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ABSTRACT 
 

Insulation materials are of great importance for conserving stored energy and maintaining temperatures in cooling or heating 

processes. The cost of insulation materials is a large part of the initial, maintenance and repair costs. Glass-wool insulation namely 

exchanges in a short time due to its absorption of moisture resulting in decreasing the insulation value. Disposal of glass-wool insulation 

material constitutes an environmental problem due to its difficultly of degradation. The palm leaves are considered as a great field 

residues annually produce in Egypt and the Arab countries when each palm produces more than 25 kg per year and the number of palm 

trees in Egypt is more than 17 million palms. These field residues are rich in cellulose, sugars and many other important elements that 

can be used in different industries or extraction of important natural materials, which provide return an economic benefits instead of 

burning them. To achieve the goal of this research, four cylindrical metallic tanks made of black iron sheet, each one having gross 

dimensions of 50 cm long, 30 cm in dimeter, and 1 mm thick.  Three tanks were thermal insulated using krino as an insulation material, 

with three different densities of insulation (50, 60, and 70 kg/m3) and 5 cm thick. The fourth tank was insulated using 5 cm thick of glass 

wool. The most important results of the thermal conductivity test of krino revealed that the thermal conductivity of the krino depends on 

its density and temperature. The best density was 50 kg/m3. The values of thermal conductivity of the three different densities was 

ranged between 0.0954 and 0.190 W/m K) 
 

INTRODUCTION 
 

The surface fibers of date palms are one of the most 

widespread environmental wastes in the Middle East. The 

thermal composition and microscopic structures of date 

palm fibers show that they can be used as new insulation 

materials for different applications. Corn starch is used to 

bind the fiber, which makes the insulation material quite 

natural. Ali and Alabdulkarem (2017) measured the 

thermal conductivity of the date palm for four different 

densities, the results showed that the minimum and 

maximum values are, respectively, 0.0475 and 0.0697 

W/m K.  The thermal weight analysis indicated that, the 

fiber degradation and degradation starts at 232 m, where 

the sample lost approximately 8.5% of its original mass 

only. Differential analysis is performed for the scan and 

showed that the heat transfer transition starts from 243 to 

382°C with a peak at 369°C. The proposed natural 

materials are comparable to traditional insulating materials 

with many advantages without danger to humans. Natural 

fibers are very promising and have great potential as 

environmentally friendly raw materials, especially for 

thermal insulation (Rashed et al., 2006). In addition, the 

natural fibers are biodegradable and have a low impact on 

the environment. Natural fiber compounds are generally 

superior to fiberglass compounds from an environmental 

point of view for a number of reasons, including: less 

environmental impact than glass fiber production, high 

fiber content for similar performance, durability of end-of-

life natural fibers, energy generation and carbon recovery 

credits (Joshi et al., 2004). The insulation market is 

competitive in terms of performance and cost. Natural 

insulation materials are now a niche market. It should be 

noted that cannabis is currently used as a natural insulator. 

Pervaiz and Sain (2003) identified the potential for storage 

and carbon dioxide emissions as well as their comparison 

with fiberglass compounds. Their results showed that, the 

average thermal conductivity was 0.083 W/m K for each 

neck and bundle of palms. A detailed review of the 

construction of insulation materials based on natural or 

recycled materials such as sugarcane, corn, cotton stalks, 

palms, fiber of palm,  oil and others (Asdrubali et al., 

2015).  Experimental characterization and water absorption 

of treated and untreated natural fiber compounds were 

studied by Sgriccia et al.  (2008). The results showed that, 

the natural fiber compounds absorbed more water than the 

glass fiber compounds. A review article on pretreatment of 

natural fibers and their applications as a catalyst in 

polymeric compounds has been published by Kalia et al. 

(2009). The synthesis and thermal decomposition of hemp 

fibers treated chemically showed that the main degradation 

of the fiber occurred at a temperature between 250°C and 

375°C (Kabir, 2012). Access to an alkali-treated was 

reported by Mahato et al.  (2013), they used scanners for 

differential scanning and infrared. Coconut fiber and sugar 

cane have been developed as biodegradable fibrous 

insulation (Manohar et al., 2006).  The results showed that 

the thermal conductivity at 70 kg/m
3
 of sugarcane and 

coconut fibers are 0.05094 W/m at 24°C and 0.04884 W/m 

at 21.8°C, respectively. Some insulating materials pose a 

hazard to humans in the event of a fire (Liang and Ho, 

2007). Therefore, it is not recommended to use organic 

foam materials to construct walls as insulation. Recently, a 

new insulating material derived from fruit fibers has been 

reported in the protera calotropis plant using a corn starch 

solution as a binder (Ali and Zeitoun, 2012). The results 

showed that the average thermal conductivity at 130.47 

kg/m
3
 is 0.045 W/m °C, which is close to the ASTM 

standard. The new insulating materials developed can also 

absorb sounds. Protea procera (dirty apple) has been 

patented as an insulating material (Ali, 2013). Recently, 

The formal and thermal properties as well as the sound 

absorption properties of protona prolera (proalla proalla 

proallera callropis) have been studied and reported as a 

promising new natural insulating material by Ali (2012) 

and Ali (2016).. Thermal conductivity measurements of 

palm oil fiber, coconut and sugarcane have been examined 

as insulation materials for buildings by (Manohar, 2012).  

The obtained results showed that, the measured thermal 

conductivity is within the range normally used to insulate 

thermal buildings according to FAO (FAOSTAT, 2012). 

The Arab Republic of Egypt is the largest producer of 
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dates with a capacity of 1.7 million metric tons per year. 

Palm trees produce a large amount of waste with many 

applications, such as the production of composite materials 

and activated carbon from pulp and fiber (MMS El Morsy, 

1980; Barreveld, 1993; Khiari et al., 2010). Palm trees 

produce large quantities of palm leaves. Each palm tree 

annually produces about 20 kg of dry leaves as waste. The 

burning of paper waste is a common practice in some 

places, resulting in environmental pollution (McKendry, 

2002). The use of date palms, rather than burning them, is 

very important for the environment and also has economic 

benefits. In addition, there are 11 million tons of 

agricultural wastes per year in Saudi Arabia. Most of the 

waste belongs to palms, which, if not used properly, can 

cause environmental problems. This waste is a renewable 

resource that can have significant economic benefits 

(Nassour, et al., 2008; Saidik, et al., 2010).  Dates palm 

trees and date stones (El May, at at., 2012), were potential 

use and investigated these materials to restore energy with 

emission factors declining to form trace gases and 

particulate matter in the exhaust that have the most 

significant impact on the environment. The insulating 

materials of dried palm leaves, which have been crushed, 

have been developed in small pieces (Al-Juruf, et al., 

1988). In their study, the chemical, physical and 

mechanical properties of palm fibers were studied and 

reported. Physical and chemical properties of palm trees 

(necks and beams) are namely verified (Agoudjil et al., 

2011). Their results showed that the average thermal 

conductivity was 0.083 W/m °C per neck and range of 

palm. A detailed study was reported on the construction of 

insulation products based on natural or recycled materials 

such as reeds, cattails, corn cobs, cottonwood, palm, 

durian, fiber and other palm oil (Asdrubali, et al., 2015). 

The main objective of this study is to study the possibility 

of using palm trees in the form of date palm leaves (krino) 

which extracted from leaves as new insulation material, 

which are wasted in large quantities and did not 

investigated in the literature. In addition, morphology and 

thermal analysis is also performed on palm leaves. 
 

M ATERIALS AND METHODS 
 

Materials 

Experiments were carried out in Biogas 

laboratory-tractor and machinery testing center (TMTC) 

Sabhia, Alexandria governorate, during August 2018. To 

achieve the objective of this research work, four 

cylindrical metallic tanks made of black iron sheet, each 

one having gross dimensions of 50 cm long, 30 cm in 

dimeter, and 1 mm thick as shown in Fig. (1). Three tanks 

were thermal insulated using krino as an insulation 

material, with three different densities of insulation (50, 

60, and 70 kg/m
3
) and 5 cm thick. The fourth tank was 

insulated using 5 cm thick of glass wool with thermal 

conductivity of 0.078 W/m K. Each tank was equipped 

with three sensors of thermocouple type K for measuring 

the temperature and connected to the data logger of 16 

channels as shown in Fig. (1). The four tanks were filled 

with 70% of the tank volume using hot water at an 

average temperature of 85°C. 
 

 
Fig. 1. Three tanks insulated using krino material and 

the fourth tank insulated by glass wool 
 

Thermal conductivity measurement 

The thermal conductivity of the different thickness 

and density of krino, and glass wool was determined from 

the proportionality between heat flow and the potential 

temperature difference (Fourier's Law) as illustrated in Fig. 

(2). The heat energy balance on the water tanks is 

described by the equation of steady-state conduction as 

follows (Holman, 2010):  
qcond. =   qconv.   +   qrad.                   (1) 
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Fig. 2. Diagram of heat energy and temperature 

distribution on the tank 

Where, di and do, are the inner and outer diameters of the water tanks, 

respectively, Ai and Ao, respectively, are the inside and outside 

surface areas, Uo, is the overall heat transfer coefficient, Rth, is the 

thermal resistance, kc, thermal conductivity of tank material, ks, 

thermal conductivity of insulation material, L, is the length of 

tank, hi, is  the convection heat transfer coefficient between the 

water and the inner surface of the tank, ho, is  the convection 

heat transfer coefficient between the outer surface of the 

insulation material and the ambient air, Ti and Ta, respectively, 

are the water temperature in the tank and the ambient air 

temperature, To, is the outer surface temperature of insulation 

material, , is the emissivity factor of outer surface of insulation 

material which equal 0.04 (Bartl and Baranek,  2004; Holman, 

2010) and , , is the Stefan–Boltzmann constant, 5.67 x 10–8 

W/m2 K4. The heat transfer coefficient, h, can be determined 

from the following equations (Holman, 2010): 
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h =   Nu  

eL

k , W/m
2
 K         (9) 

Where:- Le = Effective length =ri 

For laminar flow regime (Gr Pr) ranges from 10
4
 to 

10
9
   

Nu =   0.53 (Gr  Pr)
0.25

   (10) 

For Turbulent flow regime (Gr Pr) ranges from >10
9
 

to 10
12

 

Nu =   0.13 (Gr Pr)
1/3

   (11) 

Gr =   
2

ao
3
e )TT(Lg



   (12) 

Where, Nu, is the Nusselt number, k, thermal conductivity of air, le, is 

the effective length of the tank (characteristics dimension), 

Gr, is the Grashof number, Pr, is the Prandtl number, g, is 

the gravitational force, , is the extensibility coefficient, 

and, µ, is the viscosity of fluid. The physical properties of 

water and air at atmospheric pressure are listed in Table 

(1). Table (2) listed the input values and coefficients that 

used in the calculation of model.  These physical properties 

can be determined at film temperature, Tf, which varied 

from time to time according to the outer surface 

temperature of insulation material (To) and the ambient air 

temperature (Ta) as follows: 

Tf =   
2

TT ao  ,  K  (13) 

 =   

fT

1 ,  K
 – 1 

  (14) 

Table 1. Some physical properties of water and air at 

atmospheric pressure  

Water Air 

T 

K 

  

kg/ 

m3 

Cp 

J/kg  

K 

µ 

m2/s 

x10 – 7 

K 

W/m  

K 

Pr 
T 

K 

µ 

m2/s 

x10 – 5 

K 

W/m   

K 

Pr 

303 997.6 4180.1 8.320 0.6125 5.68 300 1.568 0.02624 0.708 

313 994.6 4178.4 6.580 0.6280 4.34 325 1.828 0.02814 0.703 

323 990.1 4181.4 5.680 0.6395 3.68 350 2.076 0.03003 0.697 

333 985.5 4184.3 4.780 0.6510 3.02 375 2.333 0.03184 0.693 

343 979.8 4190.4 4.21 0.6595 2.62 400 2.590 0.03365 0.689 

353 974.1 4196.4 3.640 0.6680 2.22 425 2.738 0.03536 0.686 

363 967.4 4206.3 3.290 0.6740 1.98 450 2.886 0.03707 0.683 

373 960.6 4216.1 2.940 0.6800 1.74 475 3.338 0.03873 0.682 

383 953.0 4233.1 2.710 0.6825 1.60 500 3.790 0.04038 0.680 
(Eckert and Drake, 1972) 

Table 2. Input values and coefficients used in the model 
Sample The Value 
ri 0.15 
ro 0.151 
rs 201 
Li 1.00 
Ls 1.051 
k 73.00 W/m  K (Holman,2010) 
 

RESULTS AND DISCUSSION 
 

The obtained data from the experimental work were 

collected and analyzed through the process of heat energy 

loss and lower temperatures for the four treatments and the 

results were as follows: 

The change in temperature with time for the four 

treatments and the lower temperature which reach to a quasi-

equilibrium with the ambient temperature was plotted in Fig. 

(3). The surface temperatures for the four treatments (krino 

with 50, 60, and 70 kg/m
3
) reached to the ambient air 

temperature within 23, 21, and 15 hours, respectively, while 

the surface temperature of fiber glass reached to the ambient 

air temperature within 35 hours. The ambient air temperature 

during the experimental work was ranged between 27.5 – 

37°C. The thermal conductivity (k) for the four different 

samples is shown in Fig. (4). It reveals that the lowest value 

of thermal conductivity was achieved from the lowest 

density sample (50 kg/m
3
). In addition, the thermal 

conductivity was linearly increased with temperature 

especially in the lowest density sample. The maximum 

change in thermal conductivity with temperature was 67.5, 

52, 54.7 and 40.5% for the four different samples (glass 

wool, krino with 50, 60, and 70 kg/m
3
), respectively 

 

 
Fig. 3. Change in surface temperature versus time 

 
Fig. 4. Thermal conductivity (k) at different temperature 
 

The changes in thermal conductivity with different 

densities are revealed in Fig. (5) and in Table (3). It 

evidently clarified that at constant density, thermal 

conductivity increases with increasing the temperature. 

Similar behavior of the thermal conductivity change with 

the temperature and density of the insulation materials 

made of wood (Suleiman et al., 1999), made of rice straw 

(Wei et al., 2015), and made from the fibers and Krino of 

date palm trees surface (Ali and  Alabdulkarem, 2017).  
 

 
Fig. 5. Thermal conductivity (k) at different density. 
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Table 3. Thermal conductivity (k) at different density and different temperature  

Sample 
K (W/m K) at 

T = 303,K 

K (W/m K) at 

T = 313, K 

K (W/m K) at 

T = 323, K 

K (W/m K) at 

T = 333, K 

K (W/m K) at 

T = 343, K 

K (W/m K) at 

T = 353, K 

Krino 0.7 0.153 0.157 0.169 0.178 0.181 0.19 

Krino 0.6 0.14 0.14 0.143 0.15 0.153 0.155 

Krino 0.5 0.0954 0.0956 0.0958 0.106 0.109 0.111 
 

The linear equations and the coefficient of 

determination for the four different samples are listed in 

Table (4). The values of thermal conductivity were 

functioned to calculate the heat transfer coefficient with the 

temperature change of stored liquid (water) for the four 

treatments.  
 

Table 4. The linear l equations of thermal conductivity 

coefficient and the coefficient of determination 

for the four different treatments  

R
2
 Linearl equations Sample 

0.8961 k = 0.000005 T + 0.076 Glass wool 

0.8115 k =0.0004 T + 0.0788 Krino 50 

0.9481 k = 0.0004 T + 0.1268 Krino 60 

0.9679 k = 0.0008 T + 0.1263 Krino 70 
 

CONCLUSION 
 

Thermal conductivity tests and thermal properties 

analysis are executed for some specimens made of date 

palm trees leaves (krino). The thermal conductivity test 

shows that the thermal conductivity coefficient of the krino 

insulation material for the three different densities is 

ranged between 0.0954 and 0.190 W/m-K. The date palm 

trees leaves (krino) are applicable to use as a thermal 

insulation for cylindrical tanks instead of the glass wool.  

The experimental work was conducted under the 

laboratory air conditions, so further experimental work 

must be carried out under different weather conditions to 

study the effect of different ambient air temperature, 

relatively humidity, intensity of solar radiation and air 

speed blowing over the water tanks.  
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 سل حراري مادة عك إلستغاللها الخىاص الحرارٌت لسعف النخٍل )كرٌنى(
  سمٍره شلبً قاسم ومؤمن فرحاث السٍذ زاٌذ ، ناصر مصطفى عبذ الرحمن العشماوي

 القاهرة –الذقً  –معهذ بحىث الهنذست السراعٍت 

 
راد أهُّخ وجُشح ٌٍؾفبظ عًٍ اٌطبلخ اٌّخضٔخ واٌؾفبظ عًٍ دسعبد اٌؾشاسح فٍ اٌزجشَذ أو اٌزسخُٓ ، وّب رّضً رىٍفخ رعزجش اٌّىاد اٌعبصٌخ 

اٌّىاد اٌعبصٌخ عضء وجُش ِٓ رىبٌُف اٌظُبٔخ واالطالػ ؽُش َغت اسزجذاي اٌعضي ) اٌظىف اٌضعبعٍ( وً ِذح صُِٕخ ِٓ االسزخذاَ ؽُش رّزض 

ي ٌهب ورظجؼ غُش رو فبئذح وّب َزُ رغُشهب عٕذِب رجزً  ثبٌّبء فزٕعذَ فبئذرهب، ِّب َضَذ ِٓ رىبٌُف اٌظُبٔخ ، وّب َعزجش اٌشطىثخ فزٕخفغ لُّخ اٌعض

أِب األٌُبف اٌطجُعُخ وّبدح خبَ طذَمخ  اٌزخٍض ِٕهب ِشىٍخ ثُئُخ وجُشح وخظىطب االٌُبف اٌضعبعُخ َعزجش رؾٍٍهب طعت ورّضً ِشىً ثُئُخ وجُشح.

ِعظُ االسزخذاِبد وِٕهب اٌعضي اٌؾشاسٌ فهٍ سهٍخ اٌزؾًٍ اٌجُئٍ ِّب َشغع عًٍ اسزخذاِهب فٍ طٕبعبد وضُشح، ورعزجش اٌّزجمُبد ٌٍجُئخ فٍ 

ٍ اٌضساعُخ وّىاد سهٍخ اٌزؾًٍ وٍهب طذَمخ ٌٍجُئخ فٍ ؽبٌخ اسزخذاِهب فٍ طٕبعبد رؾىٍَُخ، وعًٍ اٌعىس عذَ اسزخذاَ اٌّزجمُبد اٌضساعُخ ف

ورعزجش ِزجمُبد  ُخ َّضً ِشىٍخ ثُئُخ وجُشح ؽُش َزُ اٌزخٍض ِٓ ِعظّهب ثبٌؾشق اٌّجبشش ِّب َسجت ِشىٍخ ثُئُخ ورٍىس ثُئٍ وجُش.طٕبعبد رؾىٍَ

وغُ سٕىَب وعذد إٌخًُ فٍ  22إٌخًُ  ِٓ اٌّزجمُبد اٌّهّخ واٌىجُشح وخظىطب فٍ ِظش واٌذوي اٌعشثُخ ؽُش رٕزظ إٌخٍخ اٌىاؽذٖ أوضش ِٓ 

ٍُِىْ ٔخٍخ، واطجؾذ هزٖ اٌّزجمُبد رّضً ِشىٍخ ثُئُخ وجُشح وٍِىصخ ٌٍجُئخ ثعذ أخفبع اٌظٕبعبد اٌُذوَخ اٌزٍ وبٔذ لبئّخ  11 ِظش أوضش ِٓ

الص ِىاد  عًٍ هزٖ اٌّزجمُبد، وهزٖ اٌّزجمُبد غُٕخ ثبٌسٍٍُىص و اٌسىشَبد وعٕبطش ِهّخ وضُشح َّىٓ االسزفبدح ِٕهب ثبٌظٕبعبد اٌزؾىٍَُخ أو اسزخ

 عُخ ِهّخ ِّب َعُذ عًٍ اٌّضاسعُٓ ثفىائذ إلزظبدَخ وجُشح ثذال ِٓ ؽشلهب وّب أْ رظُٕعهب سىف َخٍض اٌّغزّع ِٓ ِشىٍخ رٍىس ثُئٍ.طجُ

ٌٍ لً اٌىشَٕى َعزجش أؽذ ِزجمُبد عشَذ وخىص إٌخًُ وَسزخذَ فٍ رٕغُذ األصبس إٌّضٌٍ ، وِع ظهىس األسفٕظ وسهىٌخ اسزخذاِخ فٍ األصبس إٌّض

% ِٓ  10اَ اٌىشَٕى وضُش ِّب ععٍخ َّضً ِشىٍخ ثُئُخ وجُشح ، وَعزجش اٌىشَٕى ِٓ ِزجمُبد إٌخًُ اٌزٍ رؾزىٌ عًٍ ٔسجخ وجُشح رضَذ عٓ اسزخذ

 -اعشَذ اٌزغبسة فٍ ِعًّ اٌغبص اٌؾُىٌ اٌسٍٍُىص ِّب َزُؼ اٌفشطخ فٍ اسزخذاِهب فٍ ِغبالد وضُشح ِضً اٌعضي اٌؾشاسٌ و اٌزجشَذ اٌزجخُشٌ. 

. ٌزؾمُك هذف هزا اٌجؾش، رُ رظُٕع أسثع خضأبد ِٓ 2012اإلسىٕذسَخ ، خالي شهش أغسطس عبَ  -ِؾطخ اخزجبساد اٌغشاس واِالد اٌظجبؽُخ

سُ ، وِغٍمخ ِٓ وال اٌغبٔجُٓ ، وهٕبن ِذخً وِخشط ٌٍُّبٖ فٍ وسظ اٌغبٔجُٓ. رُ عضي  20سُ  وطىٌهب  30ُِ و لطشهب  1طبط األسىد ، سّه 

سُ ، ورُ عضي اٌخضاْ اٌشاثع ثىاسطخ  2( وسّه 3وغُ / َ  10،  00،  20ٔبد ثبسزخذاَ اٌىشَٕى ، ثضالس وضبفبد ِخزٍفخ ِٓ اٌعضي )صالس خضا

ِٓ أهُ ٔزبئظ اخزجبس اٌّىطٍُخ اٌؾشاسَخ أْ ِعبًِ اٌزىطًُ اٌؾشاسٌ ٌٍىشَٕى َعزّذ عًٍ اٌىضبفخ ودسعخ اٌؾشاسح  سُ. 2اٌظىف اٌضعبعٍ ثسّه 

وغُ / َ 20ً وضبفخ هً ووبٔذ أفض
3

 0.190 – 0.0954، ووبٔذ اٌمُُ اٌذُٔب واٌمظىي ٌّعبًِ اٌزىطًُ اٌؾشاسٌ ٌٍّعبِالد اٌضالصخ  

W/m.K).)   
 


