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CARBON PRODUCED FROM FRUIT WASTE:
EFFECT OF COMPLEX TYPE AND AMOUNT OF
ADSORBENT ON ADSORPTION

Lecturer Dr. Hacer Sibel KARAPINAR!
Prof. Fevzi KILI(;EL2

Scientific and Technological Research & Application Center, Karamanoglu
Mehmetbey University, 70200, Karaman, Turkey, sibelkarapinar@kmu.edu.tr

2 Department of Chemistry, Karamanoglu Mehmetbey University, 70200, Karaman,
Turkey, fevzi@kmu.edu.tr


mailto:fevzi@kmu.edu.tr

4 || FUNDAMENTAL ASPECTS OF ENGINEERING SCIENCE



1. INTRODUCTION

Environmental pollution is a negligible problem that affects the health
of people by increasing industrialization. For example, large quantities
of contaminants are discharged to the environment without
pretreatment (Alvarez et. al., 2018; Rozi et. al., 2018). These
pollutants mainly include organic dyes, heavy metal ions, excess used
antibiotics, various disruptive chemicals and the like. Adsorption is
the most successful and promising approach due to its ease of use, low
cost, no secondary contaminants and wide availability of adsorbent
materials (San Miguel et. al., 2006; Crini, 2006). Carbon materials,
especially the most commonly used material, have been used for a
long time to remove heavy metals due to their high surface area,
porosity and low cost (Islam et al., 2017). Adsorption processes with
activated carbon are widely used in the separation of dangerous
materials like heavy metals due to their high adsorption ability
(Kamravaei et. al., 2017). From an economic and environmental point
of view, re-use of activated carbon by regeneration is strongly
required on industrial scales (Sun et. al., 2017). In the present study,
the attempts have been made to remove metal ions from aqueous
solution using activated carbon prepared from eriobotrya japonica
seeds as a low-cost adsorbent. In addition, the amount of adsorbent
and the effect of complex species were investigated. According to the
results, it was determined that the adsorption capacity increased as the
amount of activated carbons used in the adsorption increased. In
addition, the metal holding capacities of the ligands were found to be

good.



2. MATERIALS and METHODS

Materials: Eriobotrya Japonica (EJ) was used activated carbon
preparation and was gathered from markets in Karaman.

Preparation of activated carbons: The EJ seeds were distracted
from the fruit and desiccated by heating at 90 “C over night. After that,
the raw material was milled in grinder and screened to 20-200 mesh
particle dimension by standard sieves. The EJ powder was mixed with
the phosphoric acid in rates 1/1 (20g/20g). 300 ml of distilled water
was added to the mixture. The mixtures were dehydrated in an oven at
105 °C for about 36 h. Carbonization was carried out in a hollow
cylindrical stainless steel reactor of 30 cm in width. The reactor has an
inlet and a gas outlet. It is heated with a tubular oven with a
temperature programmer. The samples were heated to final
temperatures of 400, 500 °C with 5 °C min* heating rate samples and
they were stored for 3 hours at final temperatures. After cooling to
room temperature, the resulting activated carbon was boiled in 2 M
HCI to remove impurities. Then it was filtered and washed with pure
water until the pH 7. It was dried at 110 °C in an oven for about 16 h

and weighed to calculate the yield.

Adsorption studies: In the adsorption of chrome and nickel elements
on activated carbon, glass columns with an inner diameter of 1.5 cm
and length of 20 cm were used as experimental setup. 0.4, 0.6, 0.8 g of
activated carbons produced at different temperatures were taken into
columns. Then, 15 mL of the beaker was taken from the standard
solution with Cu(ll) (0.02 mg/L), Ni(ll) (0.05 mg/L) ions and 4 mL of
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benzenesulfonamide (B) and N,N'-ethylenebis (acrylamide) (N)
ligands were added. Beaker solution was added to the column after 60
minutes. The prepared solution was kept on the column for 90 minutes

and passed through the column. The column was measured in FAAS.

The adsorption capacity of Cr*3 and Ni*? are given by the following

formula:

ge= (Co-Ce) xV/m

ge = Adsorption capacity of adsorbent (mg/g, mol/g)

Co = Initial concentration of adsorbate (mg/L, mol/L)

Ce = Concentration of adsorbate (adsorbed substance) at equilibrium
(mg/L, mol/L)

V = Solution volume (L)

m = weight of adsorbent (g)



3. RESULTS

According to Fig. 1, 2; when the SEM images of each active carbon
are taken, AC has a porous structure. The obtained AC displayed a
highly porous structure with various sizes of mesopores and
macropores. FT-IR spectra of AC-H3PO4 (400 and 500 °C), are given
in Figure 3.

According to Figure 3, the existence of the wide and intensive
absorption peak at 3600-2000 cm™? shows the O-H stretching
oscillation of cellulose, hemicellulose, absorbed water, pectin and
lignin. The asset of the peak at 1790 cm™ display the carbonyl (C=0)
tension oscillation of the carboxyl classes of pectin, hemicellulose and
lignin. The peaks in the range of 1250-1000 cm™ may belong to the C-
O stretching oscillation of alcohols and carboxylic acids (Njoku et. al.,
2013). The peaks at 1600 and 1400 cm™ are related to the C-O
oscillations of the carboxyl groups on the acidic oxygen surface and

play a major role in the adsorption of heavy metals.

Adsorption capacity of adsorbents Cu(ll) and Ni(ll) ions are given in
Table 1. The linear Langmuir isotherm graph of Cu(ll) and Ni(ll) ions
adsorbed on activated carbon is given in Fig. 4.
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Figure 1. SEM images of activated carbon produced at 400 °C
carbonization temperature (500 (a), 1000 (b), 2000 (c), 5000 (d)-fold

magnification)

Figure 2. SEM images of activated carbon produced at 500 °C
carbonization temperature (500 (a), 1000 (b), 2000 (c), 5000 (d)-fold
magnification)
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Figure 3. Activated carbon-H3sPO4 FTIR spectra; (a) Raw material
prior to carbonized impregnation with phosphoric acid, (b) AC-
H3PO4 (400 °C), (c) AC- H3PO4 (500 °C)
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Table 1. Adsorption capacity of adsorbents Cu(l1) and Ni(ll) ions

Activated carbon %Ni(ll)  %Cu(ll)
AC-400 °C (B) (0.4 g adsorbent)  91.52 96.32
AC-400 °C (B) (0.6 g adsorbent)  93.69 97.91
AC-400 °C (B) (0.8 g adsorbent)  92.12 95.34
AC-500 °C (B) (0.4 g adsorbent) 95.31 97.56
AC-500 °C (B) (0.6 g adsorbent)  96.43 97.63
AC-500 °C (B) (0.8 g adsorbent)  96.21 97.91
AC-400 °C (E) (0.4 g adsorbent)  70.63 73.65
AC-400 °C (E) (0.6 g adsorbent)  71.15 73.98
AC-400 °C (E) (0.8 g adsorbent) 71.21 72.57
AC-500 °C (E) (0.4 g adsorbent)  72.38 73.02
AC-500 °C (E) (0.6 g adsorbent)  73.89 74.21
AC-500 °C (E) (0.8 g adsorbent)  70.32 73.16
1,67 1,11411‘51
1,66 1,1’35
I 165 I 11
& 1s 8 115
111
izi y= 235_,1x, -0,105 1,1102 y= 571,51221( 1 0,0554
0,00725 0,0073 0,00735 0,0074 0,00745 0,0075 1,095 =
0,00202 0,00204 0,00206 0,00208  0,0021
Ce (mg/L) Ce (mg/L)
(@) (b)

Figure 4. Linear Langmuir Isotherm of Ni(ll) (a), Cu(ll) (b) ions
adsorbed on activated carbon




4. DISCUSSION

The results show that the chemical activation with HsPO4 from EJ
seed is good in terms of specific surface field, pore improving and the
structural order of activated carbon. EJAC- HsPOs4 can be
contemplated as an excellent low-cost and eco-friendly adsorbent. It
was determined that activated carbons absorbed Cu(ll) ions from
water better than Ni(ll) ions. In addition, it was determined that the
adsorption capacity of activated carbons produced by increasing the
activation temperature decreased. The metal holding capacity of the
benzenesulfonamide ligand was found to be superior to the N,N'-
ethylenebis (acrylamide) ligand.
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INTRODUCTION

In this study, the elastic behavior of the cylindrically curved beam,
which is functionally graded for temperature grading in radial direction,
has been analytically investigated. The temperature distribution varies
steadily state as a function of the radial coordinate. The beam is
assumed to be in the plane strain state. In addition, the beam is fixed in
the cylindrical direction by rigid supports and these supports allow
displacement on the ends surfaces of the beam, but the radius of
curvature of the central surface of the beam remains constant. When the
temperature is applied in the radial direction to the curved beam, the
bending moment occurs at both ends due to the support of the supports
and the beam is forced to operate under both thermal and mechanical
loads. The elasticity modulus of the functionally graded beam is
assumed to vary with the power law in relation to the thickness of the
beam. In addition, the effect of the vary in the power law parameter and
with the general mixture law, all material properties of the beam
(modulus of elasticity, density, thermal expansion coefficient, thermal
conductivity coefficient and unaxial yield stress) except for Poisson's
ratio change in radial direction. Thus, all material properties of the beam
vary depending on the power law. Elastic behavior of the curved beam
positive and negative temperatures were examined. Elastic state is
considered according to von Mises yield criterion. The numerical

results were obtained for steel/aluminum curved FGM beam.

Functionally graded material (FGM) are a composite material

consisting of a gradient from one surface to another. In characteristics,




this compositional diversity improves the thermal and mechanical
behavior of the system. In a structure made of FGM, elasticity, density,
heat conduction, etc. have various production methods to meet different
needs. The use of the functionally graded materials has been increasing
and these composite materials have attracted scientific attention e.g.
widely-used thermal assembly process, the studies (Noda, 1999;
Zimmerman and Lutz, 1999; Shao, 2005; Awaji and Sivakumar, 2001,
Evci and Gulgec, 2018; Arslan and Mack, 2015; Peng and Li, 2010;),
modeling, fabrication and properties of the functionally graded
materials (Naebe and Shirvanimoghaddam, 2016; Nemat-Alla et al.,
2011; Birman and Byrd, 2007; Sobczak and Drenchev, 2013).

Deformation behavior of curved beams and methods to increase the
material limits of such bars under varying loads have received
significant attention by researchers. Elastic analysis of wide curved bar
have been given by Timoshenko and Goodier (1970). Shaffer and
House (1957, 1954) have been obtained equations for the elastic-plastic
stress distribution a perfectly plastic wide curved bar and displacements
a perfectly plastic incompressible material wide curved bar subjected to
pure bending. Arslan and Mack (2014) presented analytical solutions
for the elastic-plastic behavior of the panel under the thermal load.
Analytical solution of linear hardening elastic-plastic material in the
work are investigated (Dadras, 2001; Eraslan and Arslan, 2008) and
obtained the behavior for nonlinear hardening material by Arslan and
Eraslan (2010). The classical shell theory have studied the nonlinear

behavior of curved panels under pressure and temperature (Librescu et
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al., 2000; Duc and Van Tung, 2010). Kiani and et al. (2012) investigated
the dynamic behavior of the functionally graded panel in the radial
direction subjected to thermal and mechanical loads. Dryden (2007)
studied elastic bending stresses of functionally graded curved bars.
Mohammadi and Dryden (2008) investigated the the thermoelastic
stress field in a functionally graded curved beam. Their work is
obtained analtically where the radial variation of the stiffness is
represented by a fairly general form. Eraslan and Akis (2006) have
analytical solutions for plane stress and plane strain for the functionally

graded rotating shaft and solid disk.

In this study, analytical solutions for the stress analysis in cylindrically
curved beam are derived under assumption of plane strain state. The
analytical solution for the elastic limit and displacements of the FGM
curved beam subjected to thermal and mechanical loads is obtained. It
is assumed that the material properties of the beam (modulus of
elasticity, density, coefficient of thermal expansion, coefficient of
thermal conduction and vyield stress) are varied in radial direction

depending on the power law.




MATHEMATICAL MODEL

Elastic behavior cylindrically FGM curved beam with a rectangular
cross section (see Fig. 1) under plane strain state condition is
investigated. Figure 1 shows the geometry of the curved beam with the

inner radius a and the outer radius b.

Figure 1. Coordinate system used and curved beam
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Statement of the Problem

The subject of the current investigation is a curved beam (see Fig.1)

with stress-free inner and outer cylindrical surfaces,

ol._, =0, )

r=a

)., =0. @)

In the radial direction, the curved FGM beam is in plane strain state
(e,=0) and is radially displaced by varying T=T (r) temperature

distribution. Displacement of the beam in the radial direction;
r=r,: u=0 ()

Since it is assumed that the initial middle surface where ro =(a + b)/2
does not undergo a radial displacement. Moreover, the couple moments
M that occur at the rigid supports at the circumferential direction can be

defined as
b
M = j o, rdr (4)

Basic Equations

The strain-displacement relations;

du
=—, 5
u 1ov
==+, 6
f0 =" 50 ©)




vV oV
=——+—=0. 7
7/,—9 r ar ()

the equilibrium equation is;

d
Oy :E(ro-r) (8)

Taking into account a variable modulus of elasticity E =E(r) and a
variable coefficient of thermal expansion« = a(r), but Poisson's ratio

(v) constant, the generalized Hooke's law can be given as;

& = E(r)[a v(o,+0,) :|+a(r)T 9)
&g, = £ [ag—v(a -0, ]+a(r)T (10)
g, =0=$ o,-v(o,+0,) ]+a(r)T. (11)

In order to describe the material properties at any point of the curved
FGM beam, general linear mixture law is used. The general linear rule

of mixture reads

Pry (r) =Pr,V,(r) +Pr,V,(r) (12)

where Pr,, denotes material property, and subscripts 0 (zero) and 1

specifies the volume fraction of material. In addition, It has been
suggested that there are pure components on the inner surface of the
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curved beam, 0 (zero) of the curved FGM beam, i.e., Vy(a) = 1 and

with the index 1 indicating the second constituent, it is given as;
V,(r) =1-V, (). (13)

The modulus of elasticity is as follows:

E(r)=E, [gjm , (14)

Egs. (13) and (14) are substituted in Eq. (12) and a straight forward the
relation of the volume fraction coefficient of the constituent 0 are
obtained.

E, (;j —E,
Vo (r) = T E_E (15)
0 1

Then, applying the rule of mixture Eq.12, the coefficient of thermal
expansion a(r) and the density p(r), the uniaxial yield limit oy(r), and

the thermal conductivity k(r), respectively, one obtains

Preff (r) = APr (L) + BPr (16)
a
with
~ E, (Pr,—Pr,) B - E, Pr.—E, Pr, a7
Eo - El Eo - E1

where Pr =g, p, gy, and k, respectively. It is assumed that the Poisson’s
ratio v is assumed to be constant. The properties of materials are

connected to the radial coordinate.




Basic equations for FGM beam can be obtained. First, using Egs. (11),

(14), (16), (17) and &, =0, the axial stress as follows
r m r m
O'Z:v(ar+ag)—Eo(—j [[Aa(—j +BQJT}. (18)
a a

integration of relation (7) gives
v=rf (19)

where fis a function of 8 only. Then, differentiating Eq. (6) with respect

to € and taking into account that both 4 and u depend on r only, one

obtains
o°v
=0 20
Y (20)
and hence;
v=Cro (21)

with the (non-dimensional) constant of integration C1. Hence, based on
Egs. (5), (6), and Hooke’s law (9), (10), ar, and oo can be expressed in
terms of u and its derivative with respect to r (denoted by a prime),

m o fvu ,
E, (;) T+(1_V)u +vC,

=) _(1+V)[Aa (L)m + Ba]T ,

(22)

a
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(1-v)u . C,(1-v)+vu

_EO(ajm (1+v)r 1+v
(1-2v) _{Aa&]mmajT

Egs. (22) and (23) are substituted in Eg. (8) to obtain the differential

(23)

equation for displacement.

A (L m) U ‘“m[l—v 1+m)}u
1-

C,[1-v(2+m ]+m(2A ] (24)

e (1+vT+r[ (rj +BJ1+V

Its solution is

Cr[1-v(2+m)]

U= Czr(—m+s)/2 +C3r(—m—s)/2 n
m

1+v
- 25
25 (1-v)amrms)? )

(2—m—S)r5 (amBaIrf(m_s)/szf"' Aa.[: §(3m_s)/2Td§)

X

~(2-m+ s)(am B, [ £ a4 A, [ §<3’“+5>’2ng)

where C2 and Cs are constants of integration, and

S = |44mz - dmv (26)

1-v




Thereof, solving Egs. (22) and (23), one finally obtains

r m
C]-EO (aj E I,(—2+m—5)/2
Jr = + 0
m(l+v) 2a"(1+v)(1-2v)
x{C,[(2+m+8)v-m-S|+C,r*[(2+m-S)v—-m+S]}

£ oo | (24m=8)r® (a8, [ £ Tde + A, [ €0V Ta
0 a a

+ 2m r r
25a (1—1/) —(2+m+S)(amBaI §(m+S)IZTd§+AaI 5(3m+s)/2-|-d§)
a a (27)
CE, (1+ m)(;)_
m(1+v)
E, {calr‘*z”“*s)’2 [(2+m+8)y—2]+C,rsmo” [(2+m—s)v—2]}
2(1+v)(1-2v)a"

0'9:

E (zm-s)2
0

Tasy)(1-2v)a

rs [(m+S— 2)(2+ (S—m—Z)V)](am BaJ‘a’ gmserq ey AHL' 5(3m—8)/2-|-d§)

+[(m-S-2)(-2+(2+m+ S)v](amBa [[emorTde+ A, [ £OmorTg 5)

—48r# ™ ("B, 41" A, )(1-2v)T (28)
and o obtained from Eq. (18).

In the above basic equations, the three constants of integration, C1, C2
and Cs, must be determined. For the determination of these unknowns,

the conditions Egs. (1) - (3) are available. These conditions lead to
c_ m(1+v)(1-2v)

oa"L(1-v)s

x{2L3(aS —b5)+L2 [as (m_s_(erm—S)V)—roS (m+S—(2+m+S)v)]} (29)
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(1+v)

© " 2a"L(1-v)s{a [m=S—(2+m-S)v]-1; [m+S—(2+m+S)v]}
x{[m+S—(2+m+8)v]LL,
+2[ 2 (1-2v )+ (T [1- (24 m)v ] [m+ S = (2+m+S)v]]
x(1-2v){2L;(a° =b° )+ L[5 [m+S —(2+m+S)v]
-2’ [m-s-(2+m-s)v]]}| (30)

a(—2m+S)/2 (1+V)
C. =
P oosl(1-v){a®[m-S—(2+m-8)v]-r’ [m+S—(2+m+S)v ]}
x{a*?[m-s—-(2+m-S)v]LL, 31)
-2 2a% ™ (1-2v)+ 2 [1-(2+m)v][m-S —(2+m-S)v]]
x(1-2v){2L,(a° -b%)+ L[a* [m-S—(2+m-S)v]
—r;[m+s —(2+m+S)v]]}}
where;

L ={b°[m-S—(2+m-S)v]-r5[m+S—(2+m+S)v]}
x{z Emee2 (1= 20 ) + 5™ (1= (24 m)v) [ m+S — 2+m+S)v]} (32)
~{@’[m-s-(2+m-8)v]-r’[m+S—(2+m+S)v |}

x {20 (1= 20) 4 1™ (1- (24 m)v) [m+ S~ (2+m+ S)v ]}

L, =b®(2-m— s)[am B, [ r™ ) Tdr + A, [’ r(3m‘s)’2Tdr]
—(2+m+S )[am Baj: r(™S2Tdr + A _[: r“’“*s)’ZTdr]

(33)

L=rS(2-m- S)[am B, Lr r(m2Tdr 4+ A Lr r(3m’s)’2Tdr}

(34)
—(2-m+ S)[a’“ B, J': r(™S2Tdr + A j:’ r(sm*s)’szr}




In this way, after the temperature field is determined, the strain and
stress in the beam can be known. Furthermore, by substituting the
circumferential stress oo given in Egs. (28) and (4), couple moment M

is expressed as follows;

v Eo {C1(1+m)(b2+m_az+m)+C2[(2+m—S)v—2]

a" (1+v) |m(2+m) (2+m+S)(1-2v)

><(a(z+m+s)/z _pmes)2 ) B C, [(2 +M+S)v - 2] (a(szs)/z _ sy )
(2+m-8)(1-2v)

EO
+ 2
25" (1-v)
x[am BaJ'b p(m+s)i2 (Irf(mfs)lszf)dr " Aa_[b p(m+s)/2 (J"é(smfs)/szé)dr}
+[2-m+S—(2+m+S)v]
><|:am B, Ib p(m-s)r2 (Jrf(ms)/szf)dr + Aa_[b p(m-s)r2 (Iré(sms)/z-l-dsg)dr:”

E b 1+m b 1+2m
_Wf_v)(Ba-L r le’+AaL r le’)

{[m+8—2+(2+m—8)v] (35)
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Temperature Field

When the temperature change is regarded as steady state, the
temperature increase of inner or outer surfaces is thought to increase
slowly and is calculated independently from time. In this case, it is

governed the differential equation by Peng and Li (2010).
1d dT(r)
r dr[ (r) dr } (30)

With the dependence of the thermal conductivity on the radius given by
Eqgs. (16) and (17), its solution is

[over s ]

T(r)= ey +D, 37)

where D1 and D2 are constants of integration. When the surface

temperature at the inner and outer sides is prescribed as;

T(a)=T T(b)=T, (38)

and give rise to

()= {mln(r/b)+ln[Ak(b/a)m+Bk}—|n[Ak(r/a)m+Bk}}Ta
~min(b/a)-In[A +B]+In| A (b/a)"+B, | (39)
{—mln(r/a)+ln[Ak(r/a)m+Bk}—|n[Ay +Bk]}Tb
: ~min(b/a)-In[A +B,]+In[ A (b/a)"+B,|




Stress Distributions and Effect of Exponential Parameter

With the equations obtained above, the stresses can be calculated. The
von Mises yield criterion was used to determine the elastic limits and

as follows;

oy (r)= O'y(r), oy :\/%[(Ur _Ua)z +(o, -0, )2 +(o, _O_r)Z} (40)

LR L O v . (41)
K, a E, a‘o,,
BT S 5=, p=L (42)
Oyo Q, Oyo Po

where, it should be remembered that the pure FGM component of index
0, r = a, represents a material parameter. The exponential grading index
Mext iN the curved FGM beam is as follows;

In(E,)
Mot = (b) (43)

Thus, depending on whether E1>1 or Ei<1, there hold the relations

O<m<m, or m, <m<O0respectively. To calculate numerically

ext
these equations, material properties and surface radius ratios are
specified. In particular, a beam with radii ratio b/a=1.25, Poisson’s ratio
v=0.3, and Ei1/E0=0.35, a1/@0=1.39, Kki/ko=4.75, ovy1/0y0=0.15,
p1/p0=0.35 is considered. These values correspond to an FGM
composed of steel (index 0) and aluminum (index 1) with pure steel at
r = a (e.g. Nemat-Alla, 2011). The corresponding extremum value for
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the grading exponent is m=m_ =-4.705. Fig. 2 shows the

temperature distribution and the modulus of elasticity corresponding to

different exponential parameter values.

a b
075 @) Loo (b)
070 f 095 |
065 p
m=-1.0 090
@ 0.60 F m=-10
k=) 085 F
E 033 F m==2, 2
E e 3
Z 0.50 p E
2 045 | 2 m=-20
= m=-3 S
,_i 040 F 2 0.70
£ 035 2
= m=-4.0 E m=-30
g 030 F E]
E oo f z
2 2
% 020 m=m_, =—4.705 5 ~ m=-40
5 _ = 050
g 015 F 2
010 F 0.45
005 F 040 m=m_, =—4.705
0.00 - . - . 0.35 -
1.00 1.05 1.10 1.15 1.20 1.25 1.00 1.05 1.10 1.15 1.20 1.25
non-dimensional radial coordmate non-dimensional radial coordinate

Figure 2. Distribution for various m- values (a) positive temperature

gradients (b) modulus of elasticity



Positive Temperature Gradient

Elastic behavior of the steel/aluminum cylindrically curved FGM beam
have been investigated analytically. Stress distributions are calculated
according to different surface temperature conditions. These surface

temperature differences (AT =T,-T,) have been investigated in

accordance with the exponential parameter m, A7> 0 and AT <0. Figs.
3 presents the stresses and elastic limit values of the homogeneous beam

and three different grading exponents. Homogeneous beam made of
steel and appears to yield on the outer surface for m=-10", T, = 0
and AT = 0.982 positive temperature with a homogeneous curved

beam, see Fig. 3a. Figure 3b shows for m=-1.60, T, = 0 and AT =

0.729 the elastic limits in the curved FGM beam. The volume ratio of
the steel on the outer surface of the curved FGM beam is calculated as
53.8% and the volume fraction ratio of aluminum as 46.2%. The onset
of the yield would occur at the outer surface of curved FGM beam.
Figure 3c presents for m=-2.40, T, = 0 and AT = 0.620 the elastic
limits in the beam. The volume fraction ratio of the steel on the outer
surface of the beam is calculated as 36.2% and the volume ratio of
aluminum as 63.8%. The onset of the yield would occur at the outer

surface of beam. Figure 3d shows for m=m,, =-4.705, T, = 0 and

AT = 0.302 the elastic limits in the beam. The volume ratio of the steel
on the outer surface of the beam is calculated as 0% and the volume
ratio of aluminum as 100%. The onset of the yield would occur at the

outer surface of beam.
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Negative temperature gradient
Figure 4 presents the stress distributions for a homogeneous beam and
three different m- parameter for A7 <0, i.e, an increased inner surface

temperature. Homogeneous beam made of steel and appears to yield on

the outer surface for m=-10", T, = 0.900 and AT = —0.900
negative temperature with a homogeneous curved beam (see Figure 4a).
Figure 4b shows for m=-1.60, T, = 0.893 and AT = —0.893 the

elastic limits and stress distributions in the curved FGM beam. The

onset of the yield would occur at the inner surface of curved FGM beam.
Figure 4c depicts for m} =-3.761, T, = 0.911 and AT = —0.911 the

elastic limits and stress distributions in the curved FGM beam. At the

n
cr?

negative temperature and at the critical valuem,, yield occurs

simultaneously on both the inner and outer surfaces of the beam. Figure

4d shows for m=m_, =-4.705, T, = 0.631 and AT = —0.631 the

elastic limits and stress distributions in the curved FGM beam. The
onset of the yield would occur at the outer surface of beam. The elastic
behavior and stress distributions corresponding to the m- values and
occurring in the curved FGM beam for different temperature conditions

are detailed in Figure 5.
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CONCLUSION

In this study, an analytical solution is investigated the elastic behavior
and stress distributions of the Steel/Aluminum curved FGM beam in
the plane strain state under temperature grading in radial direction. It is
considered that the temperature distribution changes as a function of the
radial coordinate and is in steady state. The modulus of elasticity varies
with the thickness of the beam according to the power law.
Accordingly, by applying the general mixture law, the thermal
expansion coefficient, the thermal conductivity coefficient, unaxial
yield stress and the volume fraction vary depending on the power law
(except Poisson’s ratio).

In the positive temperature distribution, the yield in the cuved FGM
beam occurs on the outer surface. But in the negative temperature

distribution, the yield in the curved FGM beam is on the inner surface

until the critical value of m=m; and the yield occurs on the outer

surface for m <m;, . Of course, the outer surface of the beam should not

be ignored.

The equations obtained above can be applied in a different FGMs

component.

Finally, although the above-mentioned closed-form solution requires
certain assumptions for boundary conditions, it is quite striking that the
remaining numerical effort is limited to the integration of the terms that

contain mainly the analytically derived temperature field.
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INTRODUCTION

In this study, a numerical method for the free vibration analysis of a
cracked non uniform beam is presented. It is assumed that the width of
the beam is constant and its thickness varies linearly. Finite element
method is used to find the modal data of the cracked non uniform beam.
The crack in the beam is modeled as a massless spring. It is evident that
a structural defect such as a crack results in a decrease in the overall
stiffness of the structure. Stiffness drops due to the cracks are derived
from the fracture mechanics theory as the inverse of the compliance
matrix calculated with the proper stress intensity factors and strain
energy release rate expressions. The effects of the crack location, crack
depth and thickness ratios on natural frequencies and mode shapes are
investigated by giving several examples. The method given by the
current study can be used for the free vibration analysis of cracked

beams with variable cross sections.

Non uniform cross-section beams are found in many machines and
construction structures. Amirikian (1972) first mentioned the
importance of the variable cross-section structures. An approximate
method for determining static displacements and moments in straight
or variable cross-section beams was developed by Newmark (1943).
Finite difference and finite element methods are the leading methods
for the analysis of varying cross-section beams (Ghali and Neville,
1972; Martin, 1966). Rissone and Williams (1965) performed a detailed
frequency analysis of variable section beams using finite difference

method using Euler and Timoshenko beam theories.
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Studies on the variable cross-section beams with cracks are important
and found to be insufficient in the literature. Just (1975, 1977)
developed the stiffness matrix of variable cross section beams. Free
vibration analysis of non-uniform structures was performed by various
methods such as perturbation technique (Martin (1956)), Euler and
Timoshenko beam theories (Gaines and Volterra (1966, 1968)) and
Rayleigh-Ritz method (Klein (1974)). Thomas and Dokumaci (1973)
developed a varying cross-section beam element using sixth Hermitian
polynomials. Kolousek (1973) developed a dynamic stiffness matrix of
a beam element with a general variable section. Avakian and Bestos
(1976) investigated the free vibration problem of general and nonlinear
variable cross-section beams using dynamic stiffness matrices.
Karabalis and Bestos (1983) proposed a numerical method that can
perform static, dynamic and stability analysis of the beams with
constant width and variable thickness. Takahashi (1998) used the
transfer matrix method to analyze the buckling and vibration of axially
loaded variable cross-section columns with a crack. Franciosi and
Mecca (1998) proposed three types of finite elements for the static
analysis of the variable section beams. The performance of these
elements was shown by various examples and it was proven that the
elements were safe. Al-Gahtani and Khan (1998) developed a method
of analysis for the general boundary conditions of non-prismatic beams.
Zheng and Fan (2001) found the natural frequencies of a multi-cracked
beam with a variable cross section using the Fourier series. Li (2002)
conducted the free vibration analysis of multiple cracked beam. He

modeled the regional flexibility with a massless spring due to the crack
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in the cross-section. Ruta (2002) developed a dynamic stiffness matrix
of variable cross-section bars on elastic foundation. Mazanoglu and
Sabuncu (2010) investigated the bending vibration of non-uniform
rectangular beams with multiple edge cracks along the beam’s height.
Bayat et al. (2011) investigated the nonlinear free vibrations of beams.
In the study the governing equation of the nonlinear, large amplitude
free vibrations of tapered beams were derived.

A new implementation of the ancient Chinese method called the
Max-Min Approach (MMA) and Homotopy Perturbation Method
(HPM) are presented to obtain natural frequency and corresponding
mode shapes of tapered beams. Tan et al. (2018) proposed an approach
to investigate the free vibration of cracked non-uniform beam with
general boundary conditions. One of the advantages of the proposed
method was that it can be used to assess the free vibration of the cracked
non-uniform beams with any variable cross-section form represented

by the polynomial distribution.
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MATHEMATICAL MODELING

Stiffness and Mass Matrices of the Beam with Constant Width and

Variable Thickness.

In this study, free vibration analysis of a cracked beam with variable
cross section is performed utilizing the Finite Element Method. Firstly,
for the modelling of whole beam, the stiffness and mass matrices of a
beam element with two nodes and three degrees of freedom at the each

node are derived(Figure 1).

Figure 1. A beam with constant width and variable thickness
Flexural (Elz(x)) and axial (EA(x)) rigidities at the distance x from the
left end can be given as follows (Friedman and Kosmatka, 1992);

El_(x)=El, [1+a(%D 1)

EA(X) = EA (1+a[%n )

where 1z(x), A(x) indicate the moment of inertia and cross-sectional

area at left end respectively, L is the beam length. o is given by,
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3)

where t1 and t2 indicate the thicknesses at the left and right ends,

respectively.

The stiffness matrix of the beam element with constant width and

variable thickness is given as follows (Haskul, 2010).

[ER o 2L o0 0
Cc C
o A A A ALA
D, D, D, D, (4)
o D, D, D, D,
1o o L o0 0
C C
A A A AA
Dl Dl Dl Dl
o AL-A AL-A  A-AL AU 2AL:A
D, D, D, D,

where the terms A1, A2, A3, D1 and C are given as follows (Haskul,
2010);

L (i)
A:IET(@dK i=1,2,3 5)
D,=A.A - A (6)
1_EAl o (7)
C L |[In(a+))

The mass matrix of the beam element with constant width and linearly

varying thickness can be given as (Haskul, 2010).
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m; 0 0 mj 0 O

B B B B

O mll m12 O m13 ml4

B B B B

[ M ] — O m21 m22 0 m23 m24 (8)

m, 0 O m, 0 O

B B B B

O m31 m32 0 m33 m34

B B B B

L O m4l m42 O m43 m44 _6x6

where the terms m;; 4 and my; 5 are (Haskul, 2010);

ZpALd+a) S pALER+a)

[m]* = (9)

%pAlL(2+a) %pAlL(4+3a)

r1 . 2 i 1 2 -
gpAL(B%—Sa) 4—20pA1L (22+70) mPP&L(ZJfa) —4—20/#\1L (13+6a) (10)

1 1 1
L pAU(8+32) —pAL(13+7a) -—pAL(2
] = gig AL (8+30) AL (18+Ta) g pAL (2+a)

1 1
L OAL(13+100) —— pAL*(22+15
g PAL(I3+10a) —2spAL (22+15a)

. . 1
Simetrik — pAL%(8+5
s 65

where A1 and p indicate the beam cross section area at the left and mass
density, respectively. A1 and a are given by.

A =tW
Lot (11)
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The Stiffness Matrix for the Crack

The amount of energy required for the elongation in front of the crack
is called the strain energy release rate and indicated by J. For plane

strain, J can be given as (Irwin, 1960):

_ 2
J= K,2+1 Y K,2,+1+V

. . UK (12

where v, E, Ki, Ki and K are Poisson’s ratio, modulus of elasticity
and the stress intensity factors for the mode I, 1l and Ill deformation
types, respectively. Due to Castigliano's theorem and stress intensify
factors, the flexibilty coefficients that occur in the structure can be
found. If U is the strain energy of a cracked structure with a crack area
A under the load Pi, then the relation between J and U is

;_U(R.A)

A (13)

According to Castigliano's theorem, the additional displacement caused
by the crack in the direction of Pi is as follows.

L _UPA)
' P

(14)

If Eq. (13) is substituted into the Eq. (14), the following equation is
obtained.

0
u, :a—PiiJ(Pi,A)dA (15)

Thus, the flexibility coefficients are as follows:
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¢ o _ &
" oP, 0OPoP,

J(P,A)dA (16)
If it is assumed that the shear force does not affect the opening of the
crack, the elastic coefficients for the displacement vector (u, v, ) can

be written in matrix form as follows.

Cll 0 C13
C=/0 ¢, O (17)
C31 0 C33 (3x3)

The inverse of the elasticity matrix will yield the stiffness matrix for a

node point. The stiffness matrix is given as follows:

Css 0 Ci3
2 2
—Cj3 +CpCy3 Ci3 —CyCs
[c]" = 0 1 0 (18)
Ca
Ci3 0 Cy
2 2
L Ci3 —CpiCq —Ci3 +CpCy 13x3

For a beam with two nodes and three degrees of freedom at the each
node, the stiffness matrix caused by the crack in the crack section is

obtained as follows.

K. { el —[C]‘l} ) (19)

-[e* el

where, Ker is the stiffness matrix that occurs in the beam due to the

crack.
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Vibration Analysis of a Variable Cross-Section Cracked Beam

It is known that the crack in the structure causes a certain stiffness drop.

Stiffness matrix for cracked beam [K]wer can be found as follows.
(Kl =[K]+[K], (20)

The equation for undamped free vibration of cracked beam can be given

in matrix notation as (Haskul, 2010);
[K], —A[M]0=0 (21)

The A values obtained from the solution of Eq. (21) will give the natural
frequencies (»?) and the ¢ values will give the natural vectors of the

cracked varying cross section beam.

NUMERICAL RESULTS

In this study, the natural frequency and mode shapes of the beam were
obtained by conducting free vibration analysis of the beam with
different boundary conditions with a single crack. The geometrical
properties of the variable cross-section beam is; length L=0.2 m and
ti/t2 varies linearly as shown in Figure 2. Calculation has been
performed with the numerical values, Young’s modulus E = 216x10°

Nm2, Poisson’s ratio v = 0.33 and mass density p = 7.85x10% kg m™.
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Pinned-pinned cracked beam with constant width and variable

thickness

As a first case, the free vibration analysis of a pinned-pinned cracked
beam with constant width and variable thickness was analyzed and the

natural frequencies and mode shapes of the beam were obtained.
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1
=
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62
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0 02 04 06 0.8 1
Crack ratio (a/b)

Figure 2. First non-dimensional natural frequencies of pinned-pinned
cracked beam with varying cross section, depending on the crack
location L¢/L=0.5, crack ratios and thickness ratios.
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Figure 3. Second non-dimensional natural frequencies of pinned-
pinned cracked beam with varying cross section, depending on the

crack location L¢/L=0.5, crack ratios and thickness ratios.
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Figure 4. Third non-dimensional natural frequencies of pinned-pinned
cracked beam with varying cross section, depending on the crack
location L¢/L=0.5, crack ratios and thickness ratios.
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Figures 2, 3, and 4 show the non-dimensional 1%, 2" and 3™ natural
frequencies according to the location of the crack Lc/L = 0.5, crack
ratios a/b=0.2, 0.4, 0.6, 0.8 and thickness ratios t»/t1=0.8, 0.7, 0.6, 0.5
for the pinned-pinned cracked beam with constant width and variable

thickness.

As can be seen from these figures, the biggest decrease occurred in the
first natural frequency while the crack was in the middle (Lc/L=0.5).
This is because the crack in this region causes maximum energy loss as

the beam vibrates in the corresponding mode.

Accordingly, since the maximum bending moment in the vibrating
beam in the first mode will occur in the middle, the crack in this region
will cause the maximum energy loss and hence the maximum decrease

will occur in the first natural frequency.

Again, as can be seen from the figures, the decrease in all natural
frequencies (1%, 2" and 3") increases as the crack (a/b) and thickness

ratios (t2/t1) increase.
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Figure 5. First non-dimensional mode shape of pinned-pinned
cracked beam with varying cross section, depending on the crack
location L¢/L=0.5, thickness ratio t2/t1=0.8 and crack ratios.
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Figure 6. Second non-dimensional mode shape of pinned-pinned
cracked beam with varying cross section, depending on the crack
location L¢/L=0.5, thickness ratio t2/t1=0.8 and crack ratios.
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Figure 7. Third non-dimensional mode shape of pinned-pinned
cracked beam with varying cross section, depending on the crack
location L¢/L=0.5, thickness ratio t2/t1=0.8 and crack ratios.

Figures 5, 6, and 7 show the non-dimensional 1%, 2" and 3™ mode
shapes according to the location of the crack Lc¢/L = 0.5, thickness ratio
t2/t1=0.8 and crack ratios a/b=0.2, 0.4, 0.6, 0.8 for the pinned-pinned

non uniform cracked beam.

If the 1%, 2" and 3" natural mode vectors are compared to the natural
vector of the intact beam; from these figures, it can be seen that the
largest changes occur in the 1, 3 and 2" natural mode vectors,
respectively for the crack location Lc/L=0.5 and thickness ratio
t2/t1=0.8.

The reason for these results is also because the crack in this region
causes maximum energy loss as the beam vibrates in the corresponding

mode.

58 || FUNDAMENTAL ASPECTS OF ENGINEERING SCIENCE



It is evident from the figures that, the changes in the first three natural
mode vectors (1%, 2" and 3') increase as the crack ratio (a/b) gets

higher.

Fixed-free cracked beam with constant width and variable

thickness

Second case is the free vibration analysis of a fixed-free cracked beam
with constant width and variable thickness. The natural frequencies and
mode shapes of the beam were obtained by using the finite element

method.
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Figure 8. First non-dimensional natural frequencies of fixed-free
cracked beam with varying cross section, depending on the crack
location L¢/L=0.5, crack ratios and thickness ratios.
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Figure 9. Second non-dimensional natural frequencies of fixed-free
cracked beam with varying cross section, depending on the crack

location L¢/L=0.5, crack ratios and thickness ratios.
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Figure 10. Third non-dimensional natural frequencies of fixed-free
cracked beam with varying cross section, depending on the crack

location L¢/L=0.5, crack ratios and thickness ratios.
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Figures 8, 9, and 10 show the non-dimensional 1%, 2"¥ and 3" natural
frequencies according to the location of the crack Lc/L = 0.5, crack
ratios a/b=0.2, 0.4, 0.6, 0.8 and thickness ratios t»/t1=0.8, 0.7, 0.6, 0.5
for the fixed-free cracked beam with constant width and variable

thickness.

From these figures, it can be apparently seen that the biggest change
occurs in 2", 15t and 3" natural frequencies, respectively for the crack
location Lc/L=0.5. The decrease in all natural frequencies (1%, 2" and

3 rises as the crack (a/b) and thickness ratios (t2/t1) increase.
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1st non-dimensional mode shape

0 002 004 006 008 014 012 0.14 0.16 018 0.2
Beam Lenght (L)

Figure 11. First non-dimensional mode shape of fixed-free cracked
beam with varying cross section, depending on the crack location

Lc/L=0.5, thickness ratio t2/t1=0.8 and crack ratios.
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Figure 12. Second non-dimensional mode shape of fixed-free cracked
beam with varying cross section, depending on the crack location
Lc/L=0.5, thickness ratio t2/t1=0.8 and crack ratios.
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Figure 13. Third non-dimensional mode shape of fixed-free cracked
beam with varying cross section, depending on the crack location

Lc/L=0.5, thickness ratio t2/t1=0.8 and crack ratios.
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Figures 11, 12 and 13 show the non-dimensional 1%, 2"¢ and 3" mode
shapes according to the location of the crack Lc/L = 0.5, thickness ratio
t2/t1=0.8 and crack ratios a/b=0.2, 0.4, 0.6, 0.8 for the fixed-free non

uniform cracked beam.

From the comparison of 1%, 2" and 3™ natural mode vectors with that
of intact beam; it can be seen that the largest change occurs in 2", 1%,
3 natural mode vectors, respectively for the crack location Lc¢/L=0.5

and thickness ratio t2/t1=0.8.

The changes in the first three natural mode vectors (1%, 2" and 3')

increase as the crack ratio (a/b) rises.
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CONCLUSION

Free vibration analysis of the cracked beam has been performed by
using the finite element method. The beam was assumed to have
constant width, variable thickness and a single non propagating edge
crack. The free vibration analysis of non-uniform cracked beam having
two different boundary conditions (pinned-pinned, fixed-free) was

carried out.

The effects of thickness ratios, location of crack and crack depth ratios
on the vibration parameters were investigated and illustrated in figures.
While a crack in the middle of the pinned-pinned beam results in
biggest decrease in the first natural frequency, the same crack causes

most decrease in the second natural frequency in the fixed-free beam.

The reason for these results is the moment distribution in vibration
modes. A crack in the cross section with a large bending moment will
cause a significant amount of energy drop, which will change the

vibration characteristics.

For the both cases it was shown that, the changes in the first three
natural frequencies (1%, 2" and 3') increase as the crack ratio (a/b) gets
higher. The similar results have been found for the mode shapes of

cracked beam with variable cross section.
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1. INTRODUCTION

Molasses is a sweet and delicious product that can be prolonged with
the shelf life produced by concentrating sugar-rich fruit juices by
boiling without adding sugar and other additives. It is a traditional
food produced from fruits such as grapes, mulberries, figs, plums,
apricots, apples and carobs in almost every region of our country for
many years. Generally breakfast is mixed with plain or tahini and can
be consumed instead of jam or honey, but it is also used in the
production of some local dishes. Molasses is a food rich in
carbohydrates, organic acids, mineral substances and partly vitamins.
It is important in terms of nutrition because of the sugar it contains
(Simsek and Artik, 2002). 100% of total sugars in grape molasses and
80% in other molasses varieties consist of monosaccharides such as
glucose and fructose (Sengil et al.,, 2007). Heavy metals are
substances that have a relatively high density and are toxic or toxic
even at low concentrations. Heavy metals are a collection of more
than 60 metals, including lead (Pb), cadmium (Cd), iron (Fe), cobalt
(Co), copper (Cu), nickel (Ni), mercury (Hg) and zinc (Zn)
(Kahvecioglu et al., 2003). It is stated that the most toxic effects of
heavy metals are Cd, Pb and Hg (Cepel, 1997). The carob tree
(Ceratonia siliqua L.) is of major socio-economic benefits to rural
development and mountain economy. The carob fruit is technically
15-30 centimeters long and has a very thick and broad legume (Sidina
et al., 2009). In this study, it was aimed to determine the heavy metal

levels in carob molasses collected from the villages and markets of


https://www.sciencedirect.com/science/article/pii/S0925857417300125#bib0195
https://www.sciencedirect.com/science/article/pii/S0925857417300125#bib0195

Karaman and to emphasize the importance of nutrition in carob

molasses.

2. MATERIALS and METHODS
2 samples of homemade (traditional production) and 2 samples of

market (industrial production) carob molasses were used in this study

The sample preparation: The samples were prepared to be 2 parallel
for each sample and were solutioned by wet burning method. For this
purpose, from the collected samples, weighed 2 g with precision
scales and placed in 100 ml beakers and 16 ml of HNO3 (65%, w/w)
were added. 4 ml HCIO4 (70-72%, w/w) are added to it and the
solution is slowly heated in the drawer for about 5-6 hours. The
heating process close to the end of the acids is cut off and the
solutions are cooled. Then 5 ml H202 (30%, w/w) was added and
heating was continued until clear liquid was obtained. Heating was
stopped when clear liquid was formed, and the solutions were allowed
to cool. Cooling solutions were filtered through blue band filter paper
and 20 ml of the obtained solutions were mixed with distilled water to
prepare the analyzed. The concentrations of the determined elements
were determined by Inductively Coupled Plasma Optical Emission

Spectrometry.

The preparation of standard solutions: Definite-concentration
certificated standards have been used. 1000 ppm standards have been
used as main stock. From main stock solution as study standards; it
has been prepared in HNO3 setting of 2 M 65% and as to be 100 ml.
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3. RESULTS

The amounts of elements in molasses are given in Table 1 and Figure
1,2,3.

Table 1. Element amounts in molasses (mg/kg)

Sample
No As Cr Mn Pb
- 1 1.68 0.047 2.549 0.655
=g<_ 2 1.754 - 2571 0.806
£S8F 3 2.067 0.048 2.546 0.520
288% 4 1.750 0.068 2.720 0.603
T = <
2ag 5 1.938 0.033 2.705 0.898
6 1.825 0.025 2.698 0516
1.836+0.143  0.04410.016  2.632+0.084  0.666+0.156
. o 1 - - 0.202 -
S8 2 - - 0.196 -
ESgE 3 - - 0.193 -
se8f 4 - - 0.338 -
25 5 - - 0.328 -
6 - - 0.314 -
0.262+0.072
1 - - 0.379 -
s 2 - - 0.360 -
o0 Yo
£88% 3 - - 0.393 -
T8 8= 4 - - 0.240 -
SR ' ' 029 '
0.310£0.075
1 - - 5.003 -
R 2 - - 4.938 -
§82Q '
S88% 3 - - 5.051 -
2323
% < © E 4 - - 4528 -
A N

4.673+0.399
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Figure 1. Industrially produced molasses (A brand)
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Figure 2. Industrially produced molasses (B brand)
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Figure 3. Traditional produced molasses



4. DISCUSSION
According to the results, As, Cr, Pb and Mn elements of A brand
molasses were determined. Only the Mn element was identified in the

B brand molasses and the traditionally produced molasses.

The World Health Organization (WHO), Food and Agriculture
Organization (FAO), The Turkish Food Codex (TFC) according to the
values of the elements of the table is given in Table 2.

Table 2. Evaluation of quantities of elements (WHO, 1999; WHO,
2007; Anonim, 2017)

Element  Founded value Acceptable value Evaluation
WHO, Pb 0.516 -0.898 10.0 Low
FAO
Mn 0.193-5.051 2.0-9.0 Normal
TFC Pb 0.516 -0.898 0.3 High

It is important to inform our people about molasses consumption
because molasses is a very important food for nutrition. According to
the results, it was seen that the molasses produced by traditional

means were healthier.
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INTRODUCTION

Almost all of the composite filling materials form the polyurethane
compound. Polyurethanes are common high molecular components
used as a raw materials for a large number of modern polymeric

materials (Cinelli et al., 2013).
OH
R-N=C=0+R,-OH >R -N-CO-R,
isocyanate alcol urethane

o O

H H
R,—O-C-NH -R,——NH —C-0 | Polyurethane

n

Figure 1. Polyurethane formation reaction (Aydin and Ekmekgi,
2002).

Polyurethane application areas are as follows:

Construction Sector : %26.8 Textil Sector : %3.3
Transport Sector : %23.8 Machine Sector : %3.3
Furniture Sector 1 %20.7 Electronic Sector : %1.4
Inst. and Device Sector: %5.1 Shoe and Slipper Sector : %0.7

Packing Sector : %4.6 Other Sectors : %10.2

More than 75% of the worldwide consumption of polyurethanes,
which have a wide usage area, is in the form of foam. Polyurethane

foam is frequently used in thermal insulation, sound insulation,




industrial jacketing and packaging materials (Anonymous, 2014;
2017).

Polyurethane foams production techniques;
1. Block Casting
2. Sheet Casting
3. Spraying
4. Pouring
5. Double Tape Rolling
6. Moulding
can be listed as (Aydin and Ekmekgi, 2002).

The main raw materials of polyurethane foams are polyol (polyether
and polyester) and isocyanate. The general, the rate of exotermic
polymerization reaction in which the room temperature is sufficient
can be controlled using catalyst. The structural properties of
polyurethane foams can be adjusted by the type and amount of the
polyol/isocyanate (OH/NCO) ratio, flame retardant, surfactant and
blowing agents. Since polyols (polyether and polyester) and
isocyanate chemicals are from petroleum residues, their raw materials
are exhausted every day. In addition, it is not renewable and
biodegradable, increases the amount of CO2 and accelerates global
warming (Pan et al., 2011). For this reason, polyurethane based foams
are made of different lignocellulosic materials which are abundant in

both nature and agricultural production areas.

82 || FUNDAMENTAL ASPECTS OF ENGINEERING SCIENCE




The preparation of low-cost polyols from abundant and renewable
biomass sources has long been an area of interest in the polyurethane
industry (Yao et al., 1996). Many scientific efforts to achieve biomass
utilization and greater use of biomass include starch, cellulose
powders, lignocellulosic materials, lignin and the like plant
components to be incorporated into polyurethane foams (Hostettler,
F., 1979; Hatakeyama et al., 1992).Liquefaction of biomass to produce
industrial chemicals is a method for using biomass sources.
Researches on this began with the liquefaction of wood meal (Besteu
et al., 1965; Maldas and Shiraishi, 1997; Vuori and Niemela, 1998;
Yamada and Ono, 1999). In contrast, the reaction conditions were
difficult to use in practice and consumed a lot of energy. Researchers
facilitated reaction conditions and used liquefied product to produce
resin and foam (Alma et al., 2003; Lin et al., 1994).

The principles and methods of liquefaction of wood meal have given
some ideas for the use of agricultural wastes with similar composition
as wood meal (Wang and Chen, 2007). Some studies have been
carried out on liquefaction of agricultural wastes (Cinelli et al., 2013;
Wang and Chen, 2007; Alma et al.., 2003; Lin et al., 1994; Yao et al.,
1993; Wang et al., 2013; Hakim et al., 2011).

The insertion of biomass materials into the polyurethane systems is by
difficult steps that increase the biomass content; affects the chain
stiffness, durability, chain length, density and thermal properties of
polyurethane foams (Ferrigno, 1967; Hsu and Glasser, 1976).

Two different approaches are being used to produce bi-material in the

production of polyurethane materials. The first is includes starch,




lignocelluloses, coffee, etc direct joining of biomass (Hostettler, 1979;
Kohn and Rober, 1988; Yoshida et al., 1987). The second is the use of
biomass by the hydroxylation reaction (Hakim et al., 2011, Barikani
and Mohammadi, 2006). Biomass-containing polyurethane foam is
produced by mixing a certain amount of liquefied biomass, catalyst,
surfactant and foaming agent in a container and than by mixing the
mixture with a certain amount isocyanate and stirring it rapidly (Wang
etal., 2013; Alma et al., 2002).

MATERIALS AND METHODS

The wastes of potato, pistachio and barley were dried under
atmospheric pressure. Waste meals (0-80 mesh) were dried in an oven
at 103 £ 2°C for 24 hours before re-use. The liquefaction reagent was
a mixture of PEG#400 and glycerin with a mass ratio of 4/1 (w/w).
Sulfuric acid was used as catalysts and liquefaction reactions of
biomass were realized by microwave heating method. The normal
heating program was used, which was at 350 watt/min with 300
rpm/min mixing speed (1st step polymerization reaction). Liquefied
and non-liquefied plant components were dissolved with 200 mL of
methanol and isolated with the aid of an aqueous type vacuum pump
(TVP 200).
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Potato crust Potato crust mill

Liquefaction react. nquuefied parts Liquefied potato

Figure 2. Photographs of potato crust, potato crust miles, liquefaction
reagents, liquefaction reaction, unliquefied parts, liquefied potato

crust.




Pistachio red Pistacho stiff Red peel miles  Stiff peel miles
peel peel

. . : Unliquefied red Liquefied red +
Lig. reagents Lig. reaction oeel Stiff peel
Figure 3. Photographs of pistachio red peel, pistachio stiff peel,

pistachio waste miles, liquefaction reagents, liquefaction reaction,
liquefied pistachio peels, unliquefied parts.
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7 Lquefactioh
Reactives

Barley Straw Miles

Liquefied Barley
Straw
Figure 4. Photographs of barley straw, barley straw miles,

Liquefaction reaction Unliquefied Parts

liqguefaction reagents, liquefaction reaction, unliquefied parts,

liquefied barley straw.
Preparation of the Rigid Foams

The definite amounts of liquefied plant polyols, polyetilen glikol 400,
catalyst, surfactant and water premixed thoroughly in a plastic cup.
Then, the prescript amount of MDI (at an isocyanate index of 90) was
added and mixed quickly at a high stirring speed of 8.000 rpm for 15-
20 seconds (2nd step polymerization reaction). It was allowed to
rise freely at room conditions. Foams were allowed to cure at room
temperature for two days and then were removed from the plastic cup

before cutting into test samples.




WA-XRD Analysis (Wide-angle X-ray Diffraction)

Wide-angle X-ray diffractometer analysis were perfomed to
investigate the polymer structure of polyurethane foams derived from
plant’s wastes and commercial synthetic one at molecular level.
Another aim is to examine the changes in the crystal structure of the
plant’s waste components. In addition to aboves, wide-angle X-ray
diffraction was used to study the interplaner distances (d-spacing) in
the PU crystal-line samples. The d-spacings corresponding to the large
peaks in the respective curves were calculated from Bragg’s equation:
A = 2 (d-spacing) sin ¢ where 2¢ is the X-ray scattering angle.

Sheets were measured with wide-angle X-ray diffraction (WAXRD)
(Philips X' Pert PRO mark XRD (reflection) machine). For irradiation,
the CuK. line was applied (A at 0,154056 nm, cathode at 40 kV and
30 mA) and scattering was recorded in the range of 2¢=10-70°.
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FINDINGS

Table 1. Effects of the reaction conditions on liquefaction reaction of

potato crust.

Sulphuric . Reaction_

Biomass acid catalyst F_zeactlor_l PDIP (%) Completion
. time (min) Temparature

concentration (°C)
Potato crust 9 15 4.48 85.3
Potato crust 4 15 6.04 83.2
Potato crust 3 15 9.25 81.2
Potato crust 9 30 0.60 102.0
Potato crust 4 30 4.70 95.4
Potato crust 3 30 574 89.2

Conditions: Potato crust/PEG400/Glycerin = 5/12/3, 350 watt/min

microwave-heating energy, 300 rpm/min mixing speed
2PDIP: Percent dissoluble Part (%)

Table 2. Effects of the reaction conditions on liquefaction reaction of

pistachio peels.

Sulphuric . Reactlon_
Biomass acid catalyst N PDIP (%) Completion

concentration time (min) Temparature
Pistachio peel 6 15 11.85 101.7
Pistachio peel 9 15 09.95 98.30
Pistachio peel 12 15 11.85 95.30
Pistachio peel 15 15 12.35 94.50
Pistachio peel 6 30 17.20 103.0
Pistachio peel 9 30 21.35 102.0
Pistachio peel 12 30 31.65 100.0
Pistachio peel 15 30 42.55 88.80

Conditions: Pistachio peel/PEG400/Glycerin = 5/12/3, 350 watt/min

microwave-heating energy, 300 rpm/min mixing speed




2PDIP: Percent dissoluble Part (%)

Table 3. Effects of the reaction conditions on liquefaction reaction of

barley straw.

Sulphuric : Reaction_

Biomass acid catalyst F?eac“of‘ PDIP (%) Completion
; time (min) Temparature

concentration °C)
Barley straw 12 10 17.60 102.1
Barley straw 12 20 20.70 103.2
Barley straw 12 30 19.40 88.60
Barley straw 15 10 11.59 123.0
Barley straw 15 20 14.70 95.40
Barley straw 15 30 13.00 89.20

Conditions: Barley Straw/PEG400/Glycerin = 2.5/12/3, 350 watt/min
microwave-heating energy, 300 rpm/min mixing speed

2PDIP: Percent dissoluble Part (%)

Table 4. Foam formulations for the liquefied potato waste-based

polyols.
i Parts by
Ingredients Weight
Potato crust-based polyol 100
Catalyst 3
1.  Surfactant 25
Lig. Blowing agent (water, including water from 6.25
neutralization with NaOH solution) '
PEG 400 20
2._ MDI 130
Lig.
pH 6.85
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Table 5. Foam formulations for the liquefied pistachio waste-based

polyols.
. Parts by
Ingredients Weight
Pistachio peel-based polyol 100
Catalyst 3.5
1 Surfactant 2.8
L.i Blowing agent (water, including water from 10
9 neutralization with NaOH solution) '
PEG 400 20
2 MDI 150
Lig. pH 6.5

Table 6. Foam formulations for the liquefied barley waste-based

polyols.

. Parts b
Ingredients Weight y
Barley crust-based polyol 100
Catalyst 6
1. Surfactant 5
Lig. Blowing agent (water, including water from 125
neutralization with NaOH  solution) '
PEG 400 40
MDI 260
2.
Lig- oy 756




(a) (b) (©)

Figure 5. (a) Potato waste-foam, (b) pistachio waste-foam, (c) barley

waste-foam

(@) (b)

nnnnnnnnnnnnnnnnnnnnnnnn

(c) (d)

Figure 6. WA-XRD patterns of (a) Potato waste foam, (b) Pistachio
waste foam, (c) Barley-waste foam, (d) commercial synthetic foam
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WA-XRD analysis of potato waste foam

From the WA X-ray diffraction pattern, the PU foam derived from the
potato wastes appears unique and amorphous structure and
correspondingly has superior mechanical properties. The atomic
structure is irregular but compatible with the polymer structure. The
PU foam derived from potato waste has a WA X-ray diffraction peak
between 13.1°-28.5°. The sharp, high diffractom of the potato crust
starch, which is close to 20.6° in 26 value is the agglomeration area of
the small amount of starch, and the diffraction peak of the potato crust
cellulose, which is close to 19.4° in 20 value indicates the
agglomeration area of the small amount of cellulose. However, for
both crust starch and cellulose, the density of these peaks is reduced or
lost. This is a sign that the bond between the potato crust and the
polyurethane pre-polymer changes the basic crystal form of the potato
crust (Zou et al., 2011; Savelyev et al., 2014; Zhang et al., 2012).

WA-XRD analysis of pistachio waste foam

From the WA X-ray diffraction pattern, the PU foam derived from the
pistachio peels is unique and amorphous structure, and the atomic
structure is irregular but compatible with the polymer structure.
Pistachio peel-contained PU foam has a WA X-ray diffraction pike in
the range of 14.9 -27.6°. The sharp, high diffractom of pistachio peel
cellulose, which is close to 20.6° in 26 indicates the agglomeration
area of the small amount of cellulose (Wang et al., 2013; Gang et al.,
2017).




WA-XRD analysis of barley waste foam

From the WA X-ray diffraction pattern, the PU foam derived from the
barley straw is unique and amorphous and has a WA X-ray diffraction
pike in the range of 13.9-26.3°. The sharp and high diffractom of
barley straw lignin, which is close to 20.1° in 26 indicates the
agglomeration area of the small amount of lignin (Wang et al., 2013;
Gang et al., 2017).

WA-XRD analysis of commercial synthetic foam

Syntetic PU foams showed a diffuse peak located at 18.5° of 20, in
spite of the fact that -C=O- based hydrogen bonds constructed a
small scale ordered domain in the PU matrix. In this case, -NH in the
hard segment was hydrogen bonded with the -C=0 of the hard
segments and the ester —-C=0O of the glycerin soft segments (Wang et
al., 2010; Zou et al. 2011). From total diffractogram, it can be seen that
the synthetic foam has also a unique and amorphous structure and a

wide-angle X-ray diffraction pike in the range of 12.5-23.8°.
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CONCLUSIONS

v Composite PU foams which contains 25% potato wastes
polyol (w/w), 25% pistachio wastes polyol(w/w) and 12.5% barley
wastes polyol (w/w) synthesized.

v All four types of composite materials which analyzed of WA-
XRD are amorphous structure.

v X-ray diffraction peak angles are different.

v A linear ratio was determined between the increased amount
of biomass corroded to the structure and the amorphous property and
X-ray diffraction peak angle range (Trovati et al., 2010).

v When the Bragg’s equation evaluated, the diffraction peaks
decreased.

v The degree of crystallinity reduced by the addition of biomass
according to potato waste foam> pistachio waste foam> barley waste
foam> synthetic foam sequence (Wei et al., 2000; Yasushi et al.,
1972).

v According to the energy experts, the energy demand in the
2030s will be 60% more than today. Considering the share of energy
consumption, the importance of composite filling materials is

increasing day by day (Bayulken and Kiitiikoglu, 2009).
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