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RESEARCH HIGHLIGHTS (Sagbansua L., Balo F., 2016)
*The green insulation materials are developed by using C, FA, P, and MCO.
*Abrasion resistance and density properties are determined.
*Compressive and tensile strengths are evaluated based on Turkish Earthquake Code.
*k values of obtained samples are assessed in accordance with isolation index.
*The temperature distribution of MCO-based walls is compared with various wall types
within a simulation model developed
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Abstract
The sustainable materials back the trio of economy, environment, and energy because as a renewable
source it has numerous positive affects on employment and it fuels the economic activities in the world.
The building materials can be produced from sustainable sources recycled, re-used or harmlessly disposed
on end use. In this paper, the thermal and mechanical characteristics of the insulation materials obtained
from different waste (fly ash-FA) and natural (modified corn oil-MCO, perlite-P and clay-C) raw
materials, as sustainable building wall’s components are analyzed within the framework of a simulation
model developed for the purpose of this research. A novel bio-composite material is obtained from these
materials as its components. These materials’ suitability as insulation materials for sustainable buildings is
investigated through a software programme. For the period of January in Ankara province, the
temperature distributions of the diverse wall types insulated together with only the Modified Corn Oil
(MCO)-based block wall are evaluated with heat flow formulations by the ANSYS software programme.
For this simulation, the construction-insulation material produced with the lowest thermal conductivity
coefficient is applied to the diverse wall surfaces. This sustainable material’s practicability is evaluated. It
can be concluded that using fly ash-modified corn oil-perlite-clay in the specimen, allows obtaining a
biocomposite with good mechanical and thermal characteristics, which can be used in structural
components as a novel renewable material for energy performance in construction industry.
Keywords: Thermo-mechanical properties, vegetable oil, sustainable building, clean material, ANSYS
software
1-Introduction
1.1-Literature Review
The primary aims of sustainable building design are to decrease depletion of critical sources such as water,
energy, and crude materials, compose plan environments that are productive and safe, and hinder
environmental degradation reasoned by means of infrastructure via their life-cycle. By this means, the use
of renewable materials at constructions is becoming essential for sustainable progress [1]. The
implementation of organic-based materials has increased significantly as a result of the growing demand
to preserve energy, combine construction and architecture into renewable progression, perform organicbased materials, and the promulgated discussions on suitable disposal of used insulation materials such as
XPS, EPS, PUR. For this reason, the need for these sustainable construction materials is increasing
sharply, especially building materials from waste-natural sources. Increasing standards of living, growth
of population, and rising urbanization because of industrial developments have increased the amount of a
range of wastes produced by agricultural, industrial, domestic, and mining activities. Over a very long
time, utilization of natural materials and recycling of waste materials in construction implementations
have made significant progress. In this area, individual and combined use of clay, fly ash, perlite,
vegetable oil, etc. in building materials displays numerous instances of the achievement of research. The
Flay Ash (FA) is obtained as by-product from coal combustion at energy stations and municipal waste
incinerators. It is a greatly disbandable powder. The FA includes primary ferriferrous small spherical
grains and aluminosilicate (appromaxietely 60%-80%) and unburned metamorphic fuel, mullite quartz,
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and amorphous clay’s irregularly formed particles [2, 3]. For portland cement, it is often performed in
concrete as a cost-efficient replacement. The FA’s pozzolanic structure positively impacts the strength of
composite, and its glassy spherical grains make the composite blend more effective [4]. Tanriverdi and
Cicek also determined the FA’s positive effect on the strength of composite material [5]. Durán et al.
İnvestigated the potency profits of the general effect of fly ash (FA) and a high-ratio polycarboxylate
plasticizer in the manufacture of conventional concrete [6]. Govindan et al. analysed with multi criteria
decision making methodology at sustainable construction material choice for buildings [7]. Aydin et al.
developed different building materials with fly ash [8-10]. Lothenbach et. al. manufactured cementitious
materials based on fly ash [11]. For new building solutions, Samani et al studied sustainable materials
[12]. Clay (C) has similar physical and chemical properties to FA. It is an inexpensive raw material
available in abundant quantities in the World [13]. C ensures a healthy and sustainable option to
conventional materials in both low rise load-bearing and non-load-bearing implementations [14].
Environmental profits include lower embodied energy, regulation of humidity, and thermal mass [15].
Diverse type of clays arised to have basically diverse affects on both strength and workability. That is, the
structural and chemical properties of C during diverse process temperatures usually fix durability and
mechanical strength of composite material obtained at diverse proportions [16, 17]. The Perlite (P) is
comprehensively used in the industrial, construction (concrete and plaster), horticultural, insulation
(underfloor insulation and loose fill), petrochemical, and chemical industries. It is a material siliceous
volcanic glass. Its volume can increase extensively under the affect of heat. P is appropriate to produce
insulative, fire resistant, lightweight and acoustic building materials [18]. The vegetable oils from diverse
bio-based resources (for example; cottonseed, corn, soybean, rapeseed…) are one of the most significant
sources for manufacturing plastic-based materials. The primary components of these oils are composed of
esters–triglycerides of three diverse fatty acids surround a glycerol center. These fatty acids can be used to
synthesize a few diverse monomers for utilization in structural composite materials applications. Because
of their inherent good biodegradability, sustainability, low price, universal availability, high mechanical
properties and shape memory effect, these oils is a field of growing attraction for both industrial and
academic research as versatile chemicals for composite materials [19-21]. The Corn Oil (CO) is one of the
the most effective, inexpensive, and widely attainable vegetable oils. Because of high unsaturation degree
in CO with C-C double bonds, CO has potential to copolymerize it with diverse monomers. It has three
differnt fatty acid side chains consisting linoleic acid, linolenic acid, and oleic acid [22]. By
hydroxylation, the CO can activate polyol transformation by means of a modified progression on
epoxidation [23]. The modified corn oil obtained in this form can be used to produce polymer composite
materials with good coating characteristics, mechanical strength, and thermal stability [24]. Sagbansua et
al. investigated sustainable insulation materials based on modified corn oil for green strategy in
construction [25] and conducted multi-criterial analysis on choosing epoxidized vegetable oils for plastic
manufacturing-insulation material [26]. In the literature, there are several papers on various epoxidized
vegetable oils, perlite, C, and FA. Balo et al. produced construction-insulation materials with C-FA-biobased oils (linseed, sunflower, olive, palm, soybean, castor, tall, and canola) and investigated the
mechanical, technical, and thermal properties of these composite materials. Low thermal conductivity was
obtained by increasing FA and bio-based oil ratios. Consequently, density, compressive strength, and
abrasion strength were reported to be decreasing as a result. On the other hand, increasing C ratio causes
inverse effects on the above [27-37]. The minimum thermal conductivity coefficient of 0.273 W/mK was
determined with the specimens based on modified soybean oil + FA + C. It increased with diminish of
modified soybean oil and FA. The tensile and compressive strengths changed from 1.287 to 0.879 MPa
and 13.53 to 6.31 MPa, respectively [32]. The impact of C, FA, expanded perlite, and modified linseed oil
on the mechanical and thermal properties of construction materials were investigated by Balo et al. The
tensile and compressive strengths changed from 8.38 to 1.013 and 10.01 to1.107 MPa MPa, respectively.
The minimum thermal conductivity value of 0.313 W/mK was reported for the specimen [35]. The Queralt
et al. mix sintered C and FA to produce ceramical composite materials suitable for use as stoneware,
tiling, paving, and bricks [38]. Ebeoglugil and Ceylan used C and P to manufacture lightweight building
materials with good thermal and mechanical characteristics according to TS 699 and TS EN 771-3
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standards and searched the properties of these materials [39]. Larock and Gallacher developed bioplastic
composites by both free radical and cationic copolymerization of corn and soy oils plus diverse cheap
fillers [40]. Larock and Sheares produced a remarkable variation of exciting novel adhesive, rubber,
plastic, and elastomeric materials by polymerizing corn and soy oils. With sustainable corn oil, cheap,
environmentally friendly and economical materials are obtained. Additionally, the novel composite
materials provided mechanical, physical, and thermal properties that are not presently available in
classical petrol-based plastics [41].
1.2- Sustainability Problem
One of the biggest challenges in introducing new building material is the sustainability issue which refers
to not only the financial figures but also the environmental results. Although there is considerable amount
of research on the implementation of various organic materials, there is still much to do in terms of
developing hybrid materials from renewable sources that will ensure both environmental safety and
financial feasibility while meeting the industrial standards.
The purpose of this paper is to analyze the thermal and physical performances of novel constructioninsulation materials with lower thermal conductivity coefficient to diminish thermal conduction into
building to decrease the energy source consumption. The ecological-economical green materials are
produced with formulations containing diverse amounts of P, C, FA, and MCO raw materials for three
diverse process temperatures. MCO is used as a binder in the new composite material in this research. The
abrasion loss, k coefficient, and the tensile-compressive strengths of specimens produced are measured.
For January time period in Ankara province, the diverse wall types with insulation are compared to MCObased wall with insulation by ANSYS software programme according to the temperature distrubutions.
And then, the specimen with the lowest thermal conductivity coefficient is analyzed as MCO-based block
wall at diverse thicknesses (at 25, 50 and 75mm). The temperature distributions of all these walls are
analysed by ANSYS software simulation. As a result of these analyses, the construction-insulation
materials produced are investigated to contribute people both in terms of health and energy efficiency at
buildings as ecological-economical-natural alternative.
2- Experimental study
2.1- Materials
MCO, C, FA, and P were used as crude material to make the insulation material. FA which was obtained
from Afsin-Elbistan Power Plant in Maras can be grouped as Class-C (with respect to ASTM C618)
because of this material’s chemical content. Thermal conductivity coefficient and density values are
0.511W/mK and 1.5 g/cm3, respectively). C (thermal conductivity coefficient and density values are 0.93
W/mK and 2.24 g/cm3, respectively) and P were obtained from Elazig (around Sarıyakup village), and
Izper Company in Izmir in Turkey, respectively. Table 1 and Table 2 display the crude materials’
chemical content in this paper and the physical characteristics of P, respectively.
The MCO was obtained from Konsan Inc. (Adana, Turkey). The chemical structure of MCO is displayed
in Fig. 1. The chemical and general properties of the MCO used in this paper are displayed in Table 3.
2.2- Preparation of the specimens
As main crude materials, P, C, and FA were used to prepare the specimens. The percentage weights of C
and FA in the specimens were 60, 50, 40, and 30% of the total crude material mass. The percentage of the
mass was 10% for all mixtures. MCO was added into the mass as binder in all specimens. MCO
percentages in the final mixtures were chosen to be 40, 45, and 50%. Total mixing with MCO was
adjusted so as to obtain mixtures that can be physically worked on because the crude material mass cannot
be bound together at lower MCO rates while the mass becomes a mud at higher MCO rates. The standard
temperatures and mixture structures were obtained from the preliminary studies. The mix ratios for the
specimens were given in Table 4. Precautions were taken to supply full compaction and homogeneity.
This is done by first dry-mixing both the FA-C and P in a laboratory mixer. Then, the mixtures including
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MCO were produced in a laboratory mixer with counter-current for a total of 7 minutes. For each of the
mixtures, one specimen of prism shape (150 x 60 x 20 mm) and three specimens of cube shape (100 x 100
x 100 mm) were prepared. After casting, the full compaction of the specimens was obtained from
vibration. All 36 specimens were finished by a towel. The prism (150x60x20mm) specimens were casted
to obtain the thermal conductivity coefficient of the specimen. The standard 100 mm3 cube specimens
were used to obtain abrasion loss and compressive strength values. Using one of the three diverse
processing temperatures, the unfired specimens were produced in the electricity oven. First, the specimens
were heated at 100 oC for 10 hours and then these specimens were heated at 180, 200, and 220 oC for 8
hours in an oven. Three different temperature levels were used because at lower processing temperatures
than 180 oC, the specimens do not completely dry at the simultaneously. When processing temperature
exceeds the 220 oC, the specimen deformation begins, composite’s structure starts to crack, and partial
fracture in specimen can be observed. The thirty six diverse conclusions were determined for the twelve
specimens at three different processing temperatures. The various bio-compositions of 100 wt% FA-C-P
volume were sustained throughout the groups of specimen mixtures. 100 wt% structures of C, FA, and P
were produced by mixing MCO and mixed in predetermined rates to align the suitable moulding similarity
to the required levels. The mix levels of MCO were chosen to obtain suitable moulding values ranging
from 50 to 40, similar to the specimen mixes when treated with an improved volume of specimen. This
volume which imparts suitable moulding consistency to a specimen mix was predetermined from blank
trials. The processing temperatures were determined to obtain the available cases most favourable for the
MCO-C-FA-P specimens in comparison with characteristics of the manufactured composites.
2.3- Experimental procedure
A fast thermal conductivity coefficient-meter (Shotherm-QTM 500 device, Kyoto Electronics
Manufacturing Co., Ltd., Japan) with hot-wire methodology (DIN 51046) was used to gauge aforementioned values as follows: A continuous electricity current was performed to a wire (platinum material)
placed between two specimens. The ratio at which the platinum wire warms up depends on how quickly
heat flows from the platinum wire into the specimen’s continuous temperature mass. The temperature rise
ratio of the wire (platinum material) is exactly obtained by gauging its rise in resistance similar to a
platinum resistivity thermometer that was used. The Fourier formula was used to compute the k value
depending on the power input and the ratio of hot wire’s temperature rise. The k value is obtained by using
Eq. {1} [35].

l 2 ln t 2 t1 
kK
H
V2  V1

(1)

H and K were the constants of the device that were taken as 33.10-3and 252.10-4, respectively. The
temperature, time, precision, reproducibility, and range values of the Shotherm-QTM 500 device are −100
to 1000oC, 100–120s, ±5%, ±5%+1, and 0.02-10 W/mK, respectively. During the heating process constant
electric current is required, thus a variac that adjusts the voltage is used. Each of the measurements is
repeated at three different locations and for three times for each of the specimens. Before measuring their
thermal conductivities, the specimens’ surfaces were sand-papered before measuring their thermal
conductivities. By computing the average of these nine diverse values, the k value was calculated. The hot
wire method has wide applications [43-45] in determining the refractory materials’ thermal conductivity
value where, instead of gauging heat flow, the temperature diversity with time at definite fields was
gauged. This methodology took only several minutes on the contrary of the previous methodologies
involving steady-state conditions.
The strengthening tests were applied in the Construction-Control Laboratories (Elazig, Turkey). The
compressive strength and density (oven-dried) were assessed for each of the specimens using test indexes
determined in the TS 699 (1987) [46] index. The conclusions were performed by using formulas in TS
699 index. By using a compressive testing machine (Beskom BC 100, Turkey) for construction materials,
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the compressive strength of specimens is analyzed. For this machine, the maximal ratio of pressure
performed was 200 t. Conclusions are determined by a computer combined with the compressive stength
test device. By Eq. {2}, the tensile strength of specimens was obtained [47].

FTensile  0.35 Fcompressive

(2)

The abrasion loss value is obtained by volume loss of specimens for each of the groups. By using the
Bohme surface abrasion loss test methodology, abrasion resistance is determined with respect to TS 699
(with Turkish standards). The loss volume of specimens due to the surface abrasion is computed. By using
Eq. {3} (TS 699, 1987), the abrasion losses are obtained.
% Abrasion loss  First mass  Last mass  First mass .100

(3)

3- Results and Discussion
3.1- Density
Density is one of the significant physical characteristics of insulation materials. In this study, the densities
were varied between 1.575 and 1.382 g/cm3. The density’s lowest value, 1.382 g/cm3, was gauged for the
specimen with a 10% P, 60% FA, 30% C rate, and 50% MCO produced at 2200C. For manufactured
specimens, the relationship between density and MCO content at various processing temperatures (180,
200, and 220oC) are displayed in Fig. 2. It can be seen from Fig. 2 that MCO addition reduces the density
value of the specimen. In other words, MCO causes formation of pores at high processing temperatures.
This behavior is related to the the physical and chemical characteristics of MCO at various processing
temperatures. The porosity contributes to lightening of the material. The variation in density is linear due
to the rise in the level of porosity with MCO addition. The density values of the specimens with MCO
content of 50% change between 1.553 and 1.382 g/cm3, while these values range from 1.575 to 1.487
g/cm3 with MCO content of 40%.
The FA’s density is less than that of C; because of this, the specimen density is diminished with a rise in
the FA content. For this reason, the specimens are obtained at the lowest density values with 60% FA and
30% C rates. With 60% FA, 30% C the density value of the specimen with 50% MCO produced at 220oC
decreased by 6.17%, compared to a 1.80% decrease for specimen with 30% FA, 60% C with 50% MCO
produced at 180oC.
As seen in the Fig. 2, the effects of the high processing temperature on the density of the specimen were
positive. In other words, the specimens manufactured at 220oC showed lower density than the specimens
manufactured at 180 oC and 200 oC. For 180oC and 200oC, the density values are increased by 0.95-6.17%
and 0.51-4.22%, respectively, compared to the specimens manufactured at 220oC.
The density of some specimens satisfies the requirements of TS EN 771-3 [48] for a costruction material
used in building implementations, being in the range of 1500-2200 kg/m3 limit values in TS EN 771-3.
3.2- Thermal conductivity
The insulation materials are extensively used to decrease the thermal losses (or gains) from heat systems
like buildings. So, thermal conductivity is the primary property of an insulation material.
In the literature, thermal conductivities are primarily based on the bonding agent content. As indicated in
various researches, the amount of porosity increases at the high processing temperatures. In other words,
the thermal conductivity coefficient rises with specimen’s compactness or rise of density [49]. In this
sudy, the measured average thermal conductivity values of all specimens as a function of FA-MCO at all
temperatures are plotted in Fig. 3. Despite the low rate of diversity of the processing temperature of the
specimens and the variation of mixture, it was well illustrated that the novel insulation specimen
manufactured with MCO-FA-P-C has relatively small k values varying from 0.224 to 0.423 W/mK.
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A linear correlation is obtained between the thermal conductivity and density of the specimens. There are
many papers in the literature showing the relationship between density and k value of various insulation
materials. For instance, Lu-Shu et al. developed experimentally a relationship between the thermal
conductivity and density, and approved that the k rises with rising density value [50]. Additionally, it was
also confirmed that thermal conductivity diminishes because of the decrease of concrete density [51-54].
Every specimen consists of 10% P which decreases the mixtures’ thermal conductivity value as a result of
the P’s porosity structure. In the same way, the thermal conductivity value diminished when the amount of
FA content rised. As expected, the decline in specimen’s thermal conductivity value through FA is most
likely related to the increase of porosity because of additional FA in MCO-C, the smaller specific gravity
of FA, and FA’s amorphous structure, as the crystalline silica’s thermal conductivity value is
approximately 15 times greater than that of amorphous [55], it is organic for the specimens with
amorphous silica to have lesser conductivity [56]. At thermal conductivity, the decreases were too great at
220 oC, but with diminish in processing temperature the percentage of the decline diminished. Declines at
180oC with 50% MCO were 23.05%, 19.94%, and 13.15% for 60%, 50%, and 40% FA, respectively, in
comparison with the corresponding specimens with 30% FA. Reduction rate decreased significantly with
increasing processing temperature. Accordingly, at 220oC with 50% MCO, these values reduced to
42.71%, 36.90%, and 26.07% for 40%, 50%, and 60% FA, respectively.
Similarly, the influence of C was directly proportional to the thermal conductivity; the lower the C, the
lower the thermal conductivity and the lighter is its density. This was because of the C’s low porous
characteristics and high density. From C1 to C9 specimens, the highest thermal conductivities were
determined with the highest C rate and when the FA rate was low. The minimum thermal conductivity
was found for C36 specimen with C content of 30% at 220oC. The thermal conductivity of specimens was
rised by 42.56% with C content of 60% at 220oC when compared to the specimen with C content of 30%
at 220oC
The influence of MCO on k value was important. The k value of specimen decreased with increase of
MCO. The specimens obtained the lowest values of thermal conductivity when the percentage of MCO
was 50% of the specimen. The lesser thermal conductivity of the specimens with high MCO ratio was
presumed to be the results of more porosity structure of the specimens due to the small bond mixing
quality. The maximum thermal conductivity of specimens coded C1, C2, and C3 (Table 4) with 40%,
45%, and 50% MCO produced at 180 oC were 0.423, 0.419, and 0.412 W/mK, respectively. Reductions
for specimens manufactured with 60% FA at 220 oC were 13.27% and 30.86% for 45% and 50% MCO,
respectively when compared to the corresponding specimens with 40% MCO.
The processing temperatures had a major influence on the development of low thermal conductivity
specimens. For all processing temperatures, the thermal conductivity values of specimens diminished with
rise in temperature. The minimal thermal conductivity value of specimens at 180, 200, and 220oC were
obtained as 0.317 (specimen code: C30), 0.278 (specimen code: C33) and 0.224 (specimen code: C36)
W/mK, respectively. The lowest value of thermal conductivity, 0.224 W/mK, was obtained for the
specimen with 10% P, 60% FA, 30% C rate and 50% MCO produced at 220°C. At 200°C and 180°C, the
thermal conductivity values of the specimens with 10% P, 60% FA, 30% C rate and 50% MCO rised to
29.33% and 19.42%, respectively, compared to the specimen with 10% P, 60% FA, 30% C rate and 50%
MCO produced at 220oC. The maximum thermal conductivity value of 0.423 W/mK, was determined for
the specimen (specimen code: C1) with 10% P, 30% FA, 60% C rate and 40% MCO produced at 180oC.
The specimens’ thermal conductivity was decreased by 1.41–12.30% at 200°C and 2.36-29.33% at 220°C,
respectively, in comparison to the specimens produced at 180°C. Finally, the increasing process
temperature resulted in the decrease on thermal conductivity and the rise in porosity.
According to ASTMC 332- 9 (2002) indexes, the restriction on insulating light construction material is
0.430 W/mK for maximal furnice dry density 1440 kg/m3. As a conclusion, many specimens
manufactured were clearly below these limits, and the specimen used was appropriate for production of
insulating lightweight material. Thermal conductivity values of some groups in insulation materials were
currently used [38] and the most frequently used specimens with MCO/FA/C/P were displayed in Table 5.
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It can be seen in Table 5 that the thermal conductivity value of insulation materials obtained from MCO,
FA, C, and P are lower than most of the numerical values found in TSE standards.
3.3- Compressive strength
The compressive strength value is the most significant characteristic of construction materials and is
regarded to be the characteristic material value for the classification of concrete. Other characteristics such
as durability, water tightness, elasticity modulus, flexural strength, and tensile strength are all related to
compressive strength closely [57]. Accordingly, compressive strength is a major indicator of general
quality control. The main factors influencing the compressive strength of construction material include the
mixture proportion, the types and quality of materials, the construction methods, the test method, and the
curing condition.
In this study, the mix design of specimens using MCO as binder resulted in acceptable compressive
strength values. The compressive strength of novel insulation materials that are developed using different
combinations of MCO-FA-C is shown in Fig. 4. As expected, there was improvement in compressive
strength with higher C and lower MCO-FA levels. Additionally, C has a major impact on the
improvement of the compressive strength values at all temperatures. The compressive strength of
specimens increased rapidly from 6.95 to 9.53 MPa with increase in C content from 30 to 60%. The
compressive strength of the specimen (specimen code: C1) manufactured with 10% P, 30% FA, 60% C
rates, and 40% MCO produced at 180oC, was 9.53 MPa. At the same temperature and MCO percentage,
the compressive strength values are reduced by 1.25, 3.25, and 6.40% when 30, 40, and 50% C levels
were used. Similarly, the compressive strength of the specimen (Specimen code: C36) manufactured with
10% P, 60% FA, 30% C, and 50% MCO at 220oC, was 6.95 MPa. For 40, 50 and 60% C levels at the
same temperature, the compressive strength increases by 10.78, 16.76, and 21.11%, respectively in
comparison to the C36.
The compressive strength values of 180 oC group specimens were significantly higher than that of 200 and
220oC group specimens. The compressive strength varied from 8.28 to 9.53 MPa at 180oC. To put it
briefly, specimen C1 had the highest compressive strength value at 180oC. The compressive strength of
specimens was decreased about 1.15- 7.60% at 200oC and 1.99-16.06% at 220oC when compared to the
specimens produced at 180oC. Compressive strength losses were approximately 13% for all series of
specimens due to the high temperature effect. In connection with processing temperature, compressive
strength evolution correlates to microstructural changes in the specimens, including increasing porosity.
An increase in the quantity of FA leaded to a decrease in the compressive strength of the specimens. The
pozzolanic and atomic structure of FA cause the chemical structure of specimen to be become more
pozzolanic with temperature increases. The pozzolanic effect of the FA occuring between 200 oC and
220oC tended to reduce the compressive strength of the specimens further compared to 180oC processing
temperature. This way, specimens containing 60% FA display less compressive strength than specimens
containing 30% FA at high processing temperatures. The specimen (specimen code: C1) with 30% FA and
40% MCO produced at 180 oC showed 27.07% higher compressive strength value than specimen
(specimen code: C36) manufactured with 60% FA and 50% MCO produced at 220 oC. According to the
results, the highest compressive strength values for specimens were obtained between 30% and 40% FA
ratios at all the processing temperatures.
The influence of MCO on compressive strength was also signiﬁcant. Results showed that the compressive
strengths values are reversely proportionate with the MCO content in the specimens. Specimens with 30%
FA, 60% C, 10% P, and 40% MCO produced at 180, 200 and 220oC have maximal compressive strengths
of 9.53, 9.42, and 9.34, respectively. For the specimens with code C1, C4, and C7, the highest
compressive strengths are determined with the lowest MCO ratio (40%) when the C rate was high (60%).
Specifically, the compressive strength of specimen (Specimen code: C1) with 30% FA, 60% C, 10% P,
and 40% MCO produced at 180oC is the highest, approximately 2.72% higher than that of specimen
(Specimen code: C3) with 60% C, 30% FA, 10% P, and 50% MCO produced at 180oC. The minimum
compressive strength (6.95 MPa) is obtained for C36 specimen with MCO content of 50%. For this
specimen, the compressive strength values rised by 6.31-17.32% with MCO content of 45% at 200°C and
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8.39-25.79% with EZO content of 40% at 200°C. From this point of view, it is obvious that the porosity
plays important roles on compressive strength. The obtained strength evolution reveals the characteristics
of the pozzolanic reaction.
The specimens with MCO/FA/C/P were lighter than normal concrete. With respect to the Turkish
earthquake code [58], the loadbearing wall materials used in buildings should be at least 5 MPa of
compressive strength. The minimal compressive strength was also determined to be 2.4 MPa for vertical
hollowed light ventilating specimen (0.7 class and I-Type) with respect to TSE standards [59]. In this case,
all of the specimens manufactured from 9.53 MPa to 6.95 MPa (expect for BC15) provided the essential
compressive strength.
3.4- Tensile strength
The tensile strength is calculated using the value of compressive strength as shown in Equation 2. The
values obtained are shown in Fig. 5. The interpretation of the graphs affiliated with the tensile strength is
akin to the compressive strength value. The tensile strengths ranged from 1.080 to 0.909MPa.
3.5- Abrasion Loss
The reason for investigation of abrasion loss of specimens is to gain insight about porosity ratio of the
material and ensure whether the bio-composite as a light-weight block satisfies the TS 699 standards on
construction materials. The abrasion loss value of specimen depends on the properties of raw materials.
The specimen made with raw materials having higher porosity has lower abrasion resistance compared to
specimens made with raw materials having lower porosity. However, no direct correlation exists between
the porosity of raw materials and the abrasion resistance of the specimens. Porosity of specimen and the
contiguity field of specimen are interrelated. The higher porosity means in less contiguity field. Therefore,
the higher strength applied on the contiguity field causes faster abrasion loss on materials with higher
porosity. Fig. 6 illustrates the relationship between the percentage abrasion loss and the percentage MCO
replacement.
Replacement of FA raises the surface abrasion in all processing temperatures. For lower substitution rates
of FA such as 30% and 40%, porosity was not high and the contiguity field was sufficient to diminish the
strength on the surface. All the same, at the high substitution rates of FA such as 50% and 60%, porosity
rised and the strength of specimen decreased. The highest value of abrasion loss was obtained at the
specimen (specimen code: C36) manufactured with 60% FA, 30% C, 10% P, and 50% MCO produced at
220°C as 4.54%. For 30, 40, and 50% FA, the decreases in abrasion loss were 40.08, 29.95, and 17.18%,
respectively, in comparison with the corresponding specimen with 60% FA and 50% MCO produced at
220°C. The lowest value of abrasion loss is obtained for the specimen (specimen code: C1) manufactured
with 30% FA, 60% C, 10% P, and 40% MCO produced at 180°C as 0.68%. The inreases in abrasion loss
induced by 40, 50, and 60% FA were 5.55, 15.00, and 27.65% in comparison with the corresponding
specimen with 30% FA and 40% MCO produced at 180°C, respectively.
MCO and FA showed similar behaviour for surface abrasion. The specimens manufactured with 40%
MCO for all three processing temperature categories showed the best performances against the surface
abrasion. The abrasion loss of specimens was rised about 8.10–21.66% for specimen manufactured with
45% MCO and 21.83-41.97% for specimen manufactured with 50% MCO when compared to the
specimens manufactured with 40% MCO at 180°C.
The porosity content of C was greatly lower than FA and it showed better abrasion resistance performance
than FA. This can be attributed to the stronger and denser specimen (specimen with higher C ratio)
resulting from low pozzolanic additions. This incorporation of low pozzolanic raw materials (for example;
C) in specimen mix improved the abrasion resistance of resulting specimen with maximum benefits. The
lowest value of abrasion loss (1.25%) is measured for the specimen with 60% C and 40% MCO produced
at 200°C. For the specimen with 30% C and 50% MCO produced at 200°C, the abrasion loss value of
specimens increased about 55.51% in comparison with the corresponding specimen with 60% C and 40%
MCO produced at 200°C, respectively. Hence, loss of mass decreased lightly for high substitution rates of
C and it rised again for low substitution rates of C.
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180oC series showed the best performance while 220oC series showed the worst performance against the
surface abrasion. For specimen manufactured with 45% MCO produced at 180oC, the highest value of
abrasion loss was 1.20% (specimen code: C29) whereas it rised to 2.18% (specimen code: C32) and
3.73% (specimen code: C35) at 200°C and 220°C, respectively. That means; increasing the processing
temperature would raise the porosity of the specimen. When the porosity ratio was rised, a high abrasion
loss was obtained due to the surface abrasion.
Abrasion resistance is related to compressive strength of specimen. There are searches [60, 61] about
compressive strength and abrasion resistance. When FA exists in high ratios in specimen, compressive
strength is decreased. It is known that the compressive strength decreases as rate is raised [62]. Therefore,
the conclusions drawn from this paper are consistent with the conclusions available in the literature.
Further, the results of this investigation show that raw material porosity directly influences the thermal
conductivity, abrasion resistance, tensile strength, and compressive strength of specimen.
4- The simulation of the insulated classical walls and the MCO-based construction wall by ANSYS
With the help of ANSYS simulation, it is aimed to compare the performances of MCO-based homogenous
and heterogeneous external walls with the various classical wall types using the obtained temperature
distributions. EPS is preferred as the insulation material due to its wide applicability.
ANSYS is a simulation software used in solving challenging product engineering problems. It is used after
the design stage of the products and gives a chance to test them before producing the prototype. It helps
improving the design by enabling the analysis of the product in terms of strength, mechanics, and
vibration with the help of 3 dimensional simulations of the parts and their assembly. ANSYS operates by
dividing the part to be investigated into many smaller elements.
The thermal conductivity coefficient U for external wall that contains an insulation layer is given by

U

1
Ri  Rw  Rins  Ro

(4)

where Rw is sum of wall’s thermal resistances without insulation, Ro and Ri are the outside and inside
thermal resistances of air-film, respectively. Rins is the insulation layer’s thermal resistance, which is
calculated as below:

Rins 

x
k

(5)

In above formula, k and x are the thermal conductivity and thickness of the insulation material,
respectively. Eq. (4) can be rewritten as below:

U

1
Rwt  Rins

(6)

where Rwt is sum of the thermal resistances of external wall excluding the insulation layer resistance. The
structure of the external walls analyzed with ANSYS is provided in Figure 7.
The thermal losses in constructions mostly occur via air infiltration, floor, ceiling, windows, and external
walls. Thermal flow into the outside wall area can be formulated as below:
4
Qos  ho A(To  Tos )  Aq s  A (T 4  Tsurr
)

(7)
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or

Qos  Qconv  Qs  Qcorrec

(8)

Qos parameter in Eq. (7) shows the correction for the sun ray thermal transfer when the ambient and the
surrounding temperatures are inequal. In this search, it is supposed that the ambient and the surrounding
temperatures are equal. In Eq. (7), α is the sunlight absorption of the outdoor wall surface, q s is the
sunlight flux ray, Tos is the outside wall surface temperature, and To is the outside air temperature. Ts
(solar air temperature) is formulated as below:

Ts  To 

 qs

(9)

ho

Thermal flow into outside surface can be defined as:

Qos  ho A(Ts  Tos )

(10)

Thermal flow ratio from the external wall to the space can be computed by the convective heat transfer
coefficient, indoors design air temperature, and temperature profile at the indoors surface of the external
wall. Thermal flux at the inside wall surface is formulated as below
(11)
Qos  hi A(Ti  Tis )
The outside surface of the external wall is exposed to a time-dependent sun ray and forced convection
boundary conditions, while the inside surface of the external wall is presented to time independent free
convection boundary condition. For the periodic operation regime, the average hourly temperature profile
in the external wall is obtained. The primary indoor design air temperature for winter months is taken to
be 22 ºC, as generally proposed for inside winter comfort. Ankara is classified as third climatic region and
outdoor design temperature is accepted as -12 ºC for winter based on TS 825 national standards [63]. For
the temperature distribution analysis, ANSYS software programme is performed. The material properties
used at ANSYS software programme are given in Table 5. Table 6 shows U values for the wall types
analyzed by ANSYS. For January time period in Ankara province, the temperature distributions of the
external walls insulated with diverse construction materials are displayed in Fig. 8. The temperature
distributions of the sandwich walls insulated with diverse construction materials are shown in Fig. 9.
Among the sandwich and external wall types, the thermal loss of MCO-based walls insulated with EPS are
determined to be somewhat higher than that of the gas concrete wall insulated with EPS in terms of heat
transfer. However, the MCO-based walls insulated with EPS are obtained as much more efficient
compared to brick walls insulated with EPS. The temperature distributions of the MCO-based block walls
without insulation at various thicknesses are illustrated in Fig. 10. The impact of different wall thicknesses
on enegy performance of MCO-based homogenous wall is presented. It is visable that the thermal losses
decrease with increases in temperature in the wall. The thermal transfer via block wall with 25 mm
thickness is higher than that in the block wall with 75 mm thickness. As a result of this, the internal
surface temperature in the MCO-based block wall with 75 mm thickness is greater than that in the MCObased block wall with 25 mm thickness.
5- Conclusions
The purpose of this paper is to analyze the thermal and physical performances of a new constructioninsulation material with lower thermal conductivity coefficient to diminish thermal conduction into
buildings to decrease the energy consumption. Within the scope of this research, the sustainable
construction-insulation materials were produced by waste-natural raw materials. Various mixture ratios of
MCO, FA, C, and P were considered and thirty-six specimens were fabricated at three different processing
temperatures. The thermal-mechanical properties of these insulation materials were analysed. It was
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concluded that the use of MCO (as a binder) and FA (as a puzzolan material) can diminish the thermal
conductivity and produce a lighter building material.
Concerns on sustainability not only refer to energy efficiency of the buildings in terms of preserving the
energy and reducing the energy demand but also to the problem of embodied energy. The comparative
temperature distributions reflect the performance of the new bio-composite material in energy
preservation. Also, as it is stated in section three, the production of new material under investigation
requires less energy since it is produced on rather low temperatures (up to 220°C) which is another
advantage in comparison with alternative building materials. Thus, the new material has the potential of
contributing to the environment by reducing the energy demand while providing a cost advantage which is
vital for sustainability in the long run.
The purpose of this paper is to analyze the thermal and physical performances of novel constructioninsulation materials with lower thermal conductivity coefficient to diminish thermal conduction into
building to decrease the energy source consumption. The ecological-economical green materials are
produced with formulations containing diverse amounts of P, C, FA, and MCO raw materials for three
diverse process temperatures. MCO is used as a binder in the new composite material in this research. The
abrasion loss, k coefficient, and the tensile-compressive strengths of specimens produced are measured.
For January time period in Ankara province, the diverse wall types with insulation are compared to MCObased wall with insulation by ANSYS software programme according to the temperature distrubutions.
And then, the specimen with the lowest thermal conductivity coefficient is analyzed as MCO-based block
wall at diverse thicknesses (at 25, 50 and 75mm). The temperature distributions of all these walls are
analysed by ANSYS software simulation.
Based on the findings of this paper, following conclusions can be drawn:
1- The less thermal conductivity coefficient of specimens will help to prevent the heat transfer into the
buildings and energy loss.
2- The thermal conductivity and strength values diminish with the rise of FA and MCO into mixture.
3- The thermal conductivity value decreases as the density of the specimen decreases. The specimens
produced at low temperatures (160°C and 180°C) display higher density and thermal conductivity values
than the specimens produced at higher temperature (200°C). At all the processing temperatures, the
minimum thermal conductivity and density values are observed for specimens manufactured with a 50%
MCO and 30% C, 60% FA, 10% P rate.
4- By increasing the processing temperatures and MCO-FA ratios, the value of abrasion loss increases.
The compressive-tensile strength and the thermal conductivity decrease. At all levels of replacements,
these values were reversed with the remaining replacement of C.
5- The maximum tensile-compressive strength and minimum abrasion loss occur with 30% FA, 60% C,
10% P, and 40% MCO at all processing temperatures.
6- By ANSYS software simulation, the MCO-based walls are given pretty much practicable results in
comparison with all wall types investigated.
The new bio-composite material can be used as a part of a homogenous wall or a heterogeneous, layered
wall. Figures 7 to 9 present the temperature distributions of the proposed bio-composite material in
various wall types in comparison with brick and gas concrete wall. Among the sandwich and external
wall types, the thermal loss of MCO-based walls insulated with EPS are determined to be higher than that
of the gas concrete wall insulated with EPS in terms of heat transfer. The MCO-based walls insulated with
EPS turned out to be much more efficient compared to brick walls insulated with EPS. The temperature
distributions of the MCO-based block walls without insulation at various thicknesses and the impact of
different wall thicknesses on enegy performance of MCO-based homogenous wall are presented are
presented in Fig. 9 and it shows that the thermal losses decrease with increases in temperature in the wall.
As a result of these analyses, the construction-insulation materials produced are investigated to contribute
people both in terms of health and energy efficiency at buildings as ecological-economical-natural
alternative.
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Fig. 1 The chemical structure of MCO
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(c)

Fig. 2. The density-MCO percentages in the specimens
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Fig. 3. The thermal conductivity - MCO percentages in the specimens
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Fig. 4. The compressive strength - MCO percentages in the specimens
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Fig. 5. The tensile strength - MCO percentages in the specimens
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(a)

(b)

(c)
Fig. 6. The abrasion loss - MCO percentages in the specimens

(a)
(b)
Fig. 7. The structure of the external walls analyzed with ANSYS software
(a) The external insulated wall (b) Sandwich wall
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a.

The mesh structure of the external wall insulated with EPS

b. For Ankara province, the temperature distribution of the brick wall external insulated with EPS

c.

For Ankara province, the temperature distribution of the gas concrete wall external insulated with EPS

d. For Ankara province, the temperature distribution of the MCO-based wall external insulated with EPS

Fig. 8. For Ankara province, the temperature distributions of the external walls with diverse construction materials
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a. The mesh structure of the sandwich wall insulated with EPS

b. The temperature distribution of the brick sandwich wall insulated with EPS

c.

The temperature distribution of the gas concrete sandwich wall insulated with EPS

d. The temperature distribution of the MCO-based sandwich wall insulated with EPS

Fig. 9. For Ankara province, the temperature distributions of the sandwich walls with diverse construction materials
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a. The mesh structure of the MCO-based block wall without insulation

b. The temperature distribution of the MCO-based block wall without insulation at 25 cm thickness

c.

The temperature distribution of the MCO-based block wall without insulation at 50 cm thickness

e.

The temperature distribution of the MCO-based block wall without insulation at 75 cm thickness

Fig. 10. For Ankara province, the temperature distributions of the MCO-based block walls without insulation at
diverse thicknesses
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Table 1
Range of chemical contents (%) of obtained FA, C and P.
SiO2
Al2O3
Fe2o3
CaO
MgO
Na2O
K2O
FeO
TiO2
Ignition loss
Unknown

FA
21.33
4.025
2.606
36.480
1.032
29.798
4.729

C
43.645
20.259
12.954
10.150
1.534
9.650
1.808

P
76.5
13.4
1.3
0.30
3.0
4.1
1.2
0.20
-

Table 2
Physical characteristics of P
Colour
Refractive index
Free moisture
pH of water slurry
Specific gravity
Bulk density (loose)
Mesh size
Softening point
Fusion temperature
Thermal conductivity at 24°C
Solubility

Specific heat

White
1.50
% max 0.50
0.50 - 8.0
2.2 - 2.4
50 - 400 kg/m3
4 - 8 mesh & finer
870 - 1093°C
1260 - 1343°C
0.04 - 0.06 W/mK
* Soluble in hot conc. Alkaili and in HF
• Moderately soluble in (10%in IN NaOH
• Slightly soluble in (3%) in mineral acid (IN)
• Very slightly soluble (1%) in water or weak acids
837 j/kgK
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Table 3
The chemical and general properties of MCO.
Properties

MCO

Appearance at normal temperature

Thin to yellow liquid

Brilliance

< (Pt-Co) : 399

Acid value

(KOH/g) :1.27 mg

Iodine value

130.2 [mg I2 per 100g]

Oxirane value

% 9.78

Heat conductivity coefficient

0,158 W/mK

Density (25

oC)

0. 986 – 1.001g/cm3

Sabonification number

187-193

Flow point

6 oC

Boiling point

158 oC

Ignition point

319 oC

Viscosity

42 Centipoise (at 40º)

Refractive index

(25oC’de)

2.144

Melting point in water (25oC)

< % 0.029

Loss on heating

< % 0.67

Weight per equivalent

168.2g

Resin

135.1 g

Crosslinker

10.0g

Pigment

79g

Additives

10.7g

(Catalyst, antioxidant, flow agent and anti-foaming agents)
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Table 4
The mix ratios for specimens at all temperatures.
MCO
180°C

200°C

220°C

%40

%45

%50

%40

%45

%50

%40

%45

%50

%60 Clay
%30Fly ash
%10 Perlite

C1

C2

C3

C4

C5

C6

C7

C8

C9

%50 Clay
%40Fly ash
%10 Perlite

C10

C11

C12

C13

C14

C15

C16

C17

C18

%40 Clay
%50Fly ash
%10 Perlite

C19

C20

C21

C22

C23

C24

C25

C26

C27

%30 Clay
%60Fly ash
%10 Perlite

C28

C29

C30

C31

C32

C33

C34

C35

C36

Table 5
The thermal conductivity values of some groups in insulation materials
Measure Values
Material

Values in Literature

Density

Tavr

k

Density

Tavr.

k

(gr/cm3)

(oC)

(W/mK)

(gr/cm3)

(oC)

(W/mK)

Gypsum thin plaster (Perlite)

0.465

34

0.244

0.40-0.50

20

0.139-0.162

Gypsum rough plaster (Perlite)

0.465

50.7

0.168

0.40-0.50

20

0.139-0.162

Plaster With Cement (Perlite)

0.672

51.3

0.173

0.700

20

0.244

Gypsum Block(Perlite)

1.047

40

0.372

0.900

20

0.221

Cement Block(Perlite)

0.427

37.7

0.292

0.1046

20

0.300

Strophore

0.016

26.3

0.0308

0.200

20

0.0395

Ytong

0.617

38.7

0.180

0.800

20

0.383

Brick Wall

2.093

45.7

1.148

1.8 -2.0

20

0.972

Sample with MCO, FA, C and P

1.382

31

0.224

-

-

-

ACCEPTED MANUSCRIPT
Table 6
The material properties used for the temperature distribution analysis by ANSYS software
External plaster
Internal plaster
EPS
Brick
Gas concrete
MCO-based material
(Specimen code=C36)

Thickness (m)
0.02
0.03
0.05
0.2
0.2
0.2

k (W/mK)
0.87
1.4
0.031
0.465
0.18
0.224

Density (g/cm3)
1.4
2.0
0.016
2.093
0.617
1.382

Table 7
The U values of the wall types analyzed by ANSYS software
Wall types

Layers

External
insulated
(Fig. 8)
Sandwich

External plaster + EPS + Brick + Internal plaster
External plaster + EPS + Gas concrete + Internal plaster
External plaster + EPS + MCO-based material + Internal plaster
External plaster + Brick + EPS + Brick + Internal plaster
External plaster + Gas concrete + EPS + Gas concrete + Internal plaster
External plaster + MCO-based material + EPS + MCO-based material + Internal plaster
External plaster + MCO-based material (25 cm) + Internal plaster
External plaster + MCO-based material (50 cm) + Internal plaster
External plaster + MCO-based material (75 cm) + Internal plaster

(Fig. 9)
MCO-based
(Fig. 10)

U values
(W/m2K)
0.451
0.362
0.393
0.398
0.258
0.291
0.867
0.440
0.295

