
out to obtain activation energy values as function of
conversion from In LI 1/T plots (Figure (14)).
The average value of E = 93.69 kJ.mol ' coinciding
with that obtained using the KAS technique Table
(11). Activation energies go through a maximum
value at a =~ 0.3 (Figure (15)) and when a reaction at
the interface between reacted core and unreacted ash
was assumed, the calculated values of InA varied
linearly with E (Figure (16)). Again, the elevated
value of R’ proved the validity of the chosen
expression of f(a) =3(1—a)s, typical of a
decomposition controlled by reaction at interface
between core and product layer Table (1).

Table 11
Activation energy of the second decomposition step using
Friedman method

a 0.2 0.3 0.4 0.5 0.6 0.7 0.8

E 96.9 102.7 | 99.58 | 94.86 | 91.98 | 86.55 | 83.15

R’ 0.995 | 0.998 | 0.994 ] 0.993 | 0.992 | 0.996 | 0.994

In A 1712 | 18.17 | 17.44 | 16.44 | 15.88 | 14.87 | 14.14

-1.2
-14 @ Conversion = (.2
16 k m Conversion = 0.3
E 1s } A Conversion = 0.4
_g 21 . Conversion =0.5
i— O Conversion = 0.6
= 22 F OConversion = 0.7
24 F Conversion = 0.8
26 F
28 F
3k
32 F
34
-3.6 - - -
0.0015 0.0016 0.0017 0.0018

T K-1

Fig 14: Friedman plots for the second decomposition step
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Fig 15: Variation of activation energy with conversion
for the second decomposition step (Friedman method)
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2=
219 R2=0.9959
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Fig 16: Linear relation between InA and E for the
second decomposition step

4.5. Formation of biochar

* Chemical composition of biochar

Figure (17) reveals the EDX pattern of biochar
prepared at 400°C in which the carbon content is
76.41% while the corresponding SEM micrograph
shows relatively low porosity as in Figure (18).

On the other hand, the EDX pattern for the
specimen heated to 500°C, shows a lower carbon
content (67.89%) as clear from Figure (19) as well as
higher porosity as evidenced from the SEM
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08 0.9

micrograph in Figure (20). This is presumably due to
the loss of some low molecular weight components
on cracking. A similar result has been obtained by Li
et al [34] who showed that an increase in pyrolysis
temperature resulted in an increase in porosity. It
appears that the cracking process of biochar has had
for effect to eliminate the volatile fractions of low C
content, resulting in a lower level of C remaining at
500°C compared to that present at 400°C.

Fig 17: EDX pattern of biochar prepared at 400°C

Element Weight % Atomic %
CK 76.41 82.03
OK 21.14 17.04
Mg K 0.29 0.15
PK 0.47 0.19
SK 0.10 0.04
CIK 0.35 0.13
KK 1.08 0.36
CaK 0.16 0.05
Totals 100.00

C Spectrum 1

K

:
0 pS Cl Kca
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"Spectrum 1

[

50pm 3 Electron Image 1

200pm Electron Image 1

. . . Fig 20: SEM micrograph of biochar prepared at 500°C
Fig 18: SEM micrograph of biochar prepared at 400°C

e Calorific value of biochar
The net calorific value of the biochar obtained at

|Element |Weight% |Atomic% 4000C was determined and found to equal
C - r - 27570kJ.kg-1, a value higher much than the value
CK 67.89 7413 17600kJ.kg-1 obtained by Mierzwa-Hersztek et al for

coniferous tree bark biochar [35] and comparable to
the value determined for biochar derived from
|Mg K ‘0.17 |0.09 mahogany wood chips pyrolyzed at a heating rate of
10°C.min-1 (26551 kJ.kg-1) [36]. The determined

|O K ‘31.06 |25.46

|P K ‘0'16 |0'07 calorific value designates the investigated jojoba
|S K |0.07 |0.03 biochar as an excellent candidate for use as fuel.

|Cl K ‘0.14 |0.05

|K K ‘0.40 |0.13 5. Conclusion

CaK 011 0.04

: . The thermal analysis of jojoba de-oiled seeds in
[Totals 100.00 nitrogen showed two main decomposition steps

ending by the formation of biochar at temperatures in
the range of 400°C depending on the heating rate.
The formed char underwent cracking up to about
500°C. The first decomposition step corresponding to

e the devolatilization of hemicellulose, cellulose and
Ca lignin was found to follow first order kinetics with an
activation energy in the range 86.19 to 90.11 kJ.mol
' The second step followed a surface interface
reaction kinetics with an activation energy ranging
from 93.26 to 99.37 kJ.mol™, depending on the
kinetic method used in calculations. In both cases, the
kinetic compensation effect was revealed by a linear
relation between In A and E. Evidence of cracking of

o ¢
m biochar was obtained from the decrease in carbon
e ,5”, e e content following increasing the temperature from

0 2 4 6 8 10 12 14 400°C to 500°C.

Full Scale 10209 cts Cursor. 0.000 ke

Fig 19: EDX pattern of biochar prepared at 500°C
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