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Abstract. The focus of this study was to develop a method to demonstrate the feasibility of obtaining useful
and high-value resources from Phoenix dactylifera residues and, to determine the physical and chemical prop-
erties of the ash of dates-palm-tree remains. Date-palm leaves and fiber samples were combusted for 50 s, using
an Nd: YAG laser with 40 W output power. It was found, that combustion of one gram of agricultural waste
could be completed in 50 s and 40 W by laser while 10 g required 1.5–10 min and 300–800 W power by micro-
wave and at least 2 h with 1500 W power for conventional heating for 10 g. The subjects of this treatment, the
leaves and fiber samples, before and after combustion were investigated by X-Ray Diffraction (XRD) and
Fourier Transform Infrared (FTIR). The XRD results of the palm-fiber after combustion reveal that the sam-
ples were crystallized with a rhombohedral phase of acetamide and hatrurite, orthorhombic finite, and
Ca4Si2O6(CO3)(OH)2, and a monoclinic phase of ikaite properties. The XRD patterns of palm-leaf after com-
bustion reveal that the samples were crystallized with orthorhombic hillebrandite, rhombohedral acetamide,
and the monoclinic phase of each karpatite, morganite, and howlite. Finally, the FTIR exhibited several absor-
bance peaks, assigned to silica.

Keywords: Agriculture waste combustion, Date palm tree residues, Laser-based combustion, Laser-matter
interaction, Waste utilization.

1 Introduction

Date palm (Phoenixdactylifera) leaves, called fronds, are
pinnate, compound leaves spirally arranged around the
trunk. The fully mature leaf is 4 m long, but ranges from
3 to 6 m, and is 0.5 m wide at the middle midrib that nar-
rows toward both leaf ends. Date-palm tree residues are one
of the most significant natural fibers, obtained by the
annual palm trees pruning as an agricultural practice.
Worldwide, there are approximately 105 million palm trees,
and it is estimated that more than 3,675,000 tons of residue
are produced seasonally [1]. As these agricultural and horti-
cultural residues are plentiful, widespread and easily acces-
sible, researchers are currently studying their application as
raw-material substitutes [2]. Several burning approaches
are used to convert the agricultural waste into useful
value-added products, which could decrease the cost of
waste disposal. There are challenges of using conventional
heating vis-a-vis the laser-based combustion. Recently,
Gawbah et al. (2018) reported the preparation of silica
and silicon carbide from wheat roughage and sesame seed
cake by Nd: YAG laser as the combustion source [3, 4].

In addition, rice husk ash, which is rich in silica
(92–97%), can be an economically feasible raw material to
produce silica gel and powders [5]. Date palm fibers have
high cellulose and low lignin content which ensures good
mechanical strength; hence, used for making bricks with
good thermal characteristics [6], and for producing medium
density fiberboard [7].

Laser techniques are being utilized in combustion con-
trol and diagnostics [8]. The thermodynamic requirements
of a high-compression ratio and high-power density are well
fulfilled by laser ignition [9], which can promote the com-
bustion operation and reduce pollutant fashioning [10].
Lasers have appropriate high-power with low divergence
for focusing down to the desired size with enough power
density to burn samples at high pressure. Lasers with
high-power and beam pointing stabilities are fundamental
for producing a heating spot at a constant temperature in
a fixed position [11].

In general, ceramics are known as polymorphs, with the
same type of chemistry but various crystalline structures.
Traditionally, ceramics are classified as clay-based materi-
als, and can be known as inorganic and non-metallic mat-
ters that are heat treated during processing or use. They
tend to be crisp, hard and inert, with ionic or covalent* Corresponding author: marouf.44@gmail.com
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bonding. Portlander is a beneficial prototype for hydrous
and cement at high pressure because of its structural and
chemical simplicity [12]. These materials produced from
the organic materials (agricultural waste) which we treated
by the method that we utilized. In this paper, we focus on
utilization of laser technology to convert agricultural waste
into a useful value-added product; particularly, date-palm-
tree residues in producing minerals, portlandite, graphite,
which could decrease the cost of waste disposal in the same
time.

2 Materials and methods

2.1 Experimental

Date-palm-tree leaves and fibers samples were collected
from the institutional garden of Sudan University of Science
and Technology in Khartoum, Sudan. Samples were washed
with distilled water to clean off stucked soil, debris and other
contaminants, and air-dried at room temperature. Dried
samples were then ground into powder by using a mortar
and pestle. One gram of each sample was placed in a crucible
and combusted the in air using an Nd: YAG laser (DOR-
NIER medTech Medilas 5100 fibertom, UK) beam, with
1064 nm wavelength, 40 W output power, power density
about 3.258 KW/m2, continues mode (CW), and combus-
tion time 50 s. The laser beam was delivered by a single-
mode fiber optic cable; with a length of 60 cm and a
diameter of 125 lm; the distance between the sample and
the fiber-optic cable end was 1 cm. Due to the small spot
size of the laser beam, the combustion operation was per-
formed point-by-point in an open air to obtain the ash.
The laser was located on a holder, while the crucible was ro-
tated every 50 s, carefully, for approximately 5 mm. This
step was done again several times again for accuracy, before
the investigations. The experimental work was carried out
in the Institute of Laser, Sudan University of Science and
Technology, Khartoum, Sudan. Only solid residues after la-
ser combustion have been characterized in this work.
Whereas gaseous products were also observed during laser
combustion, they were not characterized. These gaseous
products may be harmful to the environment; it is recom-
mended to be characterized in future studies.

2.2 Characterization

The non-combusted and combusted palm fiber (sample 1
and sample 2, respectively) and non-combusted and com-
busted palm leaf (sample 3 and sample 4, respectively) were
examined using X-Ray Diffractometer (XRD) (Shimadzu,
MAX_X, XRD-7000, Japan), Cu Ka with a scanning speed
of 1000�/min [13]. The data were collected for a two-theta
(2h) range of 10�–80� at a step size of 0.0002�. The samples
were prepared by careful grinding, before the XRD mea-
surements, using an agate mortar homogenization. XRD
patterns were analyzed using the Materials Data, Inc.,
MDI Jade 0.5 Match Program. Chemical groups in the
non-combusted and combusted samples were identified by
a Fourier Transform InfraRed (FTIR) spectrometer (Satel-
lite FTIR 5000, Japan). The samples were mixed with dry

potassium bromide powder (KBr) at a ratio of 1:100.
Through applying adequate pressure, the tablet was pre-
pared for scanning. The FTIR spectra for the samples
were collected, in the 400–3500 cm�1 wavenumber range,
using an FTIR spectrometer.

3 Results and discussion

3.1 XRD analysis

3.1.1 Palm fiber XRD

The XRD patterns of the palm fiber are depicted in
Figure 1. The broad peak displayed here is attributed to
an amorphous structure, and some of the other peaks indi-
cate the crystalline species, as indicated in Table 1. The
spectra of palm-fiber samples, before and after combustion
analyzed by the Match Program are depicted in Figure 1.
This figure confirms the existence of non-crystalline silica
in the two samples, between 10� and 30� at a 2h range of
21–23� (see Tables 1 and 2).

For the date-palm-tree fiber sample before combustion
(sample 1, Fig. 1); carbon compounds such as acetamide
(C2H5NO), dinite [NR] (C20H36), ikaite CaCO3H2O, hatru-
rite (Ca3SiO5) and Ca4Si2O6(CO3)(OH)2, were observed.
However, for date-palm-tree fiber sample after the combus-
tion procedure (sample 2, Fig. 1), other new compounds
including acetamide (C2H5NO), caoxite (C2H6CaO7), caox-
ite (C2H6CaO7), caoxite (C2H6CaO7), portlandite (Ca
(OH)2), and graphite-2H(C), were observed. Notably, for
sample 2, the combustion procedure using laser is highly
effective in forming products, which appear in combusted
samples such as portlandite (Ca(OH)2), and graphite-2H
(C) at 2h values of 43.897�, 64.261�, 77.379�, and 77.525�,
respectively (see Tables 1 and 2).

3.1.2 Palm leaves XRD

The XRD patterns of the date-palm leaves, before combus-
tion (sample 3) and after combustion (sample 4) are shown
in Figure 2 displaying the spectra of samples (3 and 4)

Fig. 1. XRD patterns of date-palm-fiber powder samples.
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analyzed by the Match Program [3]. This confirms the exis-
tence of non-crystalline silica in all the samples in the broad
peak range of 2h = 21� – 23� for the samples. However,
some of the phases that did not appear in sample 3 were
formed in sample 4, such as formicaite (Ca(HCO2)2), lons-
daleite (C) and cristobalite (SiO2) at 2h peaks of 37.555�,
43.799�, 64.169� and 77.296�, respectively (Fig. 2). More-
over, some phases that appeared in sample 3 spectrum dis-
appeared in sample 4 which were moganite (SiO2) and
howlite (C6H4(CO)2C6 H4), at the 28.529� and 40.685�
peaks, respectively (Fig. 2). The X-ray analyses of the palm
leaves are presented in Tables 3 and 4. Phases that
appeared in the sample 3 XRD spectrum but, disappeared
in sample 4 this may be due to high temperature and high
pressure from the focusing of laser photons through the
combustion process.

3.2 FTIR studies/analysis

3.2.1 Palm-fiber FTIR analysis

The infrared spectrum reveals the entire molecular-struc-
ture information of the investigated samples. From the

intensities and frequencies of some of the spectral bands,
it is possible to predict the types of functional groups that
exist in the molecules. The FTIR spectra for samples 1

Table 1. Peak-search report of the palm-fiber, before combustion.

2-Theta d (A�) Height I% Area I% FWHM Crystal structure with
space group

Phase

15.460 5.7269 223 29.0 15309 23.5 0.834 Rhombohedral-single
crystal, R3

Acetamide, syn C2H5NO (white)

15.970 5.5448 233 30.3 14416 22.1 0.752 Orthorhombic-P212121 Dinite [NR] C20H36 (colorless)
22.039 4.0299 599 77.9 47452 72.7 0.963 Orthorhombic-P212121 Dinite [NR] C20H36 (colorless)
22.180 4.0045 704 91.5 61147 93.7 1.056 Monoclinic-C2/c Ikaite, syn CaCO3H2O

(colorless)
22.429 3.9607 769 100.0 65243 100.0 1.031 Rhombohedral-powder

diffraction, R3m
Hatrurite, syn Ca3SiO5

22.727 3.9094 597 77.6 54163 83.0 1.103 Orthorhombic-powder
diffraction

Ca4Si2O6(CO3)(OH)2
(light brown, white)

Where: d is the spacing of the crystal planes, I is Intensity and FWHM is Full Width at Half Maximum.

Table 2. Peak-search report of the palm fiber, after combustion.

2-Theta d (A�) Height I% Area I% FWHM Crystal structure
with space group

Phase

21.746 4.0836 448 95.3 31711 81.7 0.860 Rhombohedral-single
crystal, R3

Acetamide, syn C2H5NO
(white)

21.971 4.0423 470 100.0 37315 96.2 0.965 Triclinic-powder diffraction Caoxite, syn C2H6CaO7

22.198 4.0014 389 82.8 38795 100.0 1.212 Orthorhombic-P212121 Dinite [NR] C20H36
(colorless)

22.503 3.9478 334 71.1 35197 90.7 1.281 Triclinic-powder diffraction Caoxite, syn C2H6CaO7

22.605 3.9301 291 61.9 26048 67.1 1.088 Triclinic-powder diffraction Caoxite, syn C2H6CaO7

64.261 1.4483 246 52.3 5691 14.7 0.281 Hexagonal-powder diffraction,
P-3m1

Portlandite, syn Ca(OH)2

77.379 1.2323 399 84.9 13333 34.4 0.406 Hexagonal-powder diffraction,
P63/mmc

Graphite-2H(C) (black)

77.525 1.2303 272 57.9 12409 32.0 0.555 Hexagonal-powder diffraction,
P-3m1

Portlandite, syn Ca(OH)2

Fig. 2. XRD patterns of the palm-leaf powder samples.

J. Eur. Opt. Society-Rapid Publ. 19, 5 (2023) 3



and 2 are depicted in Figure 3. The absorbance peak around
660, 420 cm�1 corresponds to the bending and stretching of
the siloxane bonds (Si–O–Si) [3]. The peaks at approxi-
mately 1032 cm�1 in both samples, and at 1150 cm�1 in
sample 2 (1260–700 cm�1) indicate the possible stretching
vibration for alkane C–C [14]. In general, the peaks at
1437 cm�1 appear because of the C–O stretching of carbon-
ate [15]. Moreover, the absorbance band at the 1420 cm�1

peak indicates C–O vibrations or C–H deformation in the
samples [16]. In general, the 1422 cm�1 peak appears be-
cause of the C–O stretching of carbonate [3]. The peak at
1650 cm�1 is indicated the aromatic stretching in palm-fiber
structure and increases in sample 2 [17]. The weak band at
1506–1510 cm�1 is because of aromatic C–H. The absor-
bance peak around 2350 cm�1 is attributed to –C�N–
(Nitrites) and –C�C– (Alkynes) compounds [16]. The peak
in sample 1, around 2924 cm�1, can be indicated the C–H
stretching modes; the peak around 940 cm�1 is indicated
to the asymmetric stretching of the CH2 group.

3.2.2 Palm-leaf FTIR analysis

The FTIR spectra of the palm-leaves samples (samples 3
and 4) were investigated, revealing several graphene and
silicon bonds (Fig. 4). The new absorbance peak around

2926–2843 cm�1 in sample 4, which did not exist in sample
3, can be indicated the C–H stretching modes. The absor-
bance peak around 2343 cm�1, because of the –C�N–
(Nitrites) and –C�C– (Alkynes) compounds [3, 14, 16],
increases after combustion (sample 4). In addition, the

Table 3. Peak-search report of the palm leaves, before combustion.

2-Theta d (A�) BG Height I% Area I% FWHM Crystal structure with
space group

Phase

21.636 4.1041 3142 486 100.0 22667 74.2 0.567 Orthorhombic-single
crystal, Cc

Hillebrandite Ca2(SiO3)(OH)2

22.054 4.0272 3126 311 64.0 30568 100.0 1.195 Rhombohedral-single
crystal, R3

Acetamide, C2H5NO (white)

22.376 3.9700 3113 249 51.2 28120 92.0 1.373 Monoclinic-powder
diffraction, P21/n

Karpatite, C6H2(C4H2)4C2H2

(red-violet)
28.529 3.1262 1755 140 28.8 3586 11.7 0.311 Monoclinic, I2/c Morganite Si O2

40.685 2.2158 1091 114 23.5 2970 9.7 0.317 Monoclinic-powder
diffraction,
P21/a

Howlite, C6H4(CO)2C6H4

Table 4. Peak-search report of the palm leaves, after combustion.

2-Theta d (A�) BG Height I% Area I% FWHM Crystal structure with
space group

Phase

21.998 4.0373 5231 521 16.4 47257 69.8 1.103 Triclinic-powder diffraction Caoxite, C2H6CaO7

22.179 4.0048 5192 646 20.4 57795 85.3 1.087 Monoclinic-(Unknown),
P21 (4)

C14H10 (colorless, light gray,
white)

22.457 3.9558 5110 738 23.3 66256 97.8 1.091 Rhombohedral-powder
diffraction, R3m

Hatrurite, syn Ca3SiO5

22.623 3.9271 5084 718 22.6 60055 88.6 1.017 Triclinic-powder diffraction Caoxite, syn C2H6CaO7

37.555 2.3930 2016 2029 63.9 44222 65.3 0.265 Tetragonal-(Unknown),
P41212

Formicaite Ca(HCO2)2
(light blue, white)

43.799 2.0652 1613 3174 100.0 67744 100.0 0.259 Hexagonal-powder
diffraction, P63/mmc

Lonsdaleite, syn (C)

77.296 1.2334 565 2070 65.2 62866 92.8 0.369 Tetragonal-powder
diffraction, P41212

Cristobalite, SiO2
(colorless)

Fig. 3. FTIR results of non-combusted and combusted palm
fiber.
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additional peak formed in sample 4 at 1733 cm�1 maybe
refers the carbonyl group (C=O) [17]. The strong peak at
1630 cm�1 is indicated the aromatic stretching in the
palm-leaf structure, and decreases after the combustion pro-
cess [18]. The absorbance band at the 1427 cm�1 peak may
indicate C–O vibrations or C–H deformation in the samples
[19]. In general, the 1422 cm�1 peak appears because of the
C–O stretching of carbonate [20]. The strong absorbance
peak at around 1110 cm�1 is indicated the Si–O–Si
antisymmetric stretching mode, and the peaks from 790
to 470 cm�1 match siloxane bond (Si–O–Si) stretching
and bending vibration [3, 14].

These results indicate that the laser heat has success-
fully modified the date-palm-tree residues samples by the
interaction of laser photons with the molecules. When the
high-power laser beam hits the agricultural waste, laser
photons absorption and interaction occur. The main laser
parameters that can be controlled during combustion
include the wavelength, laser power, beam diameter, com-
bustion time, and beam mode. In general, infrared wave-
length produces a primarily thermal effect, but to obtain
the highest productivity, high laser power is needed. So
the power density of the laser is the most important
parameter.

It was found, for example, that the combustion of one
gram of agricultural waste could be completed in 50 s and
40 W by laser while 10 g required 1.5–10 min and 300–
800 W power by microwave and at least 2 h with 1500 W
power for conventional heating for 10 gramsminutes and
300–800 W power [21, 22]. Nd: YAG laser is equally effec-
tive but is less expensive in energy consumption than the
oven for combustion, so it has both positive environmental
and economic impacts. Although in recent years fiber lasers
have become widespread and are gradually replacing solid-
state lasers, Nd: YAG laser has more advantages in the
combustion process; it is represented in that the fiber lasers
are limited at output peak power of a few kilowatts where
increasing the laser peak power leads to fiber damage due
to nonlinear effects and high peak power at the output fiber.
Despite semiconductor lasers having high-efficiency Nd:
YAG Laser overtakes them with its high power.

In comparison, the conventional combustion using elec-
trical heater it is difficult to control burning and furnace
consumes more electrical power with more time of burning.
Microwave also consumes more electrical power and it is
not burning dry material easy and it takes more time and
there is wave hazard around the microwave system. By
using laser it saves the electrical power and the parameters
(power, power density, combustion duration and wave-
length) are under control as the results of XRD the crys-
talline structures of the products from the combustion
may by be changed using different power and different com-
bustion duration.

Basically; laser sources have a very small waist; this
caused difficulty in combusting and gives a small amount
of production. It is expected that using beam expander to
increase the expansion of the combustion area and increase
the output power will increase the efficiency of combustion.
Additional optimization opportunities exist in making the
sample move in a production line (moving belt) with a fixed
laser source, which would allow the products of combustion
in a reasonable amount. Several researchers have done sig-
nificant investigations on the treating of a great amount of
material with laser and the influence of laser parameters. In
some set-ups, material move either on a special conveying
belt with a constant speed over an area illuminated by a
laser beam [23] or by the free-falling method [24]. In another
method, a rotating laser beam sweep is installed [25]. Some
researchers used a set-up containing many lasers [26, 27]. In
addition, to provide the optimum laser parameters (beam
spot size, optical power densities, intensity, etc) optics such
as lenses beam expander were used [28–30], as well as the
passing velocity and distance between laser and material
can be also adjusted.

In future, the transformation of a large amount of agri-
cultural wastes using laser-induced combustion; can be an
economically method to obtain raw material to produce a
lot of useful and high-value materials.

4 Conclusions

In summary, date-palm-tree fibers and leaves were com-
busted, using an Nd: YAG laser (1064 nm) with 40 W out-
put power for 50 s. Two different procedures were utilized
to identify the crystal structure and functional groups of
the date-palm-tree fibers and leaves and their products after
combustion. The first was XRD, which utilized to investi-
gate the crystal structure. The XRD patterns of the
combusted date-palm-tree fibers and leaves reveal the pres-
ence of crystalline materials such as portlandite (Ca(OH)2),
and graphite-2H(C). The second method was FTIR, which
utilized to investigate the chemical groups of the four sam-
ples. It was found that the palm-fiber samples contained
siloxane, aromatic, nitrites, and alkynes. In contrast, the
palm-leaf samples contained graphene, silicon, nitrites,
alkynes, carbonyl, siloxane, and aromatics. The gaseous
products of this combustion method, apart from CO2
(GHG), may be harmful to the environment; it is recom-
mended to investigate them in future research. The present
study provides a foundation for future research to apply

Fig. 4. FTIR results of non-combusted and combusted palm
leaf.
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laser technology in waste treatment to contribute to a bet-
ter environment.
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