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Abstract
Background and Objective: Date palm is one of the important sources of lignocellulosic
materials in southern region of Iran. The structure of date palm wood is a monocot yledonous
plant and is very different from the wood of dicot yledonous trees. .Therefore, an

environmentally friendly approach to date palm wood modification and the behavior of some
mechanical properties for use in the wood and furniture industry was investigated.

Materials and Methods: Four date palms branches were collected from Zabol city, Sistan
and Baluchestan province. The trunks were cut into four two-meter sections along the length for
lightness and ease of transportation in the wood cutting workshop of the Faculty of Natural
Resources, Zabol University. Test samples were prepared from different positions along the
cross sections and at different heights of the trunk. The aforementioned samples were prepared
for mechanical testing and thermal modification. To determine the mechanical properties before
modification, tests of tensile strength parallel to the vascular bundles, tensile strength
perpendicular to the vascular bundles, shear strength parallel to the vascular bundles, and
compressive strength parallel to the vascular bundles were performed. The test specimens were
modified for heat treatment in a heat chamber (oven) at 11 different temperatures (120 to
210°C) by maintaining a constant temperature for 2 hours. The some properties including
flexural strength, modulus of elasticity, roughness meter, and resistance to screws and nails
were tested before and after the thermal modification operation for the suitability in the furniture
industry. Analysis of variance of heat treatment was performed at different temperatures.

Results: The results showed that the average mechanical properties before modification,
tensile strength tests parallel to vascular bundles, tensile strength perpendicular to vascular
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bundles, shear strength parallel to vascular bundles, and compressive strength parallel to
vascular bundles were determined with an average of 85.07, 1.31, 3.58, and 19.79 kg/cmz2,
respectively. During the modification operation, light smoke and a very fragrant odor with a
pleasant aroma were emitted in the laboratory. This phenomenon was one of the signs of
changes in the properties of date palm wood after modification. Also, the behavior of some
properties, including the bending strength (MOR) of unmodified and modified date palm
samples, was recorded with an average of 39.109 and 70.719 kg/cm?, respectively. The highest
average modulus of elasticity (MOE) was calculated to be 2356.38 and 2677.57 kg/cm?,
respectively. The modification process at different temperatures showed that in the temperature
range of 160 °C, an increase in MOR and an increase in MOE occurred. However, with
increasing heat treatment temperature in subsequent samples, the MOR and MOE values
decreased. In the 210 °C treatment, the samples had almost a superficial burn state. Also, the
screw resistance test showed an increase in resistance compared to the nail after modification.
The results of the roughness test after modification, in the temperature range of 150 and 160 °C,
witnessed a low level of surface changes and smoothness.

Conclusion: . This research, can be the beginning of entering into creating basic knowledge
for thermal modification of date palm wood. Overall, it offers promising ways to tailor the
properties of this lignocellulosic material to suit different applications while maintaining its
renewable and environmentally friendly nature. Embracing these advances may pave the way
for the development of these innovative and sustainable materials in the wood, furniture, and
home interior industries in the coming years.

Keywords: Thermal modification, date palm texture, mechanical properties.
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Figure 3. Date palm mechanical test curve
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Figure 4. Flexural strength test before (A) and after (B) thermal modification and (C) palm samples at different
temperatures
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Table 2- Static bending and modulus of elasticity of date palm samples at different temperatures

Static bending (MOR) Modulus of elasticity (MOE) mc‘)l’(;?irgzlon
Average Average deviation Average deviation Average
Average force MOR (MOR) (MOE) MOE (°c)
834/34 39/10 7/33 1054/58 2356/37 Raw palm
862/33 40/42 4/14 208/39 709/29 120
866 40/59 8/30 160/73 1418/93 130
932 43/68 12177 237/52 2014/34 140
1137/33 53/31 22/11 1698/75 2125/65 150
1508/67 70/71 22/60 1663/92 2677/57 160
993/67 46/57 30/55 769/75 2033/95 170
499 35/67 25/35 243/26 2020/82 180
803 29/18 25/20 2262/26 2022/33 190
622 22/45 2/63 156/77 1258/02 200
238/3 11/17 5/92 484/43 1062/63 210
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= \Witness sample
2000 treatment120
treatment130
1500
treatment140
% 1000 treatment150
- AT m——-—- treatment160
500 treatment170
treatment180
o e treatment190
15 20
treatment200
-500
----- treatment210

Relative length cgange(mm)

cilize bles 3 b (56 s 5w sove —0 SIS
Figure 5. Bending force curve of date palm at different temperatures
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Figure 7. Modulus of elasticity before and after thermal modification of date palm
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Table 3- Analysis of variance of static bending and modulus of elasticity of date palm samples
at different temperatures

Sum of Squares Df Mean Square F Sig.
emperature F Between Groups 3328859/748 10 332885/975 21447 /039
max Within Groups 2993124/547 22 136051/116
Total 6321984/295 32
Temperature Between Groups 19672/781 10 1967/278 21447 /039
(MOR) Within Groups 17688/665 22 804/030
Total 37361/445 32
Temperature Between Groups 7/088E8 10 7/088E7 1802 1629
(MOE) Within Groups 1/944E9 22 8/836E7
Total 2/653E9 32

The mean difference is significant at the 0.05 level .x
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Table 4- Roughness characteristics of samples treated at different temperatures

Treatments Soft Rough
Temperature level Ra Rz Ra Rz Rq

(Witness) 11.05 70.15 13.87 27.68 13.92 34.85
120 7.67 63.98 10.32 18.29 98.53 23.03
130 6.79 47.94 8.79 18.01 11.43 23.25
140 6.27 54.83 8.4 12.35 77.19 15.71
150 6.7 52.26 9.1 10.17 64.59 12.86
160 6.54 50.53 7.79 9.42 55.16 11.74
170 5.05 33.17 6.29 9.04 68.39 11.99
180 4.93 36.31 6.48 7.58 54 9.99
190 7.84 56.83 10.27 9.63 70.12 13.42
200 9.2 57.29 11.38 10.47 67.84 13.17
210 10.51 66.93 13.24 13.31 81.25 16.62
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