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Abstract

Volumetric shrinkage critical state induced by desiccation of compacted earth treated and improved
with Rice Husk Ash (RHA) and utilized as pavement foundation has been investigated in the
laboratory. The critical state study was important to determine at what level of earth improvement
with the biomass material can be considered safe in terms of shrinkage behavior of treated soft
soil utilized in pavement construction. Rice Husk (RH) is an agricultural waste discharged during
rice production and is disposed on landfills. It causes land pollution in places like Abakaliki and
Ebonyi State, Nigeria as whole where rice farming is the predominant occupation. Ground and soil
improvement with the use of rice husk ash has contributed in the management of solid waste in
the developing countries where rice production is a common occupation with its attendant solid
waste generation. However, the use of biomass-based binders like RHA has reduced the rate at
which oxides of carbon are released into the atmosphere, which contribute to greenhouse emission
effects. This exercise is an environmentally conscious procedure that keeps the environment safe
from the hazards of carbon and its oxides. the preliminary investigation on the test soil showed
that it is classified as an A-7-6 soil group according to AASHTO classification. The index properties
showed that the soil was highly plastic with high clay content. The RHA was utilized at the rate
of 2%, 4%, 6%, 8% and 10% by weight of treated solid to improve the soil volumetric shrinkage
induced desiccation at molding moisture conditions of 2% dry, 0%, 2% wet, and 4% wet of optimum
moisture. This was necessary to establish the behavior of hydraulically bound foundation materials
subjected to dry and wet conditions during the rise and fall of water tables. Results of the laboratory
investigation have shown that at 2% dry of optimum moisture, the volumetric shrinkage (VS)
behavior performed best and reduced below the critical line of 4% at 8% by weight addition of
RHA and maintained that consistent reduction at 10% addition of RHA. Generally, the critical point
was achieved at 8% by weight addition of RHA at all the molding moisture conditions. This is an
indication that at molding moisture conditions between -2% to 4%, 8% by weight addition of the
admixture, RHA can be utilized as an environmentally conscious construction material to improve
the VS of soils for use as hydraulically bound materials in pavement foundation construction.
Keywords: critical state, volumetric shrinkage, desiccation, biomass pavement foundation,
treated compacted earth, lignocellulosic material

Kulcsszavak: kritikus allapot, térfogati zsugorodas, kiszaradas, biomassza jarda alap, kezelt
tomoritett fold, lignocellularis anyag
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1. Introduction

Solid waste handling and management around the world and
especially in the third world countries have contributed to the
alarming amounts of carbon oxides emission and on the threat
of global warming. On the other hand, Laterite has served as
foundation material for pavement ever since road existed, the
need to analyze this material and subsequently improve on the
quality of roads has been a serious issue to highway Engineers.
One critical concern in the use of laterite is the swell — shrink
property of the lateritic material. Expansive soils (lateritic soils
with high plasticity index above 17) are prone to large volume
changes that are directly proportional to moisture exposure.
Therefore, the low bearing strength and compressibility
behavior as a result of constant exposure to moisture under
hydraulically bound conditions causes severe damage and
deterioration to subgrade. Due to the rise and fall of the water
table which is triggered by rainfall percolation and subsequent
capillary action or suction, the compacted sub-grade layer is
constantly subjected to swelling and shrinkage cycle [1-4].
The road embankment is regularly under hydraulically bound
condition, and the compacted earth serves as hydraulic barrier
in waste containment facilities [5] and also as subgrade/
embankment layer of the road. Swelling and shrinkage
properties of laterite have contributed immensely to road
failures, and therefore measures to ameliorate these would be
of great importance to the Engineer.

The swelling and shrinkage properties of soil are not
excluded in stabilized soil but can be minimized, this is due
to the physical and chemical properties of soil, swelling occurs
during water absorption and shrinks when water dries up.
Generally, swelling and shrinking are major factors which
affect the development of fissures in lateritic soil [6]. These
fissures separate the soil surface and gradually close down into
the deeper soil and in turn give rise to different problems of
stability. Clayey soil is observed to give different characteristics
in wet and dry conditions, it possess desirable sorption
characteristics when wet and crack with dust emitted when dry
[7]. These cracks break down continuity of soil mass, thereby
reducing its strength and soil stability is affected. It grants
surface water easy infiltration into the soil. When laterite is
soaked with infiltrated water, it collapses and loose strength.
Structures built on a soil with stability problem such as this,
especially pavements, will in turn collapse with the soil. To a
large extent, fissures are closely related with the swell - shrink
characters.

Modification and stabilization are two basic soil
improvement technique [8], these enhance the mechanical
behavior to suit construction requirements. Additives such
as cement, lime, fly ash and bituminous materials have been
used in common practice to improve the strength and other
characteristics of laterite [9]. This has kept the cost of roads
construction increasingly high due to increasing cost of the
stabilizing agents. Thus, the use of agro-industrial wastes (such
as rice husk ash) will lead to a considerably reduced cost of
construction, minimize environmental hazards and enhance
economical value chain of the farmers [10].

Rice husk ash has been validated through several researches

as an effective partial replacement for stabilizing agents such
as cement, lime etc. Globally, it is estimated that an average of
about 160 million tons of rice husk ash are produced annually
[10]. The addition of RHA reduces the plasticity and increase
volume stability as well as the strength of the soil [11]. Combined
application of RHA and lime can modify the expansive soil
by reducing the swelling index and improve its strength and
bearing capacity. In the above background analysis, it can be
observed that relatively new and sustainable approach, which
are environmentally conscious soil improvement has emerged.
It is also important to note at this stage that for materials to be
considered to be utilized in geotechnical engineering works,
a maximum requirement of 4% for the volumetric shrinkage
strain is recommended [12].

This paper seeks to study the effect on critical state
desiccation of rice husk ash treated soil compacted earth when
used as pavement foundation.

2. Materials and methods
2.1 Materials

Soil: The soil utilized in the laboratory experimentation was
obtained by disturbed sampling method at depths of 1 to 3
meters from a borrow site located in Amaoba, Ikwuano Local
Government Area, Abia State, Nigeria. The map location of the
soil sample source is presented in Fig. 1.
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Rice Husk Ash: Rice Husk (RH) is an agricultural solid
waste belonging to the lignocellulosic biomass discharged
from the harvesting and milling of rice. It is normally disposed
on landfills and this practice constitute pollution of the
environment. The RH used in this laboratory exercise was
collected from Rice Mills in Abakaliki, Ebonyi State, Nigeria
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where rice farming and production is prevalent and common.
Conversely, Rice Husk Ash (RHA) is derived from the direct
combustion of the above lignocellulosic biomass released from
rice production.

2.2 Methods

Rice Husk Combustion:

Rice Husk (RH) is a biofuel that combusts releasing high
amount carbon and its oxides. The method of combustion
employed here is the controlled incineration method developed
by K. C. Onyelowe et al. [13] known as the Solid Waste
Incineration NaOH Oxides of Carbon Entrapment Model.
In this method, the oxides of carbon released are entrapped
in a reaction jar containing 40 v/v NaOH solution, which has
very strong affinity with oxides of carbon. At the end of the
process, ash is derived and soda ash, baking soda and hydrogen
gas are released through the outlet as presented in the waste
valorization and gas sequestration cycle (see Fig. 2).
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Fig. 2 Biomass valorization, carbon sequestration and hydrogen gas separation and
capture cycle
2. dbra Biomassza hasznositds, szén megkotés, hidrogén géz elvdlasztds és megkités
korforgdsa

Preparation of Specimens: 2000 g of crushed open-air dried
soil sample passing through sieve number 4; aperture of 4.76
mm was secured and readied for the experimentation. The
specimens were prepared by deep and thorough blending
and mixing at molding moisture contents of 2% dry, 0%, 2%
wet and 4% wet of optimum moisture content, of the soil and
varying percentages of the RHA in proportions of 2%, 4%, 6%,
8% and 10% by weight of treated solid. The standard proctor
mold was used in this exercise to compact the specimen in
accordance with appropriate standards.

Index Properties: Moisture content of the natural soil,
specific gravity, and gradation characteristics were determined
in accordance with experimental protocols presented in British
Standard International [14].
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Atterberg Limits: The consistency limits; liquid limit, plastic
limit and plasticity index values were determined for the
both the natural and treated soils in accordance with British
Standard International [14; 15]. It was observed that the
liquid limits decreased from 54% for the natural soil to 31%
at the RHA treatment of 8% and increased to 36% at the RHA
treatment of 10%. The plastic limit showed similar behavior
and decreased from 26% for the natural soil to 17% at 8%
treatment with RHA and increased again to 10% treatment of
RHA. Generally, the plasticity index consequently showed the
same trend and reduced to medium plastic condition of 14% at
8% treatment with RHA from a highly plastic condition of 28%
for the natural soil.

Compaction Properties: The treated specimens were
compacted using the standard proctor mold in accordance
with British Standard International requirements presented in
BS 1377 [14] and BS 1924 [15] to determine the maximum dry
density (MDD) and the optimum moisture content (OMC).

Volumetric Shrinkage: In an effort to determine the
volumetric shrinkage (%) of the specimens, the compacted
materials were extruded from the standard proctor compaction
mold and air dried for 12 days under temperature conditions
of 24+2°C and measurements of diameters and heights were
taken every other three (3) with the aid of a Vernier caliper
of 0.01 mm precision. The changes in dimensions of the
specimens with drying days were observed and recorded.

3. Discussion of results

3.1 Index and preliminary properties of the natural and
treated soil

Table 1 represents the index and preliminary properties of
the test soil. From Table I the following can be observed and
deduced;

Soil Classification using AASHTO System: AASHTO soil
classification system classified soils in accordance with their
performance as subgrade. To classify the soil, laboratory tests
including sieve analysis, hydrometer analysis, and Atterberg
limits are used to determine the group of the soil. In the
AASHTO system [16], the soil is classified into seven major
groups: A-1 through A-7 and the soil under investigation
is classified as A-7-6 as more than 35% of the sample passed
through sieve no 200, i.e., 38%, and its liquid and plastic limits
are 54% and 26%, which exceeds 41% and 11% respectively,
being the minimum requirements for liquid and plastic limits
of soils in this category. However, soils in this category are
generally rated for subgrade use as fair to poor.

Unified Soil Classification System: On the basis of the
Unified Soil Classification System (USCS), soil with > 50 % of
sample mass retained on the 0.074 mm sieve is term coarse-
grained and if > 50 % of the coarse fraction is retained on
4.76 mm sieve, the soil is classified as gravel but if > 50 % of
the coarse fraction passes 4.76 mm sieve, such soil is sandy
soil. Also the gravelly of sandy soil is classified further as well
graded gravel/sand (GW or SW) or poorly graded gravel/sand
(GP or SP) if percentage of the soil fines is < 5 %, but if the
percentage of the soil fines is > 12 %, the soil plasticity index
is plotted against its liquid limit and the soil is classified as
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gravel/sandy clayey (GC or SC) or gravel/sandy silty soil (GM
or SM) depending on its position on the chart. On the other
hand, if > 50 % of the sample mass passes the 0.074 mm sieve,
the soil is classified as fine-grained soil. The plasticity index
of the soil fine-grained is then plotted against its liquid limit
on plasticity chart to further distinguish the soil as silt or clay
of low, medium, or high plasticity. Based on the Unified Soil
Classification System (USCS) results shown in Table I, the
soil is poorly graded (GP) and is a clayey soil of high plasticity
(CH). However, it was observed that addition of RHA at 4%,
6%, 8% and 10% improved the soil to clayey soil of medium
plasticity (CL).

Sieve Analysis: The grain size analysis test results for the soil
sample were summarized in Table 1. The values which were
obtained from the gradation tests were analyzed with respect to
the effect of pre-treatment and soil variations along lateral and
depth wise. According to British Standard [14] the %passing
the 0.075mm BS sieve should be < 35% for subgrade. From
the sieve analysis result carried out, 38% of the particles passed
through the 0.075mm sieve. Hence the soil is not suitable for
use as pavement subgrade.

Soil Consistency Index: Soil consistency index examined
was Atterberg limit and widely used to differentiate soil types
and states. The liquid limit, w, and plastic limit, w,, plasticity
index I, and linear shrinkage of the soil were determined in
order to examine the influence of RHA contents used in its
treatment. In Table I above, the results of Atterberg limits were
represented, and it was clearly indicated that the values of the
liquid limit w, (54%) and plastic limit (26%) w, decreased with
increasing proportion of RHA, from 54% to 48% and 26% to
23% at 2%, 48% to 42% and 23% to 20% at 4%, 42% to 36%
and 20% to 19% at 6% and from 36% to 31% and 19% to 17%
at 8% for liquid limit and plastic limit respectively. An increase
was also observed in the values of liquid and plastic limits
at 10% addition of RHA, from 31% to 36% and 17% to 20%
respectively. According to BS 1377 [14], subgrade/fill material
should have liquid limit <50% and plasticity index <30% while
for sub-base, liquid limit should be < 30% and plasticity index <
12%. However, it can be observed that this soil is unsuitable for
use as a pavement subgrade in its original state, but stabilizing
same using RHA reduced the liquid limit and plasticity index,
making it very suitable for use as pavement subgrade.

Specific Gravity: Specific gravity of the soil samples under
investigation was determined using AASHTO T22 03, T85-91
procedures [17]. The specific gravity of the soil sample from the
result above gave 2.05 and it is perfect for identifying poorly
graded soils. It was also observed that addition of RHA at 2%,
4%, 6% and 8% increased the specific gravity of the soil sample
to 2.08, 2.25, 2.42 and 2.70 respectively. At 10% addition of
RHA, a decrease in specific gravity of the soil from 2.70 to 2.50
was observed. This however shows that RHA is a very good
stabilizer for poorly graded soils.

MDD (mg/m?) and OMC (%): Compaction Test was carried
out and tabulated to determine the compaction properties i.e.,
Maximum Dry Density and Optimum Moisture Content of the
studied soil. The compaction result shows that the maximum
dry density (MDD) of the sample has a value of 1.85mg/m* and
optimum moisture content (OMC) of 12%. The range of values

that may be anticipated when using the standard proctor test
methods are: for clay, maximum dry density (MDD) may fall
before 1.44 mg/m’ and 1.685 mg/m*® and optimum moisture
content (OMC) may fall between 20-30%, for silty-clay MDD is
usually between 1.6 mg/m® and 1.845 mg/m?® and OMC ranged
between 15-25% and for sandy clay, MDD usually ranged
between 1.76 mg/m® and 2.165 mg/m® and OMC between 8
and 15%. Thus, looking at the results of the soil samples, it is
observed that the sample is sandy-clay. The low values of the
dry density indicate that the natural deposits are loose and
accounts for the high void ratio. However, the addition of RHA
increased the value of the MDD, while decreasing the value
of the OMC respectively from 1.85 mg/m’and 12% to 2.00
mg/m®and 11% at 2%, 2.30 mg/m’ and 9% at 4%, 2.70 mg/m’
and 8% at 6% and 2.85 mg/m’and 8% at 8%. A decrease in
value of MDD and increase in OMC was also observed at 10%
addition of RHA 2.85 mg/m’and 8% to 2.75 mg/m*and 10%
respectively. These substantial improvements recorded on the
addition of RHA are due to the high binding strength and the
aluminosilicate composition of the additive (see Table 2)

PpH Value: Soil pH is a measure of the acidity or alkalinity of
the water held in its pores. The pH scale goes from 0 to 14, with
7 representing neutral. From pH 7 to 0 the soil is increasingly
acidic, while from 7 to 14 it is increasingly alkaline. Table I
shows that the soil has a pH value of 7.2 and the addition of
RHA at higher proportions further increases the soil’s alkalinity.

Property 0% 2% 4% 6% 8% 10%
Natural Moisture 14
Content, %
Liquid Limit, % 54 48 42 36 31 36
Plastic Limit, % 26 23 20 19 17 20
:;Iasticity Index, 8 25 29 17 1 16

o

Linear
Shrinkage, % 8 6.5 5.5 5.2 45 3.2
Percentage
Passing BS
sieve No. 200 38 41 43 47 51 55
(0.075mm)
AASHTO
Classification ATE
USCS_ . GPRCH GPCH GRCL GRCL GRCL GPCL
Classification

Specific Gravity 2.05 2.08 2.25 242 2.70 2.50

Maximum Dry
1.85 2.00 2.30 2.70 2.85 2.75

Density, g/cm?®
Optimum
Moisture 12 11 9 8 8 10
Content, %
pH Value 72 74 76 78 81 83
Col Red Reddish Reddish Reddish Reddish Reddish

olor brown brown brown ash ash

Dominant Clay

X Illite
Mineral

Table 1 Physical properties of the untreated and RHA treated soils
1. tabldzat Kezeletlen és RHA kezelt talajok fizikai jellemz6i
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Oxides composition (content wt %)

Materials

Sio, K,0 Na,0 TiO, IR Free CaO
study soil 35 12.09 7.36 8.66 5.90 12.0 13.4 - - 5.5 - - -
RHA 86.0 33 3.6 3.2 0.45 - - - 3.45 - - - -

*IR is Insoluble Residue, LOI is Loss on Ignition, RHA: rice husk ash.

Table 2 Oxides composition of the materials used in this paper
2. tdblazat A cikben haszndlt anyagok oxidos Osszetétele

3.2 Effect of Rice Husk Ash (RHA), Drying Time (DT) and
Molding Moisture (MM) on the Volumetric Shrinkage of
Treated Soil

Up to 10% by weight of RHA was utilized in the treatment of
soft soil and the volumetric shrinkage (VS) behavior as a result
of this treatment procedure was observed. These blending and
mixing were achieved with four various molding moisture
conditions of -2%, 0%, 2% and 4% of optimum moisture and
subjected to different drying periods to a maximum of 12 days
and measurements were recorded on 0, 3, 6, 9 and 12 days.
Figs. 3, 4, 5and 6 and Tables 3, 4, 5 and 6 present the graphical
behavior of VS against percentage RHA treatment and tabulated
behavior of the soil treated with RHA, molded under different
moisture conditions and dried at different days. It can be
observed that the VS reduced consistently with increased RHA
where the soil was treated under 2% dry of optimum moisture
in Fig. 3. Throughout the curing period, the VS also reduced
considerably and all fell below VS of 4%, which according
to standard requirements is the critical point above which
a material cannot be considered good for use as a subgrade
foundation under hydraulic bound conditions. This shows that
RHA can be used to treat soft soils of similar properties under
2% dry of optimum molding conditions beyond 8% by weight.
This behavior is attributed to the highly pozzolanic properties
of RHA, which acted as an environmental conscious binder
improving hydration reaction, cementation, calcination, and
flocculation and reduced consistently the tendency for the
treated material to be affected by shrinkage [18; 19]. Another
reason for this behavior was because of the cation exchange
that took place at the interface between soil polarized ions
and those of the admixture within the diffused layer. Thirdly
the fineness of the ash material contributed to filling process
within the voids, which improved the space-mass index of the
treated material. In Fig. 4, the treatment process was achieved
under optimum moisture molding conditions ie. 0% of
optimum moisture. This condition is hardly experienced in the
field where foundations are subjected to rise and fall of water
table like the pavement foundation. This is due to the fact that
water table rises when it rains and drops during dry seasons. In
Nigeria for example, during spring and fall in many parts of the
country, there always rain and this brings about the rise in water
table while during winter, the water table falls considerably.
So, pavement foundations, which are hydraulically bound
structures suffer as a result. It can be observed that at 8% by
weightaddition of RHA, the VS fell below the critical point (4%),
which is safe for treated soil materials to be utilized as subgrade
foundation materials. In Fig. 5, wetting moisture condition of
molding started where the treated material was molded with
2% wet of optimum moisture. This happens when the water
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table rises and expose foundation materials to moisture ingress
or migration through the poorly compacted or cracked layers.
It can also be observed that at 8% by weight addition of RHA,
the VS dropped to below 4% point safe for materials to be used
but beyond that to 10% addition, the VS abruptly increased
again beyond the critical line. This shows that, at the molding
moisture condition of 2% wet of optimum, the RHA cannot be
utilized beyond 8% again (see Table 3). This behavior was due
to the added moisture which restarted the hydration reaction
and created space for volume changes thereby increasing the
shrinkage properties again in a renewed cycle. In Fig. 6, the
molding moisture was increased and the condition wasn't
encouraging as the behavior of the VS resided above the
critical line except also at 8% by weight addition of RHA and at
12 days drying time. This is due to excessive molding moisture
within the clayey mass of treated soil, which increase swelling
properties and VS properties. On the hand, Figs. 7, 8, 9 and
10 show the response of VS with respect to the various drying
periods in days. It can be observed that the VS reduced with
increased exposure to drying conditions corresponding also to
increased addition of RHA. The best result was obtained at 2%
dry of optimum molding moisture condition and at the RHA
treatment rate of 8% by weight. This shows that the longer the
foundation materials treated with RHA stay through the drying
period, the better and more reliable the strength development
and a corresponding improvement in the volumetric shrinkage
(VS) [20]. It is also important to remark that the VS obtained
at the optimum moisture condition is reliable but beyond that
line, on the molding moisture side, the treated material start
to suffer the effect of moisture exposure. It is obvious that at
molding moisture of 4% wet of optimum, the treated soil fails
to meet the VS requirements.

RHA treated soil compacted at 2% dry

Air Drying (-2%) of optimum (%)

Period
(Days) 2 4 6 8 10

Volumetric

Properties

0 10 9 75 5.5 4 35
3 9.5 8 7 5.2 3.8 3.2
Volumetric
Shrinkage 6 8.5 75 6.5 5 3.5 3
Strain (%)
9 7.8 7.2 6 4.8 3.3 2.8
12 7.5 7 5.5 4.5 3.1 2.5

Table 3 Desiccation of RHA treated soil compacted at 2% dry (-2%) of optimum
3. tdbldzat RHA-val kezelt talaj szdraddsa az optimadlisndl 2%-kal szdrazabban
tomoritve



Volumetric

Properties

Strain (%)
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RHA treated soil compacted at 0% of

Air Drying optimum (%)

Period
(Days) 4 6

0 12 10 75 5.5 4 5.2
3 11 8.5 6.5 5 3.8 4.8
Volumetric
Shrinkage 6 9 7.5 6 45 35 45
9

7 68 55 42 32 43

12 6 5.5 5 4.1 3 4.2

Table 4 Desiccation of RHA treated soil compacted at 0% of optimum
4. tabldzat RHA-val kezelt talaj szdraddsa az optimdlisan tomoritve

Volumetric Air Drying RHA treated soil compacted at 2% wet
(+2%) of optimum (%)

Properties

Volumetric
Shrinkage
Strain (%)

Period
(Days)
2 4 6 8 10

15 12 8 6.5 4.1 5.5

8 75 6 52 3.8 48

0
3 11 9 75 5.8 4 5.2
6
9

6 5.5 5 45 35 45

12 6 5 45 43 35 43

Table 5 Desiccation of RHA treated soil compacted at 2% wet (+2%) of optimum
5. tdbldzat RHA-val kezelt talaj szdraddsa az optimadlisndl 2%-kal nedvesebben

Volumetric
Properties

Strain (%)

tomoritve

RHA treated soil compacted at 4% wet
of optimum (%)

Air Drying
Period
(Days) 4 10

0 18 14 12 9 7 55
3 17 13 10 75 6.5 45
Volumetric
Shrinkage 6 15 12 9.5 6.8 5.5 4.2
9

Table 6
6. tdbldzat

Volumetric shrinkage strain, v, %

Fig. 3

3. dbra

11 8.5 7.5 5.5 4 4

12 8 75 58 45 4 4.2

Desiccation of RHA treated soil compacted at 4% wet (+4%) of optimum
RHA-val kezelt talaj szdraddsa az optimdlisndl 4%-kal nedvesebben
tomoritve

T T T T T T T T N T T
CV8 Critical volumetric shrinkage g‘r"é‘gi‘r'{g)e )
--#--0day
--O---3days
--£A--6days
--v--9days
--o--12days

0 2 4 6 8 10 12
RHA Addition Proportion (%)

Volumetric shrinkage of RHA treated soil compacted at 2% dry (-2%) of
optimum moisture

Optimdlis viztartalomndl 2%-kal szdrazabban tomdritett RHA kezelt talaj
térfogati zsugoroddsa

Fig. 4
4. dbra

Fig. 5

5. dbra

Fig. 6

5. dbra

Fig. 7

7. dbra

o T T T T T T T T T
CVS Critical volumetric shrinkage %rg‘gi‘:]’;‘)e
--*--0day
--O---3days
--4--6days
--v--9days
--o---12days

Volumetric shrinkage strain, vg, %

RHA Addition Proportion (%)

Volumetric shrinkage of RHA treated soil compacted at optimum moisture
Optimdlis viztartalom mellett tomoritett RHA kezelt talaj térfogati
zsugoroddsa

T T T T T T T |
<.  CV&S Critical volumetric shrinkage (Caurn(;‘rgllt:g)e 1

N --®--0day

L} --O---3days
N N --£---6 days
--v--9days
--o--12days

Volumetric shrinkage strain, ve, %
g

Volumetric shrinkage of RHA treated soil compacted at 2% wet (2%) of
optimum moisture

Optimdlis viztartalomndl 2%-kal nedvesebben tomoritett RHA kezelt talaj
térfogati zsugoroddsa

[o)al

o T T T T T

T
CVS Ciritical volumetric shrinkage

' Cur'ingti'me 1
(air drying) -
--®--0day
--O---3days
--4---6days

o

Volumetric shrinkage strain, v, %

RHA Addition Proportion (%)

Volumetric shrinkage of RHA treated soil compacted at 4% wet (+4%) of
optimum moisture

Optimdlis viztartalomndl 4%-kal nedvesebben tomoritett RHA kezelt talaj
térfogati zsugoroddsa

--9--0%RHA --4--6%RHA
--0--2%RHA __--8%RHA
--A--4%RHA  --m--10% RHA

Volumetric shrinkage strain, v, %

Curing time (days)

Volumetric shrinkage against curing time of soil treated with RHA at 2% dry
of optimum moisture molding condition

RHA kezelt talaj térfogati zsugoroddsa az utékezelési ido fiiggvényében
optimdlis nedvességtartalomndl 2%-kal szdrazabban készitve
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Fig.
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Fig. 8 Volumetric shrinkage against curing time of soil treated with RHA at
optimum moisture molding condition
8. dbra RHA kezelt talaj térfogati zsugoroddsa az utékezelési idé fiiggvényében
optimdlis nedvességtartalom mellett készitve
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Fig. 9 Volumetric shrinkage against curing time of soil treated with RHA at 2% wet
of optimum moisture molding condition
9. dbra RHA kezelt talaj térfogati zsugoroddsa az utdkezelési id¢ fiiggvényében
optimdlis nedvességtartalomndl 2%-kal szdrazabban készitve
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10 Volumetric shrinkage against curing time of soil treated with RHA at 4% wet of
optimum moisture molding condition

10. dbra RHA kezelt talaj térfogati zsugoroddsa az utékezelési id6 friggvényében optimdlis

4.

nedvességtartalomndl 4%-kal szdrazabban készitve

Conclusion

The following remarks can be made from the laboratory
investigation of the critical state volumetric shrinkage of
compacted earth treated and improved with rice husk ash;

a.

46

The index properties of the test soil showed that it is an
A-7-6 soil group according to AASHTO method, it is
highly plastic with the I, above 17%, it is poorly graded
and expansive with high shrinkage properties, which

- = 2020/2 = Vol. 72, No. 2

made it undesirable to be used as a pavement foundation
soil subjected to hydraulically bound conditions.

b. The RHA as a lignocellulosic and amorphous material

has high pozzolanic reaction on the treated soil thereby
improving the shrinkage properties under different
molding moisture conditions.

c. The VS of the treated soil reduced consistently with the
addition of RHA and with the days of exposure (drying)
and important to note is that the VS reduced below the
critical line 4% at 8% by weight addition of RHA and was
established as the proportion that met the condition for
the soil material improvement under varying molding
moisture conditions between -2% and 4%. Meanwhile,
the drying period proved that the longer the days within
the drying conditions, the better the VS. it shows that
water migration and ingress during rise in water table
for hydraulically bound structures like the pavement
foundation causes the VS to increase above the critical
level thereby causing failures of the pavement facilities.

d. Finally, and once again, Rice Husk Ash (RHA) has proven
to serve as an environmentally conscious construction
material with the potentials to improve soils and the ground
for use as foundation materials. With the above results,
it can comfortably replace the conventional cement and
completely rid our planet with the sources of greenhouse
emission for a healthier world of construction activities.
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Abstract

This paper presents the results of an experimental study carried out to evaluate the influence of
the nature and the content of the recycled fine and coarse aggregates from concrete construction
and demolition wastes on the rheological and strength properties of concrete. For this purpose,
concretes mixtures were made with different percentages (15, 30, 50, 70 and 100%) of recycled
sand and recycled gravel. Three different cement / admixture ratios were used. At fresh state,
tests applied include slump, yield stress, plastic viscosity, air content and fresh density. Moreover,
in order to follow the evolution of these properties over time, the tests were carried out at different
times: directly after mixing, 30 minutes, 60 minutes and 90 minutes after completion of the
mixing). At hardened state, compressive strength was determined at age of 7 and 28 days. The
results show that, the properties of the concretes made with recycled aggregates depend up on
the cement / admixture ratio and the substitution level of recycled aggregates. This means that
there is indeed an influence of the recycled aggregates on the compatibility (physicochemical
equilibrium) of the cement / admixture ratio. This influence is more noticeable on the sand than
on the gravel. The results also show that, increasing the percentage of substitution of recycled
aggregates in concrete mixture increases the yield stress and the plastic viscosity of fresh
concrete. However, a decrease in the compressive strength was found with increasing the content
of recycled aggregate.
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1. Introduction

Given the strong demand and supply for material resources
and the need to preserve the environment in a sustainable
development vision, it has become essential to investigate all
possibilities for the reuse and recycling of wastes and industrial
by-products in the field of civil engineering [1,2]. Indeed,
concrete is the most widely used construction material in the
field of civil engineering, despite its high environmental impact.
The cement is made from limestone and requires a very high-
temperature heating of 1450°C, engendering high CO, emissions.
So, about 8% of the worldwide emissions are stemming from the
manufacturing of cement. As an example, the production of a ton
of Portland cement generates 930 kg of CO,. The manufacturing
of the cement establishes then an important source of greenhouse
gas. The extraction of aggregates participates in the high carbon
assessment of the concrete as well.

Every year, 3 billion tons of waste are produced in Europe,
among which approximately 900 million by the construction
industry, is more than 25% of all produced waste [3]. Indeed, the
demolition of damaged or obsolete structures generate a huge
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quantity of concrete waste which creates serious ecological and
environmental problems [4]. One way to minimize this impact
is the use of recycled concrete aggregates [5-11]. Actually,
the incorporation of recycled aggregates from construction
waste or demolition significantly improves the ecological
footprint of concrete. The concrete mixtures have rheological
properties that are characterized by the parameters of Bingham
material model (the yield stress and the plastic viscosity).
The constituents’ properties and mixtures composition affect
commonly these parameters [12-15].

Slump is the most practical and widely accepted measure
of the rheological behavior of concrete. Slump is not only an
index of flow behavior, which includes the workability and
implementation of fresh concrete, but is also used to quantify
the consistency of mixtures. Variations of slump in concrete may
be caused by factors related to concrete mix-design, particularly
the quantity of water, as well as aggregate properties such as
granular distribution, shape, and water absorption. In the field
of construction, with the development of new concretes and
new installation techniques such as pumping and projection, the
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control of the rheological behavior of fresh concrete becomes
principal factor to facilitate its implementation [16]. It is also
necessary to define the basic parameters that are used in the
rheological behavior of a material as well as the most common
behavioral models. Several rheological behaviors which are
divided into two major families: Newtonian fluids and non-
Newtonian fluids [8,17]. In the case of fresh concrete, workability
is studied. The first, consistency, is an index of the mobility
(ability to flow) of fresh concrete. The second is an indication
of stability (ability to prevent segregation). For only a few
decades, more characterizations that are precise have appeared
to determine quantities related to the Bingham parameters.

The rheological test is essential for the execution of a
construction project. During the mix-design of concrete in
the laboratory to the test, the workability of concrete can be
predicted on site. At the time of the construction of the structure,
it is used for quality control, thus making it possible to take the
necessary precautions before placing the concrete in case of an
accident that can occur during manufacturing. The test therefore,
avoids or minimizes economic loss. Many tests essentially
empirical have been developed to evaluate the workability of
concrete [18]. However, the complexity of the concrete mixture
mabkes it difficult to study the rheology of this material. Some
authors, then, propose a simplification that considers the fresh
concrete as a two-phase material (cement paste and aggregates).
Nevertheless, the interaction between these two phases does not
consist in a simple lubrication between paste and aggregates, but
ina complicated combination of the viscous effect of the paste and
the mass of the aggregates. Therefore, it is useful to understand
the rheology of cement paste, which has much in common with
that of concrete. Some factors influencing the rheology of fresh
concrete are related to the nature of the materials and water
absorption capacity, which is higher for recycled aggregates
than natural aggregates [1,19]. Other factors are related to the
composition of the concrete itself. These factors are determining
its rheology then concern the formulation of the concretes (water
/ cement (W/C), gravel / sand (G/S), paste volume, additions).
The time factor is an important in the evaluation of the rheology
of concrete, since it is not intrinsically part of the composition
of the concrete. The duration of the period during which the
fresh concrete remains sufficiently workable is limited due to the
hydration process. When this limit is exceeded, the concrete loses
its workability and its rheological behavior is changed.

In this context, the main objective of this research is to study
the effect of recycled aggregate concrete (RAC) with different
substitution percentages of 15, 30, 50, 70, and 100% of coarse
and/or fine natural aggregate (NA) by recycled aggregate (RA),
and the cement / admixture combination on the rheological
behavior of concretes. Three different times T0, T30 and T90
were considered corresponding to 0 min, 30 min and 90 min
after completion of mixing.

2. Materials

2.1 Cement

Three types of cement, CEM I 52.5R CE CP2 (C1), CEM
I 52.5R CE (C2) and CEM I 52.5N CE CP2 ES (C3) from
LAFARGE in France were used. The chemical and physical

properties of these cements are summarized in Table 1. From
Table 1, cement C1 has a higher C A and a lower C.S than those
of cement C2 and C3.

CEM |
Nomination CE'(\)AEI(?P22'5R CEM (I:EZSR 52.5N CE

CP2 ES
Blaine Fineness (cm?2/g) 4520 3250 4110
Median diameter (um) 9.7 16.5 12.3
Water demand (%) 27.2 26.0 26.5
Initial setting time (min) 120 165 140
Hydration heat at 41h (j/g) 328 300 320
S0, 19.54 20.19 20.1
ALO, 5.70 3.81 5.5
Fe,0, 3.06 2.99 4.8
Ca0 60.10 61.50 59.70
SO, 3.71 3.31 2.31
Mgo 1.85 1.96 3.26
K,0 0.86 0.81 1.81
Na,0 0.19 0.17 0.22
CI 0.07 0.02 0.06
Loss on ignition 0.33 0.68 0.78

Clinker (%) 99 98 99

Alite (C,S) (%) 53.4 67.0 46.4
Belite (C,S) (%) 15.8 7.4 22.7
Aluminate (C,A) (%) 2.9 5.0 6.5
Ferrite (C,AF) (%) 9.2 9.1 14.6

Table 1 Chemical analysis and physical properties of cements used
1. tdblazat Az alkalmazott cementek kémiai Gsszetétele és fizikai tulajdonsdgai

2.2 Fine aggregates

Natural sand (NS) (0/4 mm) from limestone quarries and
recycled concrete sand (RS) from concrete construction and
demolition wastes (0/4 mm) from a recycling plant were used.
Steps used to prepare recycled aggregates (RA) are detailed in
[1]. The grain size distribution and morphological appearance
of recycled and natural aggregates are presented in [1]. Water
absorption and density are given in Table 2. The fineness modulus
of RS (3.27) is significantly higher than that of NS (2.25).

Type of aggregate

Water absorption (%) Density (%)

NS (0/4 mm) 0.9 2.59
RS (0/4 mm) 10.0 2.71
NG (4/10 mm) 0.5 2.71
RG (4/10 mm) 5.1 2417
NG (10/20 mm) 0.4 2.31
RG (10/20 mm) 5.7 2.29

Table 2 Water absorption and density of aggregates used
2. tdbldzat Az alkalmazott adalékanyagok vizfelvétele és siirfisége

2.3 Coarse aggregates

Two natural limestone gravels (NG) of fractions (4/10 mm
and 10/20 mm), and two recycled gravels (RG) of fractions (4/10
mm and 10/20 mm) concrete construction and demolition
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wastes are used in this study. The grain size distribution of
recycled and natural aggregates is presented in [1]. Density and
water absorption are given in Table 2. Recycled aggregate (RA)
shows relatively higher water absorption compared to NA.

2.4 Admixtures

Three admixtures (Al, A2 and A3) are used. Their physical
properties and chemical analysis are summarized in Table 3.

A2 A3

Ether
polycarboxylique

Admixtures Al

Polycarboxylate Polycarboxylate

Chemical Type

Type High water Water reducing  Water reducing
reducing
Solids content 22.5% 22.5% 20%
Shape liquid liquid liquid
Colour light yellow light brown light yellow
pH 4 upto6 6upto8 45+1.0
Recommended 0.1% up to 0.2% up to 1.9% 0.1% up to
Dosage 3.0% 3.0%
Content Na,0 <1% <1% <0.5%
Eq.
Content ions CI <0.1% <0.1% <0.1%

Table 3 Chemical analysis and physical properties of used admixtures
3. tabldzat Az alkalmazott adalékszerek kémiai Gsszetétele és fizikai tulajdonsdgai

3. Experimental program

3.1 Mixture proportioning

Three concretes (with cement C1, Cement C2 and Cement
C3) and 36 different concrete mix proportions have been used,
keeping the same quantity of cement and the same granular
selection. Either coarse aggregates or natural sand were partially
replaced by RA with percentages of replacement of 15, 30, 50,
70 and 100% respectively to the amount of aggregate. All the
mixtures proportions of concretes are summarized in Table 4.

3.2 Casting and testing

The recycled aggregates were used in a saturated state, and
steps used to prepare recycled aggregates are detailed in [1].
The rheological behavior of concretes made with recycled
sand is studied using a concrete rheometer developed by
Soualhi et al [21]. The principle consists in rotating a blade in
a cylindrical sample of fresh concrete at different speed stages.
The torques applied to rotate the blade at different speed levels
are measured. The rheological parameters (the yield stress and
the plastic viscosity) are then calculated.

The compressive strength was measured at the ages of 7 and
28 days according to NF P 18-455 [20].

4. Results and discussion

4.1 Workability

In all concrete mixes, constant slump of 200 +/- 20 mm is used,
in order to limit the number of mixes. Slump results of concrete
mixes with recycled sand is shown in Fig. 1. It is evident that
slump is almost constant for mixes with 30% of RS, but beyond
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this percentage, the slump is reduced with 55% to 65% when
RS content increases. This is due to the particle packing and
surface roughness of the particles of RS. these results are similar
to those reported by [21,22]. On the other hand, regardless of
the cement / admixture ratio, low rheology is with 100% recycled
sand. This is due to particle packing of recycled sand and surface
roughness. It is observed that, irrespective of RS used, concrete
made with cement C2 prove higher slump than that with cement
C3 and C1. This can be explained by the lower amount of C A in
cement C2. So, the degree of hydration of the cement is delayed
and the workability of the mixture is increased [23]fillers and
superplasticisers are typically added to the binder system. It is
clear that cement, filler and admixture interact, and influence
concrete properties. By means of an experimental programme on
concrete with different types of Portland cement, with and without
partial cement replacement by silica fume, and considering a
naphthalene sulphonate superplasticiser, the interaction between
C3A, silica fume and naphthalene sulphonate superplasticiser has
been investigated. A higher C3A content of the Portland cement
leads to a higher required dosage of superplasticiser. Partial
cement replacement by silica fume leads to an acceleration of the
second hydration peak (hydration of C3S.
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270
240
210 * """"""""""""""""""""""
g L e
=150 { }
o
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wn
90
60 }
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0
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210 * """"""""""""""""""""""""
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o
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Fig. 1 Variation of slump with percentage of substitution in RS: (a) T30; (b) T90
1. dbra A roskadds véltozékonysdga az tijrahasznositott homok (RS) mennyiségének
fiiggvényeként: (a) T30; (b) T90
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NG NG {¢] {¢]
Cement Mixture (4/10) (10/20) (4/10)  (10/20) SP Water
© (%) (kg/m®)
(kg/m®)
ORSORG 320 852 0 325 696 0 0 0.40 188 0.59
15RSORG 724 105 0.40 196 0.61
30RSORG 596 211 0.40 206 0.64
50RSORG 426 350 0.40 218 0.68
7O0RSORG 256 492 0.40 231 0.72
100RSORG 0 702 0.30 250 0.78
ot ORSORG 852 0 325 696 0 0 0.40 188 0.59
ORS15RG 276 592 42 87 0.40 193 0.60
ORS30RG 228 487 84 173 0.58 200 0.63
ORS50RG 163 348 140 288 0.65 205 0.64
ORS70RG 98 209 195 404 0.78 217 0.68
ORS100RG 0 0 279 578 0.78 200 0.63
ORSORG 320 852 0 325 696 0 0 0.20 176 0.55
15RSORG 724 105 0.40 185 0.58
30RSORG 596 211 0.40 195 0.61
50RSORG 426 350 0.40 205 0.64
7ORSORG 256 492 0.40 220 0.69
100RSORG 0 702 0.40 238 0.74
°2 ORSORG 852 0 325 696 0 0 0.20 176 0.55
ORS15RG 276 592 42 87 0.67 182 0.57
ORS30RG 228 487 84 173 0.51 189 0.59
ORS50RG 163 348 140 288 0.50 200 0.63
ORS70RG 98 209 195 404 0.48 206 0.64
ORS100RG 0 0 279 578 0.42 218 0.68
ORSORG 320 852 0 325 696 0 0 0.30 180 0.56
15RSORG 724 105 0.40 195 0.61
30RSORG 596 211 0.40 203 0.63
50RSORG 426 350 0.40 215 0.67
70RSORG 256 492 0.40 230 0.72
100RSORG 0 702 0.40 245 0.77
e ORSORG 852 0 325 696 0 0 0.30 180 0.56
ORS15RG 276 592 42 87 0.50 188 0.59
ORS30RG 228 487 84 173 0.50 190 0.59
ORS50RG 163 348 140 288 0.45 200 0.63
ORS70RG 98 209 195 404 0.45 220 0.69
ORS100RG 0 0 279 578 0.42 228 0.71

Table 4 Mixtures proportions of concrete

4. tdbldzat Beton keverékek dsszetétele
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Fig. 2 shows slump of concrete mixes with RG. It can be seen
that regardless of cement / admixture ratio, slump decreases
slightly with increasing of the percentage of RG. The slump of
concrete with cement C2 is higher than that of concrete with
cement C3 and C1. It can be seen also that (i) workability of
RAC with cement C2 is better; (ii) workability reduces with
higher percentage of recycled aggregates. Up to 30% recycled
sand, slump values are similar. However, beyond 30% recycled
sand, reduction was significant; 80% for 100% of recycled sand,
(iii) reduction in workability of RAC with RS is higher than
with RG, and this is due to the interaction between C,A and
superplasticizer [23,24]fillers and superplasticisers are typically
added to the binder system. It is clear that cement, filler and
admixture interact, and influence concrete properties. By means
of an experimental programme on concrete with different
types of Portland cement, with and without partial cement
replacement by silica fume, and considering a naphthalene
sulphonate superplasticiser, the interaction between C3A, silica
fume and naphthalene sulphonate superplasticiser has been
investigated. A higher C3A content of the Portland cement
leads to a higher required dosage of superplasticiser. Partial
cement replacement by silica fume leads to an acceleration of
the second hydration peak (hydration of C3S.
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Fig. 2 Variation of slump with percentage of substitution in RG: (a) T30; (b) T90
2. dbra A roskadds viltozékonysdga az tijrahasznositott durva adalékanyag (RG)
mennyiségének fiiggvényeként: (a) T30; (b) T90
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4.2 Air content and density

Air content and density results of concrete are shown in Fig.
3and 4. It can be seen that beyond 30% of RS, and whatever the
type of cement used in mixtures, the air content is higher than
mixture with 0% of RS. Effectively, because of the roughness and
shape of the recycled sand and the formation and immobility
of air bubbles during vibration of concrete, since the recycled
sand has a higher porosity than natural sand [25]. The results
also show that the air content of RAC are affected by cement
/ admixture ratio. Concretes with the cement C3 and C2 have
lower air content than those made with cement C1. Similarly,
the figures indicate that with an increase in recycled gravels, the
air content increases. However, this increase is slightly less than
that the one observed with RS. This result indicates that the fine
portion of RA influences negatively the behavior of RAC.
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S
g 3
Q
g
3
Q
2 ) ‘/D—f-—-“—/'—._—#*,,__‘
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Fig. 3 Variation of air content with percentage of substitution of RA: (a) RS; (b) RG
3. dbra A levegbtartalom viltozdsa az vijrahasznositott adalékanyag (RA)
mennyiségének fiiggvényeként: (a) RS; (b) RG

Fig. 4 indicates that densities of NAC (reference concrete) are
higher than those of RAC. Up of 30% of substitution, the density
of RAC with RS decreases and then remains constant. This is
because of adhered old mortar included in RA surrounding
the NA. The figures also indicate that with RG content, density
decreases slightly. This is due to the more porous nature and
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lightweight of adhered old cement mortar to the RA. The
density of sand aggregate reduction is within 6% and 4% of the
gravel aggregate. This means that where lightweight concrete
is needed, the RA can be used. Therefore, for using the RA of
low density and with adequate strength, 30% RS can be used in
concrete mixtures.
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Fig. 4 Variation of density with percentage of substitution of RA: (a) RS; (b) RG

4. dbra A siirliség viltozdsa az tijrahasznositott adalékanyag (RA) mennyiségének
fiiggvényeként: (a) RS; (b) RG

4.3 Rheology
4.3.1 Effect of recycled fine aggregate

Fig. 5 show the evolution of torque as a function of the
rotational speed at TO for the several of cement / admixture
ratios for concrete with recycled fine aggregates. The results
show, firstly, that torques are increasing linearly with speed.
On the other hand, these results show a distinction between
different cement / admixture ratio. It can be said that, the
rheological behavior of recycled sand concrete exhibits a
Bingham fluid. Indeed, the graphs are linear and do not pass
through the origin. These results are explained by the low
amount of C A in the cements C2 of the RS-C2 couple, thus
delaying the setting of concrete, and then conferring good
fluidity at the fresh state. A high percentage of C,A for cements

C1 of the RS-C1 couple accelerates the setting of the concrete
and reduces its fluidity. The cements C3 of the RS-C3 couple
present an average quantity of C A.
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Fig. 5 Variation of torques with speed of RA: (a) RS; (b) RG
5. dbra A forgatényomaték viltozdsa az tijrahasznositott adalékanyag (RA)
mennyiségének fiiggvényeként: (a) RS; (b) RG

A
(a) Rheometer

(b) Cylindrical sample

(c) Blade

Fig. 6 The configuration of the rheometer used and its constituents [21]
6. dbra Az alkalmazott reométer mérési dsszedllitdsa és alkotéelemei [21]

a. Development of the yield stress T,

This part of the study is devoted to the analysis of the
evolution of the yield stress at TO (just after completion of the
mixing) and at T90 (after 90 minutes), as a function of the
percentage of substitution for the three cement / admixture
ratio. Fig. 7 shows the evolution of the yield stress as a function
of the percentage of recycled sand for the three cement /
admixture ratio. According to Fig. 7, it should be noted that:
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Fig. 7 Variation of yield stress with percentage of substitution in RS: (a) T0; (b) T90
7. dbra A folydsi fesziiltség viltozdsa az tijrahasznositott homok (RS) mennyiségének
fiiggvényeként: (a) T0; (b) T90

At a percentage less than 30% of substitution, the yield
stress is nearly constant at TO and at T90. Beyond this, the
yield stress increases quasi-linearly, whatever the cement /
admixture couple at TO and T90. The “yield stress-substitution
percentage” graphs present clearly the three torques versus
time (T0, T90). The first torque has low yield stress (RS-C2
concretes). The second one has higher yield stress (RS-C1
concretes) and the third one has average yield stress (RS-C3
concretes). Finally, whatever the torque and the percentage of
substitution, the yield stress at T90 is always higher than that
at TO. These differences in results between torques of different
mixes can be explained by the fact that the yield stress varies
significantly according to slump [26-30]. RS-C2, concretes
have higher slump than RS-C1 and RS-C3 concretes, regardless
of the substitution percentage.

b. Development of the plastic viscosity y

The purpose of this section is to study the evolution of the
plastic viscosity at the outlet of the mixer and after 90 minutes
according to the percentage of substitution of natural sand by
recycled sand for three ratios of cement / admixture. Fig. 9
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shows the evolution of the plastic viscosity as a function of the
percentage of recycled sand for the three cement / admixture
ratio. Fig. 9 shows an increase in the plastic viscosity with
increasing of the percentage of substitution of recycled sand.
This increase in the plastic viscosity can be explained by the
increasein theratio (&/ & A *) of concrete when adding recycled
sand due to the action of two mechanisms. On the one hand,
increase in the volume concentration of sand (natural sand +
recycled sand) (&), and on the other hand, the reduction in the
compactness of the granular mixture (natural sand + recycled
sand + natural gravel) (& *) when the substitution content of
natural sand by recycled sand in the concrete increases. The
plastic viscosity of concrete is proportional to this ratio (&
/ & N *) according to the literature [15,31,32]. The increase
in the ratio (& / & A *) therefore leads to an increase in the
plastic viscosity of the concretes. In addition, the same type
of rheometer should be used to measure, and then compare
the rheological parameters of the concretes (yield stress and
plastic viscosity). Indeed, each type of rheometer gives results
that differ significantly according to its configuration.
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9. dbra A plasztikus viszkozitds véltozdsa az tijrahasznositott homok (RS)
mennyiségének fiiggvényeként: (a) TO; (b) T90

c. Discussion

The following conclusions can be drawn from the assessment
of the rheological parameters of concrete made from recycled
sand:

= For substitution content less than or equal to 30%:

Recycled sand has little influence on the amount of
admixture to be introduced into the concrete mixtures
(for a slump of 200 + 20 mm). The slump is maintained
constant at T30 and T90 for the different ratio, except
for RS-C1. Regardless of the cement / admixture
couple, the slump decreases slightly as a function

of time compared to the reference concrete. The air
content and densities of concrete mixtures are almost
constant. The yield stress is practically constant at TO
and T90.

= For substitute content more than 30%: The demand for
admixture increases to reach the desired workability.
Regardless of the time and the cement / admixture

couple, the slump decreases. The slump loss for RS-

C1 mixtures with 100% recycled sand is up to 70%
compared to natural concrete. Regardless of the cement
/ admixture couple, air content increases and densities
decrease.

= Regardless of the cement / admixture couple at TO and
T90, the yield stress increases linearly.

= Independently of the substitution percentage, the
slump decreases with time for each cement / admixture
couple. Concretes made with low C,A cements have a
higher reduction and better maintenance of slump as a
function of time compared to those made with higher
C,A cements. Therefore, the yield stress of concretes
made with C A of RS-C3 cements is lower.

= Regardless of the cement / admixture couple, the yield
stress at T90 is always higher than at T0. Whatever the
time (TO or T90), the plastic viscosity increases steadily
and the total replacement of the natural sand by the
recycled sand increases double the value of the plastic
viscosity. The cement / admixture couple influences
the yield stress and the viscosity of the concrete with
recycled sand.

4.3.2 Effect of recycled coarse aggregate

Fig. 5b shows the torque evolution at different rotational
speed at TO for concretes made with recycled gravel and natural
sand. The results show that the torques increase slightly in a
linear way as a function of speed. Moreover, the torque-speed
curves are distinguished from the cement / admixture ratio.

a. Development of the yield stress T,

The yield stress of concrete made with recycled gravels is
measured by a Couette rheometer (Fig. 6a). The measurement of
this parameter was performed on the three cement / admixture
ratio at times TO and T90. Fig. 8 shows the development of
the yield stress as a function of the percentage of recycled
gravels in concrete mixtures. As seen from Fig. 8, whatever
the percentage of substitution at TO and T90, the yield stress
increases slightly as compared to concrete made with natural
gravel. Three ratio of concrete are used in this test. The first
one has a low yield stress (RG-C2 concretes), up to 60 Pa at
T0 and 100 Pa at T90. The second one has a higher yield stress
(RG-C1 concretes), up to 210 Pa at T0 and 500 Pa at T90 for
100% recycled gravels. The third one has an average yield stress
(RG-C3 concretes). The difference in results between these
three ratios can be explained by same logic as those invoked for
concretes made with recycled sand, specifically that the yield
stress is a function of the slump. Indeed, it has been found that
the RG-C2 ratio has a good hold with respect to the other ratio
(RG-C3 and RG-C1). The evolution of the yield stress for each
substitution percentage is due to its significant variation as a
function of slump [26-30].

b. Development of the plastic viscosity

This part presents the evolution of the plastic viscosity
() of the concretes manufactured with recycled gravels as a

Vol. 72, No. 2 = 2020/2 = . 55
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percentage of substitution, for various cement / admixture ratio
at TO and T90. Fig. 10 shows the obtained graphs. According
to the results, the plastic viscosity of the concretes based on
recycled aggregates increases slightly in comparison with
concretes manufactured with natural aggregates, regardless
of the percentage of substitution. In addition, the concrete
mixture C1 has the highest plastic viscosity and it reaches
a value of 14 Pa.s at TO and 19 Pa.s at T90. This is due to a
significant amount of C,A in this cement, which accelerates
the setting and thus makes the concrete more viscous and less
workable. On the other hand, the pair of concrete C2 that has a
small amount of C,A is characterized by lower plastic viscosity
(5 Pa.s at TO and 3 Pa.s at T90). The cements C3 of the RS-C3
couple present a medium quantity of C,A.
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Fig. 10 Variation of plastic viscosity with percentage of substitution in RG: (a) T0; (b)
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10. dbra A plasztikus viszkozitds vdltozdsa az tijrahasznositott durva adalékanyag
(RG) mennyiségének fiiggvényeként: (a) T0; (b) T90

c. Discussion

Following the assessment of the rheological properties of
concretes made with recycled gravel, the following conclusions
can be made:

56 . = 2020/2 = Vol. 72, No. 2

= To maintain a slump of 200 + 20 mm, the amount of
admixture increases gradually in the concrete when
the percentage of substitution of the recycled gravel
increases.

= At T30 the slump is maintained for the different torques
except for the RG-C1 concretes. In addition, 100%
maintenance loss of concrete made with recycled gravels
(up to 55% for RG-C1 concretes) should be noted.

= A gradual decline in subsidence for the three ratio was
noted up to T90.

= Between the measurement at the mixer outlet (T0), and
the measurement after 90 minutes (T90), for reference
concrete (0% substitution), a loss of workability of up
to 25% is recorded. For concretes with 100% recycled
gravels, a loss of workability of 40% is retained, except for
RG-CI concrete, which has a loss of workability of 70%.

= Whatever the cement / admixture couple, the slump of
the concretes decreases slightly as a function of time.
This decrease is less remarkable in the case of concretes
made from recycled sand.

= The time-dependence of the concretes based on
recycled gravel depends on the cement / admixture
ratio.

= The air content increases slightly as the percentage
of recycled gravels increases. This increase follows a
lower slope than concretes made with recycled sand
concretes, regardless of the cement / admixture couple.

= The air content measured at T90 increases more
pronouncedly as a function of the percentage of
recycled gravels than that measured at TO.

= The cement / admixture couple influences the
yield stress and the plastic viscosity, whatever the
measurement time (TO or T90) and the percentage of
substitution.

= Whatever the percentage of substitution and whatever
the measurement time (at TO and T90), the yield stress
increases slightly compared to that of the concrete
made with natural gravel.

4.4 Compressive strength

Fig. 11 and 12 present the results of the compressive strength
for concrete mixes with cement C1, C2 and C3. It can be seen
that compressive strength of RAC decreases with the increase
in RA content. Two reasons are possible for this state: the first
one is that the strength loss due to the recycled sand adhered
paste contains un-hydrated cement [5]; and the second one
is the increasing porosity is due to the increased paste of the
RS. On the other hand, when the RG percentage increases,
compressive strength of RAC decreases slightly because air
content and density of concrete have a slight variation when
the content of RG increases. Further, the small amount of the
old cement stuck in the RG weakened the structure of concrete
with RS [33]. It should be noted that, the type of cement affects
compressive strength [34,35]. Thus, the combinations C1 and
C3, in which the C,S dosage is lower than of C2, presents weak
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early strength, however, concrete with 100% recycled sand
exhibits a reduction in compressive strength of 45%. This is
because of concrete with RS, which has a low air content and
density. Further, the structure of the mixture is weakened by
cement mortar content in RS. From Fig. 11, it is evident that
the combination cement / admixture at 7 days regardless of the
percentage of RA affects the compressive strength. The RAC
with cement C2 achieved higher compressive strength at 7 days
than that with cement C3 and C1. However, from Fig. 12, 28
days compressive strength is not significantly affected by the
cement / admixture ratio.
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11. ébra  Ujrahasznositott adalékanyag tartalmii beton nyomészildrdsdga (3 kiilonbozo

cement/adalékszer tipus esetén) az adalékanyag helyettesitési mennyiségének
fiiggvényében 7 napos korban: (a) RS; (b) RG

5. Conclusions

The aim of this paper is the comparison of the fresh behavior
of concrete made from recycled sand and recycled gravel. The
results lead to the following conclusions:

= Slump of the concretes produced with recycled gravels

decreases slightly as a function of time, regardless of
the cement / admixture couple tested. This decrease is
less pronounced in the case of recycled sand concretes.

Recycled gravels therefore affect less than recycled sand
on maintaining the workability of concrete.

The air content increases slightly as the percentage of
recycled gravels increases. The slope that represents
this increase is less than that of concretes made with
recycled sand. This observation is evident whatever the
cement / admixture pair used.

For both types of aggregate substitution, whatever the
dosages, the cement / admixture ratios at T0O and T90
influence the yield stress and the plastic viscosity. These
parameters increase in both substitution cases but more
significantly for recycled sand (this increase is slight in
the case of substitution by recycled gravel).

Recycled gravel concretes have workability, air content
and density that develop slightly as a function of the
percentage of substitution. Concretes based on recycled
sand exhibit the same behavior when the substitution
percentage is less than or equal to 30%. Beyond this
dosage, the behavior is not well determined.
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12. dbra Ujrahasznositott adalékanyag tartalmii beton nyomészildrdsdga (3 kiilénbézé

cement/adalékszer tipus esetén) az adalékanyag helyettesitési mennyiségének
fiiggvényében 28 napos korban: (a) RS; (b) RG
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Kivonat

A katonai eredetli fel nem robbant robbanétestekhez kapcsol6déd riasztdsok Magyarorszag
teljes teruletérdl érkeznek a tlizszerészekhez. Minden foldmunka soran, minden épitési tertleten
szamitasba kell venni a veszélyes eszk0z0k okozta nehézségeket. Ezek a granatok és bombak
napjainkban is képesek felrobbanni, veszélyességiik miatt pedig specidlis mddszereket és
eszkdzoket kell alkalmazni a felkutatasukhoz és hatastalanitasukhoz. A 16szermentesités
jelentésen csokkentheti egy-egy épitkezés szervezési feladatait, koltségeit, ezért érdemes
alaposabban megvizsgalni a lehetoségeket.

Abstract

The explosive ordnance disposal unit receives alerts to military origin unexploded ordnances from
the whole region of Hungary. Difficulties make by these dangerous devices has to be considered
during every earthwork or construction works. These projectiles and bombs are able to blow up
and their localization and deactivation requires special methods and equipment. The explosive
ordnance decontamination may significantly reduce the organizational process and the costs of

kutatasokat.
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construction works therefor it is worthy to make a thorough examination of the possibilities.
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1. Bevezetés

Magyarorszag méretét tekintve nem volt a II. vildghdbora
legnagyobb résztvevéi kozé sorolhatd, azonban a foldrajzi
elhelyezkedése kovetkeztében mégis komoly szerepe volt az
eurdpai hadszintéren. A hazank teriiletén folytatott haborus
cselekmények soran jelentds szamban alkalmaztak kiillonb6z6
robbanotesteket.

ATl vilaghabortiazonban tobb mint hét évtizede befejez6dott
és ez felveti a kérdést, hogy mekkora veszélyt jelentenek
a napjainkban el6keriil6 katonai eredetti robbandtestek.
Sziikséges-e eréforrasokat dldozni a felkutatasukra? Képesek-e
halét és anyagi karokat okozni?

A fenti kérdések megvalaszolasira egy kifejezetten
hatarozott igen a valaszom, és a kutatdsommal megprébalom
alatdmasztani ezt a hipotézist, annak érdekében, hogy a
jovében folyd épitSipari beruhazasok, talajmegmunkalasok
el6tt ne legyen kérdéses a tlizszerészeti mentesités végrehajtasa.

2. Mi rejtézik a foldben?

El6szor is meg kell hatirozni, hogy milyen robbandtestek
lapulnak a talajban. A kéznyelv nagyon egyszertien bombaként
azonositmindent, hiszenezaszéhordozzaafigyelemfelkeltéshez
sziikséges hatteret, de valdjaban csak a levegébdl ,ejtett”
robbandtesteket hivhatjuk szakmai értelemben bombanak.
A robbandtesteket az alabbi felosztas szerint tagolhatjuk:
gyalogsagi l6szerek, kézigranatok, puskagranatok, aknak,
kézi pancélelharitd eszkozok és komplexumok, aknagranatok,
tiizérségi granatok és 18szerek, legvégiil pedig a légibombadk.

A fenti tipusok mindegyike el6keriilt mar hazankban és az
1. tabldzat jol szemlélteti, hogy 2019-ben a teljes spektrumot

hatastalanitottdk a tlizszerész katonak. A legnagyobb szdmban
gyalogsagi 16szerek kertiltek el6, majdnem 28000 darab,
azonban szakmai szempontbdl nem ez a legmeghatarozébb
tipus. A kozel 2500 darab tiizérségi granat és a kozel 750 db
aknagranat jelentés mennyiségnek szamit, még akkor is, ha
jelentés szorasrdl beszélhetiink méretiik vonatkozasaban
egy-egy tipuson belill is. Ebben az értelmezésben tiizérségi
granatnak szamit egy 20-30 mm atmér6jti, 100-200 g tomegt
és egy 203 mm 4tmérdjii, 100 kg-ndl nehezebb robbandtest
is. Ami viszont a kézhiedelemmel ellentétben jol kiolvashato,
hogy aknak elenyész8 szamban keriilnek eld, koszonhetéen a
I1. vildghaboru utdn folytatott igen eredményes aknamentesité
tevékenységnek.

Fsz. Tipus Mennyiség [db] Osszesen [db]

1. Aknagranat 747

2. Tuzérségi 2486

3. Kézigranat 364

4. Bomba 386 34768

5. Akna 16

7. Gyalogsagi |0szer 27931

8. Egyéb ~2838

9. Nem robbanétest 3476 3476

1. tablazat A 2019-ben el6taldlt robbandtestek
Table 1 Unexploded ordnances founded in 2019 [8]

Aztisfontostisztazni,hogyankeriiltekatalajbaarobbanotestek,
hiszen ez nagyban hatdssal lesz a kezelésiik, hatastalanitdsuk
modjara, ami jelentdsen befolyasolja a feladat id6észiikségletét.
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Ebben a vonatkozasban megkiilonboztethetiink alkalmazas
el6tti (tarolasi helyzetben van, alkalmazasra el6készitett
helyzetben van stb.) és alkalmazott (vetett, kil6tt, kidobott stb.)
allapotot. Az elsd esetben kissé konnyebb helyzetben lesznek
a tlizszerész szakemberek, hiszen az eszkozok gyakorlatilag
tarolasi helyzetben vannak, bar nem éppen raktarozasi
korilmények kozott. Ilyenkor is szamolni kell nehézségekkel,
hiszen a kornyezet hatdsai ilyen esetben is képesek olyan
fizikai és kémiai valtozdsokat okozni, melyek megnehezitik a
hatastalanitast, masrészt egyes tipusok esetében irrelevans az
allapota, mert minden éllapotaban jelentés veszélyt hordoz.
Az alkalmazott eszkozok esetében szamolni kell azzal, hogy a
mikodtetd szerkezetben vagy gyujtdszerkezetben az élesités
lezajlott és mechanikai hatdsra a gyujtds megtorténhet, az
eszkoz felrobbanhat. Ezek alapjan kijelenthetd, hogy mindkét
tipus esetében fennallhat a fokozott veszély, melyet kizardlag
a hatastalanitasra felkészitett és felhatalmazott tlizszerész
szakember kezelhet.

Ezek a vildghdborts robbandtestek tapasztalataim szerint
leggyakrabban alkalmazott formaban keriilnek el6. Nem
ritka azonban az olyan ,lerakat”, ahol egy egykori tiizel6allas
deponalt harcanyagkészletét egyszertien csak betemették, vagy
az utanpotlas szallitds sordn dontottek a robbanotestekbdl allo
készlet hatrahagyasa mellett.

Fontos megemlitenem, hogy léteznek terror jellegii robbané-
testek, pokolgépek, melyeket a szaknyelvben improvizalt rob-
bandtestnek neveziink. ,,Az improvizalt robbandeszkozok el-
dllitdsdhoz haszndlhatnak katonai vagy polgdri célbél gydrtott
robbandanyagokat, esetenként hdzilag elkészitett robbandanya-
got, elegyet” [1]. Ezek az eszkozok nem képezik dolgozatom
targyat, azok megjelenése nem a jelenleg vizsgalt kortilmények
kozott varhato.

3. A robbanotestek el6fordulasa

Mivel Magyarorszag teljes egészében miiveleti teriilet volt a
II. vilaghaboru alatt, ezért kijelenthetd, hogy az egész orszag
teriilete szennyezett lehet robbanotestekkel. Nyilvan az egykori
harcok intenzitdsa nem volt egyforma az orszdg minden
pontjan, ezért regiondlisan jelentds killonbségek lehetnek. Ettél
fuggetlentil azonban nem lehet kijelenteni egy orszagrészrol
sem, hogy teljesen robbandtest-mentes. , Kiemelten szennyezett
teriiletek a Balaton északi és déli oldala, Székesfehérvdr és
kornyéke, a Margit-vonal menti telepiilések és haszonteriiletek,
a Févdros és kirnyéke, Gyér, Nagybajom térsége, és a Duna” [2].
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1. dbra  Feltételezett robbanétest bejelentések szdma 2000-t61
Fig. 1 Number of alerts of supposed unexploded ordnances since 2000 [8]
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Az elmalt tobb mint 70 év soran folyamatosan dolgoztak a
szakemberek az orszag teriiletének biztonsagosabbd tételén.
Minden évben tobb ezer helyszinrél érkezik bejelentés, hogy
feltételezett robbanoétestek keriiltek elé. Az elmult 20 év soran
atlagosan tobb mint 2400 esethez kellett a tlzszerészeknek
vonulni. Ez a szam is jol mutatja, hogy olyan tevékenység
ez, mely az orszag mindennapjainak szerves része (naponta
atlagosan 6-7 bejelentés) annak ellenére, hogy nem minden
eset kertil a médiaérdeklédés kozéppontjaba.
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2. dbra A 2019-es év bejelentéseinek megoszldsa
Fig. 2 Target-diagram of alerts in 2019 [9]

A Magyar Honvédség 1. Honvéd Tlzszerész és Hadihajos
Ezred (roviditve: MH 1. HTHE) tlizszerészei 2019-ben is
kiemelkedd munkat végeztek. 1986 db bejelentés érkezett
a Tuzszerész Ugyeletre, ami kordntsem elenyészd, tekintve,
hogy Magyarorszag legtdvolabbi részein is el kell végezni
hatastalanitasi feladatokat. Ez a szam 205 db budapesti és
1781 db vidéki bejelentést tartalmaz. J6l latszik tehat, hogy a
bejelentések tobb mint 10% a févarosbdl érkezett, de az alabbi
tabldzat megmutatja, hogy minden megye érintett. Békés-
megye nevéhez hiven a legkevesebb feltételezett robbanétest
bejelentést produkalta, de a lista végén van Nograd, Zala és
Tolna is. A legtobb veszélyes feladatot Fejér-megye adta 355
db bejelentéssel, ami az éves szam kozel 18%-a. Veszprém,
Pest, Budapest, Komarom-Esztergom, Baranya, Gy6r-Moson-
Sopron a 100 feletti bejelentési szimmal pedig a lista el6kelé
helyén szerepel.

A Budapesten bejelentett feltételezett robbandtestek a XII.
és XIV. keriiletekben keriiltek el6 kimagaslé esetszimban,
mig a VIII. keriiletbdl gyakorlatileg egyetlen egy ilyen esetet
lathatunk.

4. A rozsdasodo halal

Sokszor felmeriil a kérdés a laikus emberekben, hogy sziiksé-
ges-e egyaltaldn ezeket a robbandtesteket ilyen érzékenységgel
kezelni. Megmaradt-e a robbandasképességiik? A valasz egyér-
telmd, de nem csak kizarolag a trivialis értelmezésében.

A robbandétestek nem vart felrobbanasa alapvetéen valami-
lyen mechanikai behatashoz kéthet6. Ezt nagyban befolyasolja,
hogy a gyujtdszerkezetben lezajlott véltozasok (pl.: korrézid)
milyen eredményt hordoznak. El6fordulhat, hogy sokkal ki-
sebb energiakozlésre elmiikodik a szerkezet, mert a belsé gat-
16, vagy biztositd szerkezeti egységek mar nem tudjak ellatni
feladataikat, de ennek az ellenkezéje is el6fordulhat. Meg kell
emliteni a kémiai atalakuldsokat is, melyek jelentdsen képesek
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Megye / honap

Budapest 8 19 32 21 20 11 19 19 18 17 14 7 205
Bacs-Kiskun 3 3 3 6 2 7 2 1 1 3 2 1 34
Baranya 3 4 11 6 14 14 12 18 12 12 9 123
Békés 1 0 1 2 2 0 1 1 0 1 1 12
Borsod-Abatj-Zemplén 1 5 12 18 4 4 12 15 11 3 95
Csongrad 1 1 6 8 5 10 4 4 5 5 1 57
Fejér 2 21 60 73 16 30 23 34 35 31 20 10 355
Gyé6r-Moson-Sopron 2 6 18 8 11 5 10 8 15 14 5 0 102
Hajdd-Bihar 1 5 8 8 7 7 10 7 6 7 6 8 80
Heves 1 4 11 13 7 5 4 10 12 3 1 76
Jasz-Nagykun-Szolnok 2 1 8 7 3 2 1 11 5 4 0 48
Komarom-Esztergom 5 6 18 14 6 9 15 13 12 5 9 121
Noégrad 1 2 1 4 2 0 2 5 1 1 1 21
Pest 7 17 a1 45 25 32 28 27 27 35 21 9 314
Somogy 1 2 5 10 7 10 8 5 2 3 4 65
Szabolcs-Szatmar-Bereg 1 4 4 5 3 2 1 44
Tolna 0 1 3 1 0 28
Vas 3 1 4 6 2 6 2 7 4 3 3 0 41
Veszprém 1 7 10 13 8 24 22 10 19 13 8 5 140
Zala 1 3 2 4 2 2 2 1 3 3 1 1 25
Osszesen 45 112 259 284 143 184 185 189 203 190 121 71 1986

2. tabldzat  Feltételezett robbanétest bejelentések orszdgosan 2019-ben
Table 2 Alerts of supposed unexploded ordnances in Hungary in 2019 [9]

Keriilet / honap

I. 1 1 0 1 0 1 0 0 0 0 0 1 5
II. 1 3 3 3 1 0 1 1 2 1 0 0 16
1. 1 0 2 0 2 1 2 1 1 0 1 1 12
V. 1 0 0 1 0 0 0 0 1 1 0 0 4
V. 0 0 1 0 0 0 1 0 0 0 0 0 2
VI. 0 0 1 0 0 0 1 0 0 1 1 0 4
VII. 0 0 0 0 0 0 1 0 0 2 0 0 3
VIIL. 0 0 0 0 1 0 0 0 0 0 0 0 1
IX. 0 0 0 1 0 0 2 0 0 2 0 2 7
X. 0 2 3 1 1 0 2 2 0 0 0 0 11
Xl. 2 0 2 0 1 1 0 3 3 1 4 0 17
Xil. 1 5 9 3 1 3 1 4 1 3 0 0 31
Xl 0 1 1 1 1 0 0 1 0 0 1 1 7
XIV. 0 1 3 3 0 2 2 3 2 4 1 0 21
XV. 0 1 1 1 0 1 2 0 2 0 1 0 9
XVI. 0 0 1 1 2 0 0 1 1 0 2 0 8
XVII. 1 0 0 5 0 2 1 0 0 1 1 0 11
XVIII. 0 1 0 0 4 0 0 1 2 0 1 0 9
XIX. 0 2 1 0 0 0 0 0 0 0 0 0 3
XX. 0 0 1 0 3 0 0 0 1 0 0 0 5
XXI. 0 1 1 0 2 0 0 1 1 0 0 1 7
XXII. 0 0 1 0 1 0 1 0 0 1 0 0 4
XXIII. 0 1 1 0 0 0 2 1 1 0 1 1 8
Osszesen 8 19 32 21 20 11 19 19 18 17 14 7 205

3. tabldzat  Feltételezett robbanétest bejelentések Budapesten 2019-ben
Table 3 Alerts of supposed unexploded ordnances in Budapest in 2019 [9]
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a veszélyességi fok novelésére. A kiilonbz6 robbandanyagok
sok esetben olyan vegyiileteket képezhetnek a fémekkel, me-
lyek az adott robbanodanyagra jellemz6 érzékenységet sokszo-
rosara novelik. Példaként a Trinitro-toluolt szeretném felhozni.
Ennek a széles korben ismert és hasznalt robbandanyagnak a
~fémvegyiiletei olyan robbanéanyagok, amelyeknek lényegesen
alacsonyabb a gyulladdspontjuk, és nagyobb az iitésérzékenysé-
giik” B].

Az energiakozlés egy masik lehetséges modja, mely vétlen
elmikodtetéshez vezet: a tlz. ,A primer robbandanyagokat
nem tekintve a feketel6por az egyediili olyan robbanéanyag, mely
valéban ldng hatdsdra kizvetleniil felrobbanthaté” [4]. Eppen
ezért érdemes elkeriilni, hogy ezek a robbandtestek extrém
hének, langoknak legyenek kitéve (pl.: erdétiiz soran), vagy
szamolni kell felrobbandsukkal.

Mindezeken tdl a robbanéanyagok mérgezd tulajdonsagait
is ismernie kell annak, aki a kezébe vesz egy veszélyes eszkozt.
Ez alapvetGen kevéssé jelentés probléma, mivel ezek a rob-
bandtestek jol zartak, sok esetben hermetikusak az eltelt id6
ellenére. Azonban az esetek jelentds szamaban torétten vagy
sériilten keriilnek el6. Ez egyrészt noveli a kémiai atalakulas
kockazatat, masrészt a robbandanyag toltet fizikailag hozzafér-
het6vé valik. Ilyen tipikusnak szamito eszkoz a szovjet 82 mm-
es repesz aknagrandt, melynek tetrilb6l késziilt detonatora van.
Ez a brizans robbanodanyag erésen toxikus [3], és sok esetben
ez valodi veszélyt is hordoz, mert az aknagranat bakelit gyujto-
szerkezete konnyen letorhetett a becsap6das erejétol.

Ezekbdl a tényekbdl egyenesen fakad, hogy ezeket az
eszkozoket megérinteni kizarolag tlizszerész szakembereknek
szabad, akik sok éven keresztiil tanuljdk kezelésiik
mesterfogdsait. A tlizszerész szakma olyan ismerethalmazon
alapul, melyet laikusként, onjelolt szakért6ként megszerezni
nem lehet, ezért el kell keriilni a felesleges kockazatokat
és minden egyes esetben értesiteni kell a hatdsagokat, ha
feltételezziik, hogy az elékertilt fémtargy egy robbandtest.

Mindenkinek kotelezé bejelenteni a rendérhatosagnak,
esetleg a telepiilés jegyz6jének, ha robbandtestnek tiind
targyat talal, vagy annak hollétérdl tudomast szerez. Itt fontos
megjegyezni, hogy a Magyar Honvédség Tlizszerész Ugyelete
nem fogad kozvetleniil bejelentést az dllampolgaroktol,
mert a vonatkozd jogszabély alapjan a Renddrség feladata a
helyszinen meggy6z&dni a bejelentés részleteirl. A rendérok
a helyszin és az eszkoz szemrevételezése utan elhelyezik a
robbandsveszélyre figyelmeztet6 jelzést, megjelolik a helyszint
ésbejelentést tesznek, majd sziikség szerint kovetik a Tizszerész
Ugyeletes utmutatdsat. Ezt kovet6en a Renddrség bejelentését
az MH 1. HTHE rendszerében kategériaba soroljak, mely
szerint lehetséges soron kiviil intézkedni tlizszerész alegység
kirendelésére, vagy normal esetben 30 napon beliil elvégezni
a feladatokat. A meghatdrozott kategdriarél a bejelentd
tajékoztatast kap, mivel a folyamat csak néhany percet vesz
igénybe. [5]

A jogszabaly 3.5 (3) bekezdése szerint a soron kiviili
kirendelés akkor sziikséges és lehetséges, ha az alabbi helyszinek
valamelyikén keriilt el6 feltételezett robbanotest:

»a) lakéépiiletben,

b) oktatdsi, nevelési, szocidlis,

kozintézmeény teriiletén,

egészségiigyi vagy mds
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¢) vizivagy szdrazfoldi titvonalon, kozforgalmii repiil6téren,

d) kozteriileten,

e) vizi létesitmény belsé véditeriiletén lelték fel és a
vizszolgdltatdst akaddlyozza; illetve

f) az egyéb helyen taldlt robbandtest siirgls tiizszerész

mentesitése alapos okbol indokolt”. [5]

Minden egyéb esetben pedig a 30 napos hataridé érvényes,
az MH 1. HTHE kozszolgalati leterheltségének fiiggvényében.
A példa kedvéért ilyen lehet egy csaladi haz hatsé kertje, ahol
rendezett kerités van és egyéb koriilmény nem befolyasolja
a kategorizalast, de egy kilteriiletei szant6f6ld, vagy erdd
szintén ebbe a kategdriaba esik. Szeretném megjegyezni, hogy
a gyakorlati tapasztalat alapjan a masodik kategéridban sem
kell 30 napot varni a robbandtestek hatastalanitasara, mert a
szakemberek ennél jéval korabban megérkeznek.

5. A tlizszerész teriiletmentesités

Mindezek alapjan ahhoz mar kétség sem férhet, hogy orsza-
gunk barmelyik pontjan jelentds eséllyel fogunk robbandtestre
bukkanni egy komolyabb féldmunka soran, mely szinte min-
den épitéipari beruhazas kezdé mozzanata. Sokan ugy gondol-
hatjak, hogy ez a veszély nem 4ll fenn, ha példaul egy régi épii-
let elbontdsa utan kezdenek az épitkezésbe. Ezt megcafolando,
személyes esetet szeretnék ismertetni, mely sordn egy Buda-
pesten elbontott épiilet tormelékét egy févaros kozeli telephe-
lyen apritottak, zaztak kivanatos méretiire tovabbi felhasznélas
céljabodl. A tormeléket tehat a rombolas utdn deponaltdk, fel-
rakodtdk, elszallitottak, a telephelyen lerakodtak, majd ismét
deponaltak és betoltotték a gépbe. Szerencsére idejében fe-
dezték fel a zizogépbe keriilt szovjet FAB-100 tipustd rombol6
légibombat, melynek tomege 100 kg. A hihetetlen szerencsés
munkafolyamatban hét olyan alkalom volt, ahol a robbandtest
elmiikodhetett volna. Mikézben a kollégaimmal hatdstalani-
tottuk, kideriilt, hogy az APUV tipust gyujtoszerkezete éles
allapotban volt, ezért a miel6bbi megsemmisités mellett don-
tottem. Ezek alapjan a kiilonboz6 foghij telkek beépitése sordn,
kiilonosen ahol a II. vilaghaborut megel6z6 az utcakép [6], is
felmeriilhet a l6szermentesités kérdése.

A fenti eset jOl ramutat, hogy az épitéipari munkalatok so-
rdn még a viszonylag nagyméretli robbanotestek sem keltenek
felttinést, ezért érdemes még a munkagépek megérkezése el6tt
eltavolitani a veszélyes eszkozoket. A teriilet 16szermentesité-
sére tobb megoldas kinalkozik. A piaci szereplék kozott tobb
vallalkozas is képes felderiteni a talajban 1évé robbanoteste-
ket. A MH 1. HTHE szintén végez ilyen jellegli tevékenységet,
azonban ezeket a feladatokat térités ellenében, non profit szer-
vezetként hajtja végre [5].

Ezt a tevékenységet nagyban meghatarozza és behatérolja az
adott vallalkozas technikai felszereltsége, mert a fémtargyak
detektalasara killonbozé elveken és teljesitményen iizemeld
eszkozok alkalmazhatok [7]. Fontos megemlitenem, hogy sok
esetben az atvizsgalasi mélység, a talaj tipusa, fémszennye-
zettsége olyan kombindciéban all 6ssze, hogy nem lehetséges
kizarélag muszeres atvizsgalasra alapozni. Ilyen esetben az
el6zetes miiszeres felderitést folyamatos helyszini biztositassal
kell kombinalni a foldmunkak alatt, mert csak a szakemberek
alland¢ vizudlis felderitésével garantalhatd a biztonsag.
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Mindkét vélasztasnak van elénye és hatranya egyarant, me-
lyet a beruhazonak, megrendelnek érdemes és kell is mérle-
gelnie. A Magyar Honvédség bevondasa a projektbe teljeskorti
megoldast tesz lehetévé a felkutatastdl, a robbanotest hatéasta-
lanitasaig vagy elszallitasdig, de az arképzés a végrehajtas tel-
jes onkoltségét (haszontermelés nem lehetséges) feloleli, mely
nem igazodik a piaci versenyhez, és természetesen nem alku-
képes. A civil szektor vallalkozdsai azonban versenyhelyzetben
vannak, ami hatdssal van az arképzésre, de lehet6ségeik kizard-
lag a robbanotestek felkutatdsaig terjednek. Megérinteni és el-
mozditani nekik is szigoruan tilos a feltételezett robbanoéteste-
ket, bejelentési kotelezettség terheli ket a bemutatott méddon,
melynek végén a MH 1. HTHE tiizszerészei a jogszabalyban
rogzitett hataridékkel hatdstalanitjak az eszkdzoket. Ebben az
esetben a hatdstalanitas és elszallitas kozszolgalati feladat kere-
tében torténik, melynek nincs tovabbi koltségvonzata.

Az elvégzett teriiletmentesités vagy 16szermentesités sok kel-
lemetlenségtdl kimélheti meg a beruhazot, és a projekt kolt-
ségeibdl normal esetben viszonylag kis részt sziikséges erre
forditani. Az épitkezés menetében egy-egy el6keriilt robband-
test rengeteg kart képes okozni, nem is beszélve a szervezési
kaoszrol, amit a kitiritések, allampolgari korlatozasok okoznak.
Ezeknek jelentds pénziigyi teher lehet a vonzata, mig a mente-
sités — jol iitemezve — lehet6vé teheti, hogy az épitési munkak
ebbdl a szempontbol zokkendmentesen haladjanak.

Erdemes tehdt az életveszélyes eszkdzok felkutatasara
erdforrast aldozni, de nélkiilozhetetlen, hogy ezt jol idézitve,
a partnercéget jOl megvalasztva (nem kizardlag az ar szamit,
mert a technikai felszereltség, tapasztalat kincset érhet) és ko-
riiltekintd szervezéssel tegyilk meg. Erdemes fontoléra ven-
ni hatdstanulmany készitését szakérté bevonasaval, melynek
eredménye megmutatja a mentesités vélhet sziikségességét.
A leendé partneriink kivalasztasira és a szakmai munkaja-
nak ellenérzésére szintén jol képzett szakember megbizésaval
garantalja az elvart célt. Amennyiben a robbandtest szennye-
zettség miatt indokolt a munkateriileten dolgozok szamara - a
biztonsag novelése érdekében - elézetes robbanotest felismerd
felkészitést is rendelhetiink.

6. Megallapitasok

A dolgozat 6sszegzéseként kijelenthetd, hogy Magyarorszag
teriiletének szinte minden részén elékeriilhetnek II. vildghdbo-
rus robbandtestek, melyek képesek az emberi élet kioltasara.
A pusztité képességiikre az elmult évtizedek kdrnyezeti esemé-
nyei, valamint a lehetséges kémiai folyamatok jelent6s hatassal
lehettek, és ez tovabb fokozhatja veszélyességiiket. Ez a veszély

és képesség mindazon tdl, hogy életeket tud elvenni, komoly
karokat is okozhat egy baleset soran.

A talajbol el6keriil6 robbandsra képes katonai eredetti eszko-
z0k bejelentését nem lehet félvallrél venni, az mindenkire néz-
ve kotelezd érvényd, és kizarélag a tlizszerész szakemberek sza-
mara lehetséges a robbanétestek megérintése és elmozditasa.

Erdemes atgondolni a projektek megkezdése eldtt a
l6szermentesités végrehajtasat, hiszen a folyamatban 1évé be-
ruhdzasokra jelent6s negativ hatdssal van egy-egy el6keriilt
robbanotest. Biztonsagi és anyagi értelemben véve is fontos
mérlegelni az adott teriilet mentesitését, mert mindkét vonat-
kozasban el8nyos lehet. Szakért6 bevonasaval magasabb szint-
re emelhet a végrehajtas mindsége, optimalizalhatok a koltsé-
gek a varhato eredmények tiikrében.
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Abstract

A new conductive material was fabricated from polymer (poly-acrylonitrile) modified with carbon
nanotubes. The polymeric material was used to produce of self - modified electrode in cyclic
voltammetry. It is well known that when using solid electrodes in electrochemistry, especially in cyclic
voltammetry, the electrode works independently in electrolytic conductivity. Therefore, we modify
the electrode using carbon nanotubes or other nanomaterials to increase electrical conductivity and
obtain high oxidation - reduction current peaks with clear chemical reaction comparing with the
electrode in its natural state, (such as glass electrode, platinum electrode, gold electrode and other
commercial electrodes). The modification of commercial electrode with carbon nanotubes was acted
either mechanical method (manually) by modifying the working electrode with multi attachment
of the electrode surface with carbon nanotube (about 30 times). The fabrication electrode is
characterized by its special properties, as it is inert, with high potential area, excellent reliability,
high hardness, resist to high temperature, water and organic solvents, its low cost (relative to the
commercial electrode), non-toxicity, high stability and high accuracy in the analysis of oxidation-
reduction process. And has high sensitivity to the chemicals, pollutants and has excellent selectivity.
Keywords: cyclic voltammetry, poly-acrylonitrile, CNT, polymer self-modified with CNT
Kulcsszavak: ciklikus voltammetria, poliakrilnitril, szén nanocsdvek (CNT), CNT-vel médositott polimer
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1. Introduction

Some advanced techniques in conductive polymers were
presented using nanoparticles within to produce different
applications in the electrochemical field [1-5], such as working
electrode of cyclic voltammetry with high electro-conductivity [6].

It was observed that in mixed nanomaterials, high damping
can be achieved by using friction between the nanotubes and
the polymeric material. The aim of this research is to study the
damping properties in the structures of the mixed material
supported by nanotubes of various rubber ratios. The damping
properties of samples for pipe ratios between 0-0.6% were
studied and tested in practice. By comparing the raw material
of the base and the base with the additive, it was observed
that the damping was improved by adding nanotubes to the
mixture. Practical results showed that the maximum damping
ratio (damping factor) was 0.4% of carbon nanotubes [7].

The effect of carbon nanotubes on the electrical properties
of polyvinyl chloride has been studied. Examples of polyvinyl
chloride composites and carbon nanotubes prepared using
thermal pressing technology. Weight ratios of carbon
nanotubes are (0, 5, 10 and 20) wt.%. The results show that
continuous electrical conductivity increases with increasing
weight ratios of carbon nanotubes. Continuous electrical
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conductivity also changes with increasing temperature for
different concentrations of carbon nanotubes. The activation
power of the continuous electrical conductivity decreases with
increasing the concentration of carbon nanotubes [8].

Carbon nanotubes were used to strengthen the epoxy
mixture with polysulfide and assessed the tensile and wear
characteristics. In order to achieve a better evaluation of
properties, several ratios of nanomaterials were used and
mixed with epoxy resin. Poly sulfide was then added to the
mixture. Nanocarbon coefficient has increased from 245-273
MPa and the tensile strength of 30.5-38.9 MPa and fracture
stress from 12.4% to 14.2%. Electronic elements [9].

Carbon nanotubes were employed using covalent recruitment
and in two phases. The employed carbon nanotubes were coated
with copper metal using (Electroless coating process). Three
groups of superposed copper nanoparticles were prepared
using powder technology with different weight ratios of carbon
nanotubes. The first group contained carbon nanotubes as
they were, the second group contained the employed carbon
nanotubes, while the third group contained coated carbon
nanotubes. The comparison of these samples showed that the
coating process significantly improved the hardness and wear
resistance of the superposed nanomaterial. The improvement
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in properties can be attributed to increased adhesion to the
ground and dispersion of carbon nanotubes. SEM, XRD, and
FTIR were used to characterize the coating process as well as to
characterize metal-based nanomaterials [10].

2. Experimental

2.1 Apparatus

Cyclic voltammetry (CV) was performed with an
EZstat apparatus (NuVant Systems, USA) consisting of an
electrochemical cell connected to a computer [11]. Reference
silver chloride electrodes were placed in 3mol potassium
chloride. A 1mm platinum wire used as counter control
electrodes [12]. A glassy carbon electrode (GCE) was polished
with alumina solution and ultrasonic waterpath 10 min to
maintain performance and remove impurities [13-15].

2.2 Materials

Poly-acrylonitrile was received from SCRC, (China), carbon
nanotubes (purity 99%) were supplied by Fluka company
(Germany), Potassium ferrous cyanide K Fe(CN), (Merck
Sante SAS, Germany), KCI, KCIO,, K.SO,, K, HPO,, and KNO,
(Technicon chemicals, Tournai, Belgique). deionized water and
added 0.1 mM of K Fe(CN), solution in a cyclic voltammetric
cell with the GCE, reference and counter electrodes immersed
in the fluid as shown in Fig. I.

Fig. 1 Cyclic voltammetry experimental setup
1. dbra  Ciklikus voltammetria kisérleti osszedllitdsa

2.2.1 Manufacture of poly-acrylonitrile modified with
carbon nanotubes (CNT)

Poly-acrylonitrile was modified with carbon nanotubes were
manufactured using the thermal method [16].

2 g of poly-acrylonitrile was mixed with 1 mg of carbon
nanotubes using 50 mL of chloroform as a solvent and heated at
50 °C with continuous mixing using a magnetic bar (magnetic
bar) for 72 hours for use in diagnostic analyzes and electrode
fabrication.

2.2.2 Fabrication of self-modified polymer with carbon
nanotubes

The working electrode is made of self-modified polymer with
carbon nanotubes by taking a piece of it in a circular diameter
of 5 mm and a thickness of 2 mm. The other is connected with
a copper wire and all the parts are covered with a glass tube and
fixed with epoxy adhesive as shown in Fig. 2.

copper wire

classy tube

platinum wire

polyacrylonitrile modified with CNT pnl)'acr}'[onjtrile self modified with CNT

L R P

Fig. 2 Poly-acrylonitrile self-modified with CNT as working electrode
2. dbra  CNT-vel mddositott poliakrilnitril munkaelektréda

2.3 Characterization studies of the new modified polymer
2.3.1 FTIR infrared spectra

The infrared spectra of the poly-acrylonitrile alone is shown
in Fig. 3 and its comparision with the polymer modified carbon
nanotubes in Fig. 4.

//
1/ \
7.

Fig. 3 Infrared spectrum of poly-acrylonitrile
3. dbra A poliakrilnitril infravoros spektrum elemzésének eredménye
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Fig. 4 Infrared spectrum of polyacrylonitrile after modification with carbon
nanotubes rile
4. dbra A CNT-vel médositott poliakrilnitril infravoros spektrum elemzésének eredménye

3.2.2 X-ray study of the new modified polymer

The study of X-ray spectra of the polymer material (poly-
acrylonitrile) emergenced of two peaks as shown in Fig. 5
comparing with the modified polymer material with carbon
nanotubes which showed the emergence of a new third summit in
the polymer composition of the nanomaterial as shown in Fig. 6.

3.2.3 Study of polymer modification with nanomaterials

One of the three methods indicated by Manas, 2006 and Zinco,
2010 was used to modify the polymers either by the free radicals
of the gamma rays, the ionic method or the thermal method. The
thermal method was adopted in the preparation of the modified
polymeric material with nanomaterials. The composition of the
nanomaterial entry through the poly-acrylonitrile was proposed
as per the scheme proposed in Fig. 7 [17].
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Fig. 5 X-ray spectrum of poly-acrylonitrile
5.dbra A poliakrilnitril rontgenspektruma

Fig. 6 X-ray spectrum of poly-acrylonitrile after modification with carbon nanotubes
6. dbra A CNT-vel médositott poliakrilnitril rontgenspektruma

I—O—I
0O—QOQ—=T

Fig. 7 Proposed formula for carbon nanotube-modified poly-acrylonitrile
7. dbra A CNT-vel médositott poliakrilnitril javasolt formuldja

3. Results and discussion

3.1 Effect of potential area

The potential area of the polymeric electrode (polymer
modified with carbon nanoparticle) was compared with
commercial working electrode such as glassy carbon electrode
(GCE) in KCI 1 molar solution. It was noted that the area of
potential of the polymer electrode is greater than the potential
area of the glassy carbon electrode. The polymer electrode
covers an area of -1.8 to + 2.0 volts, while the commercial
electrode (GCE) covers an area of less than -1.5 to +1.8 volts.

3.2 Effect of different electrodes

The standard 0.1 molar compound of K,[Fe(CN),] was
used to calibrate the cyclic voltammeter in aqueous solutions.
Oxidation - reduction peaks of the iron were observed in Fe
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(IIT) / Fe (II) as shown in Fig. 8 of the both working electrodes,
modified polymer electrode and glassy carbon electrode
(GCE). It was observed that the potential difference between
the oxidation and reduction peaks is E._ =100 mV and the
ratio of the current value of the cathode-to-anode peaks (I .
/1) is equal to 1, which represents the standard value of the
reversible electrodes.

40ul
Polyacrylonitrile self modified with CNT electrode |
3Duh- e
20uh - | . N
10uA -
3
g oA
=
A »
-10uA - ;
£ glassy carbon electrode
~20uA A HlA -
-NUA—‘
-40uA- T 7 7 T 7 T 7
400mV  -200mV ov 00mV  400mV  600mV  BOOmV v 12v
Potential

Fig. 8 Cyclic voltammogram of 0.1M Fe ions in 0.1M KCl using (green line) polymer
electrode modified with CNT and (red line) glassy carbon electrode
8. dbra 0.1M KCl-ben 1év6 0.1M Fe ion ciklikus voltammogramja CNT-vel
modositott polimer elektrodat haszndlva (zold) valamint karbon elektrodat
haszndlva (piros)

3.3 Effect of scan rates on self - modified polymer electrode

At the different scan rates (0.01 - 0.1 Vs-1) of 0.1 mM
K,[Fe(CN) ] in 0.1 M KCl solution the CV were studied using
polymer electrode modified with CNT manufactured in the
laboratory. It has been observed that the electric current of the
oxidation and reduction peaks of Fe(III)/Fe(II) increases with
increasing scanning rate, which indicated that the phenomenon
of heterogeneous kinetics is shown in Fig. 9. When plotting
oxidation and reduction (Ipa and Ipc) versus scan rate, a
straight line was shown as in Fig. 9 and 10 respectively, and the
sensitivity values were high because the graphical line matched
the device results [18].

40uA Curent 7]
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Fig. 9 Cyclic voltammogram of 0.1M K [Fe(CN) ] in 0.1M KCl at different scan
rates (red line) SR=0.1 mV/sec (green line) SR==0.01 mV/sec using polymer
electrode modified with CNT.

9. dbra 0.1M KCl-ben 1évé 0.1M K [Fe(CN) ] ciklikus voltammogramja CNT-vel
médositott polimer elektréddt haszndlva kiilonbozdé mintavételi sebességeken
(Zold: SR=0.1 mV/sec; Piros: SR=0.01 mV/sec)

3.4 Measurement of Fe(IT)/Fe(III) in different concentration

The new electrode is a highly sensitive electrode in detecting
low concentrations of aqueous solutions and, as evidenced by the
use of the standard solution K, [Fe(CN),] in a 0.1M KCl solution.
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Fig. 10 Plot the oxidation current peak of K [Fe(CN) ] at different scan rates on
working electrode of polyacrylonitrile self-modified with CNT
10. abra K [Fe(CN) ] oxiddcids dramcsicsa kiilonboz6 mintavételi sebesség mellett
CNT-vel médositott polimer elektréddt haszndlva
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Fig. 11  Plot the reduction current peak of K [Fe(CN) ] at different scan rates on
working electrode of polyacrylonitrile self-modified with CNT
11. dbra K [Fe(CN) ] redukciés dramcsiicsa kiilonbozd mintavételi sebesség mellett
CNT-vel médositott polimer elektréddt haszndlva
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Fig. 12 Cyclic voltammogram of 0.1M K [Fe(CN) ] at different concentrations in
0.1M KCl using polymer electrode self-modified with CNT at SR=0.1 mV/sec
versus Ag/AgCl

12. abra  0.1M K [Fe(CN) ] ciklikus voltammogramja CNT-vel médositott polimer
elektrédat haszndlva kiilonbozé koncentrdciok mellett (SR=0.1 mV/sec; vs.
Ag/AgCl)

3.5 Study the polymer self-modified with CNT in different
pH

The CV technique demonstrated the high sensitivity of the
synthesized electrode in different pH levels (for both acidic
and alkaline medium) on the oxidation and reduction peaks

of 1 mM K [Fe(CN), ] in 0.1 M KClI as an electrolytic solution
on the self-modified polymer with carbon nanotubes where
shows in Fig. 13, a significant sensitivity in various acidic and
basic solutions. Fig. 14 shows the relationship between the pH
medium against to oxidation current peak of the iron ions.
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Fig. 13 Cyclic voltammogram of 0.1M K [Fe(CN) ] in 0.1M KCl using polymer
electrode modified with CNT in alkaline pH and acidic medium at SR=0.1
mV/sec versus Ag/AgCl

13. dbra  0.1M KCl-ben Iév6 0.1M K [Fe(CN) ] ciklikus voltammogramja CNT-vel
médositott polimer elektréddt haszndlva savas és liigos kozegben (SR=0.1
mV/sec; vs. Ag/AgCl)
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Fig. 14  Plot of oxidation current peak of K [Fe (CN),] at different pH (acidic and
alkaline) using polymer electrode self-modified with CNT against to Ag/AgCl
as reference electrode and scan rate at 0.1Vsec’!

14. abra K [Fe(CN) ] oxiddciés dramcsiicsa kiilonboz6 pH (savas és ligos) mellett
CNT-vel médositott polimer elektréddt haszndlva vs. Ag/AgCl mint referencia
elektréda (SR = 0.1Vsec™)

3.6 Effect of different electrolytes

The different electrolytic solutions have a clear effect on
the oxidation and reduction peaks of 1 mM K [Fe(CN)] in
terms of the current as well as voltage when using the polymer
electrode. It was found that the highest degrees of the electric
current was increaseed the oxidation and reduction peaks
according to the following sequence:

Anodic current: KCI> KCIO,> K, SO,> K,HPO, > KNO,
Cathodic current: KCI> KCIO,> KNO,> K, SO > K HPO,
On this basis, the best electrolyte solution supported in the

study of the modified polymer with carbon nanotubes is KCL.

3.7 Scanning Electron Microscopy (SEM) for polymer
modified with CNT

The scanning electron microscopy of the polymer modified
with carbon nanotubes have been studied as shown in Fig. 15.
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It was noted that the figure shows the surface of the electrode
was overlapped, impermeable, compact and punctuated by
strings represented by carbon nanotubes.

SEM MAG: 500 x Det: SE ] NanoLAB-MOST
SEMHV: 20.0kV | Date(midly): 03/31/19 | 100 pm

Fig. 15 SEM of polymer modified with CNT
15. dbra A CNT-vel médositott polimer pdsztizo elektronmikroszkép alatt

3.8 Study Atomic Force Microscopy (AFM) of polymer
modified with CNT

Fig. 16 shows the atomic force microscopy of the surface of
the synthetic electrode in the regular image of the polymer,
which overlaps with carbon nanotubes and highly homogeneity
and regulation was the high proportion of the measurement of
carbon nanotubes of 20-100 nanometers as shown in Fig. 17.

Fig. 16 AFM of the polymer modified with CNT
16. dbra A CNT-vel médositott polimer atomerdé-mikroszkdp alatt

3.9 Study of reproducibility and stability of self-modified
polymer with carbon nanotubes

The potential and current stability of the new electrode
was studied by the standard solution of K,[Fe(CN),] in KCI

68 . = 2020/2 = Vol. 72, No. 2

solution. The CV is obtained by proving the redox peaks in
the relation between current and voltage. Fig. 19 shows the
overlapping of cyclic voltammogram of ten times of redox
peaks of Fe(IT)/Fe(III), which indicated the stability of the new
fabricated electrode.

11. Average Size histogram

-
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Average Size range ,nm
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Fig. 17 The diagram of the percentage average dimension of nanoparticles in the
polymer modified with CNT from AFM analysis
17. dbra A CNT-vel médositott polimer nanorészecskék méretének szdzalékos eloszldsa
az AFM elemzés alapjin
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Fig. 18  Cyclic voltammogram of 0.1M K [Fe(CN) ] in 0.1M KCl at ten times using
polymer working electrode modified with CNT
18. dbra  0.1M KCl-ben 1év6 0.1M K [Fe(CN) ] ciklikus voltammogramja 10-szer
ismételve CNT-vel modositott polimer elektroddt haszndlva

4. Conclusions

The new polymeric working electrode was manufactured
because of its importance in the analysis of electrochemistry,
especially in the cyclic voltmeter can be used in several aspects:
1. Used as an alternative to commercial solid electrodes

used in the cyclic voltmeter because it is better
than electrochemical analysis (in terms of electrical
conductivity).

2. It can be used as an alternative to electrodes used in
acidity measurement (pH meter).

3. The electrode can be used as a self-modified carbon
nanotube in the rotary electrode technique which can
be used with high efficiency by electrolysis since the
oxidation and reduction current at high value.
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Abstract

Calcined clay (CC) is a promising pozzolan recently attracting research attention globally.
Various investigations have shown the desirable attributes of the material as a Supplementary
Cementitious Material (SCM) in cement concrete systems. This paper captures the compressive
strengths impact of calcined clay-Portland cement (CC-PC) as binders in both concrete and
soil systems. Grade 20 concrete cubes were prepared and tested; adopting five CC-PC binder
blends obtained by replacing PC with CC at O(control), 5, 10, 15, and 20%; designated as PC100,
PC95, PC90, PC85, and PC80, respectively. Similarly, four CC-PC binder blends PC100(control),
PC75, PC50, and PC25 were adopted to stabilise samples of A-2-6 lateritic soils at increasing
content of 0, 2.5, 5, 7.5, 10% of the soil's weight. Results show that compressive strengths of
the concrete samples increase with cement replacement. PC80 impacts the highest strengths
with 7, 28 and 56-day strength activity indices (SAls) of 174.7, 126.0 and 144.9%, respectively.
In soil stabilisation, unconfined compressive strength (UCS) of the soil was found to increase with
binder contents (2.5% to 10%) for the four binder designations. Compared to control (PC100), the
PC75, and PC50 binders were better stabilisers with 7 and 28-day SAls ranging between 105 and
275%, respectively. From the results, for applications across concrete and soil stabilisation works,
CC has been shown to be a potential supplementary material for mitigating carbon emission
without compromising on strength enhancement.

Keywords: calcined clay, compressive strength, binder blends, cement concrete, soil stabilisation
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1. Introduction

The need for reduction in carbon footprints has continued to
be a front-burning discussion in environmental sustainability.
In response to this, research efforts have been geared towards
finding eco-friendly, cost-effective alternatives to Portland
cement, which contributes about 10% of carbon emission
globally [1-2]. Moreover, considering thelikelihood of increased
cement demands (especially in developing countries), possible
supplements should have an appreciable level of commercial
availability to meet up with these demands.

Calcined kaolin clay (calcined clay, CC) has been reported as
a promising supplementary binder in civil engineering works. It
has been regarded as reactive and its production eco-friendlier
than cement’s [1-4]. This paper documents the comparative
performances of CC in cement concrete and soil stabilization
works. The idea is to project the broader view of the applicability
of this pozzolan across different civil engineering uses.

2. Materials and methods

Raw kaolinite clay was obtained from a deposit reported
to have abundance of the material with the kaolinite mineral
content being as high as 95% [5]. Chemical properties are also
typical of kaolin clay [6]. The clay was milled and calcined
700°C for 1 hour based on the previous findings of the authors
[6]. The calcined samples sieved using 90pm sieve to have
samples whose fineness compares closely with cement.
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The work was executed in two stages. The first was to use
calcined clay (CC) in cement concrete. CC-PC concrete cubes
of grade 20 were prepared with ordinary Portland cement (PC)
grade 32.5, CC and aggregates (fine and coarse aggregates in
line with standard [7]). Five sets of 150mm concrete cubes were
produced and designated as PC100, PC95, PC90, PC85, and
PC80; corresponding to replacement of Portland cement (PC)
with CC at five levels of 0%, 5%, 10%, 15% and 20% respectively.
The samples were tested for their compressive strengths at
increasing curing ages. The sprinkler curing method was applied
to simulate a typical curing technique at construction sites. The
concrete cubes were uniformly sprayed twice daily (sunrise and
by sunset) with water to obtain thin films of water round them.

The second stage was to stabilise samples of fine-grained
(A-2-6) lateritic soils using four CC-PC blends designated
as PC100, PC75, PC50 and PC25; corresponding to PC
replacement levels of 0%, 25%, 50% and 75% respectively. Each
blend was applied at 0%, 2.5%, 5%, 7.5% and 10% of the soil’s
weight, respectively; the 10% limit considered as adequate in
line with [8]. The soil-stabiliser mixes were compacted, cured
and tested for the unconfined compression strength (UCS).

3. Results and discussion

Table 1 presents the compressive strengths of the CC-PC
concretes. Generally, the strengths of the PC95, PC90, PC85,
PC80 specimens were comparable to control’s (PC100). These
were typical of grade 20 concretes. The PC80 samples produced
the highest 28-day and 56-day strengths of 24.36 N/mm?
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and 28.00 N/mm?, respectively. The corresponding strength
activity indices (SAIs) were 126% and 144.9%; indicating
that the strengths were enhanced with the adoption of CC as
cement supplement up to the 20% level. Thus, apart from the
potential of reducing dependence on cement and mitigating
the associated carbon emissions, strength enhancements are
achievable with CC-PC blends.

Binder

7-day strength 28-day strength

56-day strength

Designation
PC100 9.06 (100.0%) 19.33 (100.0%)  21.15 (100.0%)
PC95 8.41 (92.8%) 19.29 (99.8%) 22.64 (117.1%)
PC90 9.11 (100.6%) 17.60 (91.1%) 20.00 (103.5%)
PC85 16.00 (176.6%)  20.74 (107.3%)  23.82(123.2%)
PC80 15.83 (174.7%)  24.36 (126.0%)  28.00 (144.9%)

Note: Strength Activity Indices are presented as a % of PC100

Table I Compressive strengths (N/mm?) of the CC-PC concretes
1. tdbldzat CC-PC betonok nyomészildrdsdga (N/mm?)

The results of the UCS are also presented in Table 2a and 2b.At
0% stabiliser content, the 7-day strength (0.8 N/mm?) did not vary
significantly from the 28-day strength (0.9N/mm?) since there were
no binders whose impact can improve the soil strength. These UCS
values are lower than the minimum of 1.8 N/mm? recommended for
base course materials for flexible road pavement [9-11]; indicating
a weak soil which requires stabilisation. The results show that the
binders PC100 (control), PC75 and PC50 successfully improved
the strength of the soil above the required threshold.

Binder Total binder %
Designation (o, 2.5% 5% 7.5%
Pe2s 080 (4%-249 (405-.585%) (402-.210%) (410-.280%)
PCs0 080 (2721.32.3%) (15'5:?(1)1%) (1?7?3%) (13.5:].-;-%)
PCT5 080 (1358%) (22&%%) (2367.‘71%) (13%‘?\;%)
PC100 080 (186?5%) (fO%%) (13&)?8%) (136?3%)

Note: Strength Activity Indices are presented as a % of PC100; for each binder content

Table 2a  7-day unconfined compressive strength of stabilised soil (N/mm?)
2a tdbldzat Stabilizdlt talaj 7 napos nyomoszildrdsdga (N/mm?)

Binder Total binder %
Designation oo, 5 5o 5% 7.5%

PC25 0.90 0.97 1.76 2.13 3.36
(87.4%)  (88.9%)  (83.2%)  (91.1%)

PC50 0.90 2.97 3.19 3.58 4.47
(267.6%) (161.1%)  (139.8%) (121.1%)

PC75 0.90 2.31 4.63 4.98 5.80
(208.1%) (233.8%) (194.5%) (157.2%)

PC100 0.90 1.11 1.98 2.56 3.69
(100.0%)  (100.0%)  (100.0%)  (100.0%)

Note: Strength Activity Indices are presented as a % of PC100; for each binder content

Table 2b  28-day unconfined compressive strength of stabilised soil (N/mm?)
2b tablazat  Stabilizdlt talaj 28 napos nyomoszildrdsdga (N/mm?)

The SAIs indicate that PC75 and PC50 can comparatively
replace the control (PC100) with satisfactory performances.
PC50 presented comparably higher strength while optimum
strengths were obtained with PC75. Thus, for soil stabilisation,

potential savings of up to 50% in PC usage (by extension, 50%
reduction in accruable carbon emission) can be achieved with
CC-PC blends, as indicated in the result. The PC25 did also
improve strength but at a later curing age.

4. Conclusions

The optimal strengths achieved in adopting CC in concrete and
soil stabilisation works indicates possible benefits accruable from
adopting this pozzolan in civil engineering works. The material has
shown the potential of mitigating carbon emission by replacing
cement by as much as 20 to 50%, respectively, depending on the
required engineering use and without compromise on strengths.

The details of the mechanism of reaction of this pozzolan,
especially in soil-binder systems remain to be fully investigated.
This will help capture the reactive phases with the CC based
systems. With this, the protocol for the application of CC as
binder can be established for stakeholders. Research progress
on the durability of the CC-based systems needs be properly
documented, as well, in details.
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Abstract

This work sought to assess the suitability of using boards produced with plaster of Paris (P.0.P) and
various weight proportions of groundnut seed coat (GSC) as well as P.0.P and similar proportions
of waste newspaper paste (WNP) as ceiling in building design. The results obtained from the
investigation of thermal and mechanical properties of the fabricated boards revealed that with
the use of GSC as filler, the samples were of higher mean values of specific heat capacity, thermal
conductivity, thermal absorptivity, but lower mean values of bulk density, thermal diffusivity,
percentage water absorption, flaking concentration and flexural strength when compared to the
samples with similar proportions of WNP as filler content. Also, the sample with 13.8% content
of GSC and the one containing 22.5% of WNP were found to exhibit an impressive performance.
Generally, it was observed that the samples filled with either GSC or WNP were lighter than pure
P.0.P samples and the recorded values for all the measured properties favoured them for use
as ceiling material in buildings. It is noteworthy that the proportion of the filler can be adjusted
for optimum performance of such environmentally-friendly and cost-effective ceilings. Utilizing
groundnut seed coat and waste newspapers as filler materials in fabrication of P.0.P ceiling can
help to reduce environment pollution level, ensure better thermal insulation of buildings and
solve the lingering problem of high cost of using P.O.P or other conventional materials as ceiling
in buildings by the end-users.

Keywords: ceiling, flaking concentration, flexural strength, recycling, specific heat capacity,
thermal conductivity, waste materials

Kulcsszavak: fodém, hajlito szilardsag, Gjrahasznositas, fajlagos hdkapacitas, hovezetd képesség,
hulladék anyagok

1. Introduction

ceiling, among others.
In any building design, ceiling is one of the most important & 5
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polyvinylchloride (PVC) ceiling, Plaster of Paris (P.O.P)

It has been reported that even at low concentration, asbestos

structural elements that require consideration with priority.
Energy consumption increases as demand in thermal comfort
of building raise [1]. Ceiling plays a vital role in shielding
the occupant from direct heat absorbed from an external
environment by the building roof. Stating in another way,
ceiling is a finished surface that conceals the underside of a
building roof to impart aesthetic appeal and also prevent
thermal influx to the room, thereby promoting comfort as well
as safety of individuals. Based on the used materials, various
types of false ceiling include asbestos ceiling, gypsum ceiling,
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has a significant health risk [2]. The findings made by [3, 4]
also supported such report. Therefore, when considering the
fact that gypsum ceiling can be easily damaged by water from
a leaked roof and PVC ceiling is not heat-resistant, P.O.P
ceiling becomes preferable among them. Usually, PO.P is
manufactured as a dry powder and when it is mixed with water,
it is possible to produce paste which in turn is used for ceiling.
The mixing process generates heat through crystallization and
the hydrated P.O.P then hardens in mold after few minutes.
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Apart from its attractive nature, P.O.P ceiling almost requires
no maintenance and has a long-life-span. Such tendencies
make it a suitable material for sustainability in real estate
industry.

But sustainable building materials have to be cheap [5] in
order to make housing affordable, accessible, easy to own
and maintain [6, 7]. In that case, there is no doubt that the
high cost of P.O.P experienced for years now has contributed
immensely to the bane of development of housing in particular
and construction sub-sector at large. Also, it is obvious that
one way of solving the evolving problem due to high rise in
the cost price of building materials is the production of new
engineering materials that are cheap but can perform optimally
when used for structural applications.

This research work, therefore, seeks to develop a new kind of
composite material using P.O.P with groundnut seed coat (also
known as testa) and waste newspaper (un-useful and discarded
newsprint materials). The choice of groundnut seed coat and
waste newspaper is primarily due to their cheap availability in
addition to high volume generation as municipal solid wastes
[8, 9] without safe disposal techniques. Kaz et al [10] opined
that if this situation persists, the current annual production of
about 2.01 billion metric tons of such solid wastes will increase
by 70% with the possibility of their overall generation increasing
to 3.40 billion metric tons by 2050 as estimated by world
bank. Due to the global problems associated with solid waste
management [11], it has been observed in recent times that the
waste materials in question are usually disposed of by burning
in an open air. This practice has the potential of bringing
about serious environmental issues that can substantially affect
human health and climate. Specifically, this work is aimed at
using recycling method to prevent the accumulation of the
said waste materials in our environment. The thermal and
mechanical properties of the developed composite boards
will be investigated in order to ascertain their suitability to be
used as a ceiling in building design. Among other advantages,
it is hoped that this work will provide useful information to
engineers, builders, researchers and so on.

2. Experimental perspective

2.1 Materials

The following major materials were used in this research
work; water, groundnut seed coat (collected from groundnut
sellers as waste product of blanching process), waste newspapers
(obtained from newspaper vendors) and P.O.P (ABS 3Se
bought from building materials store). These materials were
sourced within Uyo metropolis, Akwa Ibom State, Nigeria.

2.2 Method

2.2.1 Processing of the groundnut seed coat and waste
newspapers

A large quantity of the as-received groundnut seed coat was
soaked in cold water in a plastic bucket at 30°C. This process
helped to remove any dirt and unwanted materials from it.
After 10 hours, it was removed and sun-dried completely
before being blended by means of an electric blender. Also, the

waste newspaper was shredded into tiny pieces with the aid
of an electrical paper shredder (Rexel V125). Warm water was
put into another plastic bucket and the paper pieces produced
were soaked in it for 24 hours. This was necessary in order to
make the paper smooth, soft and unable to affect the amount of
water needed for plaster reaction. On removing them from the
water, they were lightly squeezed with hand (to remove some
water absorbed) and then pounded by means of mortar and
pestle to form paste. The paste was subjected to continuous
sun-drying and weighing until its weight remained constant.
Fig. 1 shows the dry forms of the blended groundnut seed coast
(GSC) and waste newspaper paste (WNP).

T

Fig. 1 Dry forms of (a) blended GSC and (b) WNP
1. dbra (a) GSC és (b) WNP szdritott formdban

2.2.2 Fabrication of test samples

Using hand lay-up technique, samples containing the P.O.P
and various weight proportions of the blended groundnut
seed coat were prepared. Then after, other samples of similar
proportions but with the dry waste newspaper paste as
content were formed. The weight ratio of water to the sample
composition was 1:2 throughout the preparation process.
While the prepared samples for thermal conductivity test were
cast in a 240mm x 240mm x 18mm mold, those for other tests
were poured into a mold of dimensions 210mm x 120mm x
10mm. For each composition, five representative samples were
developed per proportion, precured for 40 minutes at room
temperature and then sun-dried until there was no reduction
in the weight of each of them before they were used for tests in
this work.

2.3 Tests implementation
2.3.1 Bulk density

This property expresses the degree of compactness of matter
in a given material considered. In this work, the sample was cut
into a reasonable size and its mass was determined by weighing
using analytical balance (METTLER TOLEDO, PL 203).
Then after, the bulk volume of the sample was determined by
modified water displacement method [12]. In this case, white
candle wax discarded as waste was melted and used in surface-
coating the sample. The thickness of the glass cylindrical tube
was measured with digital micrometer screw gauge and the
external diameter of the tube was measured using digital vernier
calipers. Complete immersion of the coated sample was ensured
after which the height through which water was displaced in
the tube was measured with metre rule. The bulk density of the
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sample (uncoated) was computed using the relation
M
e 1)

p:

where p = bulk density of the sample, M = mass of the sample, V_
= volume of the candle wax coating on the sample, V. = volume
of the coated sample and (V_ - V) = bulk volume of the sample.

2.3.2 Specific heat capacity

Determination of this property was done by using mixture
method of calorimetry, employing temperature-cooling
correction [13, 14]. However, instead of using boiling water to
heat the sample under investigation, a modified procedure was
applied in this work. The mass of an empty copper calorimeter
with its stirrer and that of the sample were measured. After
filling the calorimeter with a reasonable amount of cold
water, the mass of the water alone was determined. Then after,
the system was well lagged and its initial temperature was
measured by means of a copper-constantan thermocouple.
Also, a stainless-steel container was filled to about 18mm of its
depth with dry sharp river sand (free from impurities) screened
with mesh No. 10 of US sieve. The sample was embedded in
the sand in such a way that it did not make any direct contact
with the container. While heating the container, when the
temperature of its content remained unchanged for some
seconds, the sample was quickly transferred by tongs into the
water contained in the calorimeter. In order to determine the
actual final steady temperature of the gently stirred mixture,
the temperature-cooling correction value was added to the
observed steady temperature value. Also, for any component
of the system, the quantity of heat lost or gained in the process,
as the case may be, was calculated as the product of its mass,
specific heat capacity and change in temperature (in relation to
the actual final temperature of the mixture). By assuming that
there were no heat losses to the surroundings, the specific heat
capacity, ¢ of the sample was calculated using the formula
Qct Qw

MAT 2)

where Q_= quantity of heat gained by the calorimeter and its
stirrer, Q = quantity of heat gained by water in the calorimeter,
M = mass of the sample used and A® = change in temperature
of the sample on cooling.

c=

2.3.3 Thermal conductivity and thermal diffusivity

Measurement of data for determination of thermal
conductivity of each sample in this work were carried out
in accordance with ASTM C518 procedure [15]. The data
were obtained using Heat Flow Meter (HFM 100 series) as
described elsewhere [16]. This meter is equipped with Peltier
heating / cooling plates for rapid temperature control. Its two
flux sensors are for accurate monitoring of heat flux generated
as a result of difference in temperature between the top and
bottom plates at regular intervals. Based on Fourier’s law, when
the steady-state heat flux was observed, the data obtained were
applied to calculate the sample’s thermal conductivity value
according to the relation
k=25 3)

AAB
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where k = thermal conductivity of the sample, x = thickness
of the sample, Q = amount of heat flowing through the sample,
and AO = temperature difference between the top and bottom
plates.

For each of the samples, the values of thermal conductivity,
bulk density and specific heat capacity got were used to
compute its thermal diffusivity, A as [17]

k

A= E (4)

2.3.4 Water absorption

Porous ceiling materials are known to have the tendency to
absorb and retain water if it gets in contact with them. Since,
as ceiling materials, the samples are likely to come in contact
with water if there is leakage in the building roof, this test was
performed to assess the extent to which the samples in this work
can behave in such situation, Each dry sample was weighed
before all of them were immersed immediately in water at
32°C. After 24 hours, they were removed from the water and
allowed to surface-dry before each of them was reweighed. The
data obtained were used to determine the percentage water
absorption based on the equation [16]

M) 100% (5)

d

w.A=(

2.3.5 Flaking concentration and flexural strength

The durability of materials that can undergo tear and wear
when they are worked on can be predicted from the degree
of their abrasion resistance. Such prediction is possible with a
known value of a material’s flaking concentration. In this work,
a Taber Linear Abraser (Model 5750) was used for the test. The
machine has a mechanical arm to which a free-floating test
system is attached. Both sides of the sample were cleaned using a
lint free cloth after which the mass of the sample was measured.
The sample was then placed on the table and secured with
sample holder in such a way that the area to be tested lined up
with the abradant. Also, the abradant was refaced with a bristled
brush pad before the commencement of the test. For each of the
test samples, a test speed of 70 strokes per minute was used with
50 cycles of back-and forth movement of the arm. At the end
of each test, both sides of the sample (flaked) were cleaned and
the sample was weighed. The data obtained were utilized in the
calculation of flaking concentration using the formula

my
Fe= 0 (6)
where F_= flaking concentration of the sample, m, = difference
in the mass of the sample after the abrasion test, m = mass of
the sample before being subjected the abrasion test.

The flexural strength was tested for each of the samples using
a three-point bending method as stated in [18]. A test speed
of 50.0mm.min"' was maintained for each test schedule until
fracture occurred [16]. Then the value of maximum load, L
applied at that instant, length of the support span, d as well as
the width, b and thickness, x of the sample were applied in the
computation of flexural strength, o as

3Ld

o= (7)

 2bx2
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All the tests in this work were carried out at room temperature
with + 2°C variations. For each test, the five representative
samples developed were made use of and also, the results
obtained were tabulated and analysed.

3. Results and discussion

The experimental data got from the analysis involving
samples with groundnut seed coat (GSC) and those associated
with samples containing waste newspaper paste (WNP) are
recorded in Table 1 and Table 2 respectively. For 0.0% content of
either GSC or WND, the data are meant for pure plaster of Paris
(P.O.P) samples. The mean values of the data are presented,
with their uncertainty, as the experimental results in Table 3.

It can be seen from Table 3 that the addition of either GSC
or WNP to the P.O.P decreases the mean values of bulk density
and thermal conductivity. Samples containing the GSC are
observed to have lower values of mean bulk density and higher
values of mean thermal conductivity than their counterparts
containing the WNP. In the case of bulk density, this shows
that the densest material among the three is P.O.P followed by
WNP. Also, in the case of thermal conductivity, it is due to the
capability of the WNP to create more pores within the samples
and that consequently gives rise to existence of more enclosed
dead air space (void) after the fabrication process. Thus, since
air is a poor conductor of heat, the samples with WNP content

then become more thermally insulating than those containing
GSC of similar proportion. As can be deduced from Table
3, the mean thermal resistivity (reciprocal of mean thermal
conductivity) value of the PO.P is (3.829 £ 0.059) W'mK while
the highest mean value for the samples with GSC content and
the highest mean value for the samples containing WNP are
(6.557 £0.013) W'mK and (8.097 + 0.118) W'mK respectively.
These mean thermal resistivity values portray improvement
in thermal insulation ability at 31.3% by (41.62 + 0.92) %
for GSC content and (52.72 + 1.80) % for using WNP as a
component of the samples. The implication of this observation
is that although the developed samples with GSC are lighter
than those with WNP content of similar proportion, they are
not as effective as the later in terms of ability to restrict heat
transmission across their thickness.

From Fig. 2, it is obvious that the mean values of both bulk
density and thermal conductivity decrease with the proportion
of either GSC or WNP added to the P.O.P. This finding is fully
supported by the report of Faiza et al [19]. The possibility of
this phenomenal trend is based on the fact that since the size
of the fabricated samples is fixed in this work, increasing the

GSC or WNP content leads to decrease in the proportion of
the P.O.P which eventually results to decrease in bulk density
of the sample because of increase in its number of interstices
through which air may pass easily.

Weight Sample Bulk Specific Thermal Thermal Water Flaking Flexural
fraction Code Density, Heat Conductivity, Diffusivity, Absorption, Concentration, Strength,
of GSC p Capacity, ¢ k A W.A F, o

(kgm3) (Ukg1K1) W) (10"m?s'?) (%) (10?) (N/mm?)

0.0% S1 1360.89 1586.34 0.2637 1.221 13.28 0.038 5.230

S2 1353.29 1622.85 0.2528 1.151 14.24 0.041 5.210

S3 1363.83 1577.34 0.2730 1.269 12.92 0.037 5.236

S4 1356.62 1596.66 0.2539 1.172 14.08 0.040 5.211

S5 1360.49 1610.69 0.2625 1.198 13.68 0.038 5.217

7.5% G1 1175.00 1757.81 0.2347 1.136 15.87 0.778 1.343

G2 1162.00 1775.95 0.2267 1.099 15.99 0.779 1.342

G3 1152.66 1820.70 0.2182 1.040 16.02 0.919 1.330

G4 1154.46 1817.58 0.2257 1.076 16.00 0.848 1.333

G5 1150.21 1831.46 0.2173 1.032 16.04 0.991 1.322

13.8% G6 1011.79 2000.80 0.1800 0.889 20.45 1.277 0.525

G7 1020.91 1953.55 0.1808 0.907 20.23 1.226 0.526

G8 1030.14 1952.00 0.1934 0.962 19.52 1.097 0.543

G9 1027.48 1948.98 0.1873 0.935 19.73 1.157 0.540

G10 1025.73 1949.28 0.1865 0.933 19.95 1.212 0.528

22.5% G11 898.99 2207.74 0.1680 0.847 22.54 1.533 0.460

G12 924.07 2177.33 0.1744 0.867 22.47 1.524 0.501

G13 899.77 2200.96 0.1688 0.852 22.53 1.530 0.477

G14 927.64 2170.69 0.1796 0.892 22.45 1.473 0.503

G15 922.89 2186.34 0.1736 0.860 22.49 1.529 0.480

31.3% G16 843.89 2460.21 0.1524 0.734 29.15 2.192 0.165

G17 856.69 2409.97 0.1533 0.743 29.12 2.188 0.169

G18 842.32 2466.89 0.1521 0.732 29.21 2.274 0.162

G19 851.66 2438.81 0.1527 0.735 29.13 2.191 0.167

G20 839.83 2484.61 0.1518 0.727 29.26 2.281 0.160

Table 1 Experimental data from the analysis involving the samples with GSC
1. tdbldzat A GSC-vel késziilt mintdkon végzett vizsgdlatok mérési eredményei
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Weight Sample Bulk Specific Thermal Thermal Water Flaking Flexural
fraction Code Density, Heat Conductivity, Diffusivity, Absorption, Concentration, Strength,
of WNP P Capacity, ¢ k A WA F, [y

(kgm'3) (Jkg K1) (WmK?) (10'm3sY) (%) (103) (N/mm?)

0.0% S1 1360.89 1586.34 0.2637 1.221 13.28 0.038 5.230

S2 1353.29 1622.85 0.2528 1.151 14.24 0.041 5.210

S3 1363.83 1577.34 0.2730 1.269 12.92 0.037 5.236

sS4 1356.62 1596.66 0.2539 1.172 14.08 0.040 5.211

S5 1360.49 1610.69 0.2625 1.198 13.68 0.038 5.217

7.5% w1 1217.41 1566.20 0.2106 1.105 20.99 1.433 3.058

W2 1222.95 1561.85 0.2116 1.108 20.82 1.544 3.068

w3 1209.95 1567.98 0.2074 1.093 21.08 1.374 3.052

w4 1189.99 1597.57 0.2063 1.085 21.16 1.491 3.049

W5 1189.87 1604.56 0.2053 1.075 21.34 1.436 3.040

13.8% W6 1088.63 1553.25 0.1783 1.054 27.08 2.081 2.397

W7 1090.14 1545.17 0.1792 1.064 26.98 2.043 2.403

w8 1081.17 1558.23 0.1767 1.049 27.19 2.082 2.386

W9 1116.09 1534.21 0.1829 1.068 26.69 1.985 2.424

W10 1098.66 1543.49 0.1804 1.064 26.88 1.986 2.418

22.5% w11 1049.54 1531.35 0.1457 0.907 33.79 4.279 1.258

w12 1028.34 1549.92 0.1378 0.865 33.77 4.331 1.251

w13 1036.59 1535.01 0.1381 0.868 33.77 4.332 1.279

w14 1051.55 1529.49 0.1463 0.910 33.88 4.279 1.279

W15 1055.59 1520.73 0.1484 0.924 34.14 4.199 1.283

31.3% w16 936.15 1505.64 0.1274 0.904 41.87 7.713 0.858

w17 913.78 1521.79 0.1183 0.851 43.00 7.891 0.845

wi1s 922.01 1514.25 0.1253 0.897 42.54 7.790 0.850

W19 919.54 1521.36 0.1198 0.856 42.78 7.878 0.848

W20 927.19 1512.15 0.1269 0.905 41.96 7.721 0.852

Table 2 Experimental data from the analysis involving the samples with WNP
2. tablazat A WNP-vel késziilt mintdkon végzett vizsgdlatok mérési eredményei

e Bulk Density with GSC as filler
3 Bulk Density with WNP as filler o
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Fig. 2 Mean values of bulk density and thermal conductivity with filler proportion
added to PO.P.
2. dbra  Testsiiriiség valamint hévezetd képesség az alabdstromgipszhez adagolt
kitoltéanyag mennyiség fiiggvényében

The results registered in Table 3 also reveal that, while
increase in the proportion of GSC causes increase in the mean
specific heat capacity values of the samples, the reverse is
shown when the content of WNP increases. This portrays the
fact that the specific heat capacity value of the P.O.P is less than
that of GSC but greater than that of the WNP. It means that
more heat will be required by samples containing GSC than
those fabricated with WNP content in order to effect a change
in the temperature of their unit mass.
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In the case of thermal diffusivity, the mean values for samples
containing GSC are slightly lower than those recorded for the
samples with WNP content. This may be attributed to the
GSC having a higher value of specific heat capacity than that
of WNP. Despite the opposite trend observed in terms of the
mean specific heat capacity values, a direct relationship exists
between the mean values of thermal diffusivity and thermal
conductivity with respect to the variations in the contents for
both cases of GSC and WNP in the prepared samples. The
fact portrayed by such link involving thermal conductivity
and thermal diffusivity is that as the ability of the samples to
allow heat pass across their thickness decreases, the speed at
which such heat diffuses through them decreases as well. This
is certainly in agreement with their mathematical relationship
adopted (for use) and expressed as equation 4 in this work.
By considering the reported thermal diffusivity value of 1.8 -
2.0 x 10"m?s™* for dry wood panel products [20], there is no
doubt that although the spread of heat will be slower within
samples with GSC component than in their counterparts
containing WNP, the samples (used in this work) have lower
rates of distribution of thermal disturbance than dry wood
panel products.

Moreover, samples developed with the WNP as filler have
higher values of mean water absorption than those containing
the GSC. This may be due to the impermeable tendency of GSC
and hydrophilic nature of WNP. In other words, the WNP has
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Waste
Content

Weight
Fraction
n

Bulk
Density,

Specific Thermal
Heat Conductivity,
Capacity, ¢ k
(Jkg 1K) (WmiK?)

P
(kgm®)

Mean values of the test properties

Thermal Water
Diffusivity, Absorption,W.A
A (%)
(107"m3s?)

Flaking Flexural
Concentration, Strength,
F, (10%) o

(N/mm?)

GSC 0.0%  1359.02 159878  0.2612+0.0040  1.202 + 0.024 13.64 +0.26 0.039 + 0.001 5.221
+2.11 +9.10 +0.005
75%  1158.87  1800.70  0.2245+0.0035  1.077 + 0.021 15.98 + 0.03 0.863 + 0.043 1.334
+4.96 +14.73 +0.004
13.8% 102321  1960.92  0.1856+0.0027  0.925+0.015 19.98 +0.19 1.194 + 0.036 0.532
+3.67 +10.36 +0.004
225%  914.67 218861  0.1729+0.0023  0.864 +0.009 22.50 + 0.02 1518 + 0.011 0.484
+5.73 +7.41 +0.009
31.3%  846.88 245210  0.1525+0.0003  0.734+0.003 29.17 + 0.03 2.225 +0.019 0.165
+3.37 +14.93 +0.002
WNP 0.0%  1359.02 159878  0.2612+0.0040  1.202  0.024 13.64 + 0.26 0.039 + 0.001 5.221
+2.11 +9.10 +0.005
75%  1206.03  1579.63  0.2082+0.0013  1.093+0.007 21.08 + 0.10 1.456 + 0.034 3.053
+6.62 +8.54 +0.006
13.8%  1094.94  1546.87  04795+0.0012  1.060 + 0.004 26.96 + 0.10 2.035 + 0.019 2.406
+6.98 +4.81 +0.008
225% 104432 153330  0.433+0.0021  0.895 0.012 33.87 £ 0.07 4.284 +0.027 1.265
+5.45 +5.84 +0.006
31.3% 92373  1515.04  0.1235+0.0018  0.883+0.011 42.43+0.23 7.799 + 0.036 0.851
+ 4.47 +3.23 +0.003

Table 3 Statistics of the measured properties of the samples
3. tabldzat A vizsgdlt tulajdonsdgok mérési eredményeinek statisztikai elemzése

a stronger affinity for water compared to the GSC. The nature
of both GSC and WNP also plays a critical role in the abrasion
resistance of the prepared samples. As can be seen from the
results presented in Table 3, the flaking concentration increases
with the filler content and results in the highest recorded
mean value at 31.3% content of the GSC or WNP. Based on
the value of 2.0 x 102 reported by Berge [20] to be the flaky
concentration of asbestos, it can be rightly remarked that the
samples developed in this work are less flaking than asbestos
by at least (88.87 + 0.09) % with GSC content and (61.00 +
0.18) % with WNP as component. This simply means that
the said samples are better than asbestos in maintaining their
original structure and appearance by resisting mechanical
wear. Although the abrasion resistance is higher in the case of
using GSC than that of WNP as fillers, the samples with WNP
content exhibit better flexural strength than those formed with
similar proportion of GSC.

Fig. 3 clearly depicts how the mean percentage values of
water absorption as well as mean flexural strength values
vary with the proportion of the filler used. For instance, it can
be deciphered that as the mean percentage values of water
absorption increase with the added proportion of the GSC or
WNP, a slight stability tends to occur between 13.8% and 22.5%
of the filler content in the case of samples containing GSC. On
the contrary, the mean values of flexural strength decrease with
increase in the filler proportion and this observation resonates
with the research findings reported by Al-Shabander [21].

In general, the results obtained in this work reveal that the
mean thermal conductivity values of the samples fall within
the range (0.023 - 2.900) Wm'K"! recommended by [22], for
good heat-insulating and construction materials. Also, all the
materials fabricated with either the GSC or WNP content

are lighter than the pure PO.P sample and this is an enviable
characteristic of the new engineering material sought for. Again,
at 0.05 level of significance, Chi-square test of the recorded
results reveals that there is a significant effect of varying the
proportion of the fillers on the samples’ mean values of the
properties investigated. Though the mechanical performance
reduces as the thermal properties of the samples improve, it
is likely that the sample with 13.8% of GSC content and the
one containing 22.5% of WNP can exhibit an impressive

performance when used in buildings as ceiling.

45 - - 6

—— Water absorption with GSC as filler
—— Water absorption with WNP as filler
— Flexural strength with GSC as filler
Flexural strength with WNP as filler

40

Mean value of Water absorption, W.A (%)
T
w

Mean value of Flexural strength, s (N/mm:)

Weight fraction of the filler (%)

Fig. 3 Mean values of percentage of water absorption and flexural strength with
filler proportion
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4. Conclusions

Based on the experimental results obtained in this work,
it was found that mixing PO.P with either GSC or WNP
resulted in new engineering materials with improved thermal
properties. Also, it was observed that whether GSC or WNP is
chosen for use as filler, its weight proportion can be adjusted
to obtain a new material with P.O.P which can then be used as
ceiling that is capable of exhibiting desirable physical, thermal
and mechanical properties. Again, the new materials formed
are cost-effective and environmentally-friendly. Therefore,
since groundnut seed coat and waste newspapers are readily
available as waste materials, using them as fillers in making
P.O.P ceiling will enhance their utilization instead of allowing
them to accumulate in the environment, help to reduce the
cost of using PO.P as ceiling in buildings and ensure better
thermal insulation of buildings, and so on, thereby meeting the
needs of end-users.
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