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Abstract:

Finite element modeling of transient temperature distribution is used to understand physical phenomena occurring
during the dwell (penetration) phase and moving of welding tool in friction stir welding (FSW) of 5mm plate
made of 7020-T53 aluminum alloy at 1400rpm and 40mm/min.

Thermocouples are used in locations near to the pin and under shoulder surface to study the welding tool
penetration in the workpiece in advance and retreate sides along welding line in three positions (penetrate (start
welding) , mid, pullout (end welding)).

Numerical results of ANSYS 12.0 package are compared to experimental data including axial load measurements
at different tool rotational speeds (710rpm.900rpm.1120rpm and 1400rpm) Based on the experimental records of
transient temperature at several specific locations of thermocouples during the friction stir welding process the
temperatures are higher on the advancing side (629.2 °K) than the retreating side (605 °K) along welding line and
temperature in the top of workpiece under tool shoulder is higher(645 °K) than bottom (635.79°K). The results of
the simulation are in good agreement with that of experimental results. The peak temperature obtained was 70%
of the melting point of parent metal.
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Introduction:

Friction stir welding (FSW) is a relatively
contemporary solid-state process introduced back in
1991 by TWI [1]. Based on its advantages, this
welding procedure has become more popular
recently. Some of these advantages include however,
not limited to the following: low shrinkage and
distortion, desired mechanical properties, producing
less fumes, and ability in welding of alloys
otherwise difficult with other melting procedures,
alloys such as 2xxx and 7xxx series of aluminum
[2]. Tt could safely be stated that most if not all
abovementioned advantages are due to the fact that
the generated heat produced by the process remains
below melting temperature of the metal
Consequently, undesired parameters resulted from
typical welding processes will not materialize. Some
of these parameters are solidification -cracking,
liquidation cracking, and porosity.

Friction stir welding fundamental is depicted in
Fig. 1. In this procedure, two plates are firmly
clamped on the backing plate. Spinning tool slowly
lowers into the connecting plates until tool shoulder
touches the upper surfaces of the plates. While
spinning, the moving displaces forward on the piece
and this causes heat due to the friction between
them. The tool starts to move after pausing for
warm-up of the plates. While forward moving, the
tool forges the materials by spinning and as result, a
strong connection will take place between the plates.
In some cases, in order to provide more effective
forge due to better string of the materials, the tool is
somewhat angled from its vertical position.

There are many variations in the process of FSW
that makes it difficult to conduct a thrill
investigation. Major, independent variables are:
rotational speed of the tool, tool advancing speed,
magnitude of downward force to hold the touch
between tool and piece steady, tool geometry, and
tilt angle and type of material (thermophysical
properties). These variables affect heat distribution
as well as residual stress and

mechanical properties of the connection. A portion
of the generated heat disseminated through work
piece, will affect distortion, residual stress
distribution as well as weld quality of the piece.
Chao et al. [4] investigated the variations of heat
energy and temperature produced by the FSW they
point that only about 5% of the heat generated by the
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friction process flows to the tool and the rest flows
to the work piece.

They formulated a boundary value problem for tool
and workpiece in order to study the heat transfer in
friction stir welding. They determined the frictional
heat flux from the measured transient temperature
fields obtained in the finite element analyses.

Fig. 1 Schematic illustrations of the friction stir
welding process [3].

Schmidt et al. [5] proposed a general analytical
model for heat generation based on two contact
conditions at the tool/matrix interface, namely full
sliding and full sticking condition. Mandal et al. [6]
provided a theoretical framework for developing a
thermo-mechanical hot channel approach for
augmenting the FSW process. Song et al. [7] used a
three dimensional heat transfer model to predict the
temperature distributions in FSW. They assume that
heat generated at the tool shoulder/work piece
interface is frictional heat and the plastic strain is
negligible. Zhang et al. [8-10] used the two- and
three-dimensional thermo-mechanical model to
analyze the material flows, temperature history and
mechanical features in the FSW process. Nandan et
al. [11, 12] have modeled a Three-dimensional
visco-plastic flow of metals and the temperature
fields in friction stir welding of 6061 aluminum
alloy and 304L austenitic stainless steel.

Chen and Kovacevic [13] used a three-dimensional
model based on finite element analysis to study the
thermal history and thermo-mechanical process in
the butt-welding of aluminum alloy 6061-T6. Their
model was symmetry along the weld line and
incorporated the mechanical reaction of the tool and
thermo-mechanical process of the welded material
[14, 15].
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Peel et al. [16] reported the results of micro-
structural, mechanical property, and residual stress
investigations produced under varying conditions.
They concluded that the weld properties were
dominated by the thermal input rather than the
mechanical deformation by the tool. Also, it was
found out that the weld zone in FSW is in tension in
both the longitudinal (parallel to tool travel) and
transverse (perpendicular to tool travel) directions.

A simple three-dimensional thermomechanical
model for friction stir welding (FSW) is presented. It
is developed from the model proposed by Heurtier et
al. (2006) [17] based on a combination of fluid
mechanics numerical and analytical velocity fields.
Mohamed assidi [18] used simplified numerical
models and approaches the recent development of
more accurate 3D simulation software which allows
modeling the entire complexity of the FSW process
, makes it possible to follow a much more rigorous
inverse analysis (or calibration) approach ,FSW
trials are conducted on an Al 6061 aluminum plate
with an unthreaded concave tool. Force and tool
temperature are accurately recorded at steady
welding state for different welding speeds, the
numerical simulations were based on an Arbitrary
Lagrangian Eulerian (ALE) formulation that has
been implemented in the Forge3 F.E.
Software.Mohammad R. [19] investigated; three-
dimensional numerical simulation of friction stir
welding concerning the impact of tool moving speed
in relation with heat distribution as well as residual
stress.

Objective of this study was to predict numerical
transient temperature distribution in Al7020-T53
plates that were welded by friction stir welding
method for advancing speed of 40mm/min and
rotational speed of 1400rpm. The model chosen for
this task was the thermal model developed by
Nandan [12] for FSW of aluminum alloy. The
developed model was validating according
experimental thermocouples data recorded; the
thermal model was used to simulate the process. The
model was then extrapolated to perform parametric
studies in order to investigate effects of various
process parameters on temperature distribution in the
workpiece.
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Model Description:

The welding process is shown in fig. (1) where
travel speed is 40mm/min and rotational speed
1400rpm. The friction stir welding tool was
fabricated from a tool steel labeled as X12M
[20](density p=7800kg/m’ specific heat C,=500J/
kg.°C and thermal conductivity k=40W/m.°C) and is
heat treatment includes heating the metal to 1020C°
for 30 min and then air cooling to room temperature.
The tool had a concaved shoulder (2°), while the
cylindrical tool pin has a right hand threads of
(1)mm pitch with a round bottom .the overall height
of the pin is (4.7mm), made slightly shorter than the
sheet thickness with shoulder diameter (18mm) and
pin diameter (6mm) as shown fig.2.

Fig. 2 the configuration of the tool used

The welded plate are AA 7020-T53 Al alloy, each is
in rectangular shape with a size of (153*95*5 mm).
The tool is considered a rigid solid, and the work
piece is considered a ductile material characterized
with elasticity, plasticity and kinetic hardening
effect. The temperature-dependent properties of
7020-T53 Al alloy at various temperatures are given
in table (1) [21], a piece of this alloy was analyzed to
find its chemical composition by Spectro device in
Specialized Institute for Engineering Industries
(SIEI), table (2) shows the chemical composition.

The FSW process is divided into the following three
phases: (a). the penetration phase, (b). the welding
phase and (c). the tool pull-out phase. The heat is
generated due to friction and plastic deformation at
the tool and work piece interface during the process.
During the welding period, the tool is moving at
constant travel speed (40mm/min) and rotating speed
(1400rpm) along the joint line.
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Table 1: Thermal material properties of AA
7020-T53 Al alloy [21]

Temp.(k) | ptkg/m’) | C, @/Kgk) | K(W/m.K)
300 2780 875 148
373 2770 910 159
473 2755 960 164
573 2740 980 173
673 2720 1040 182
733 2700 1100 196

Table (2) Chemical composition of AA 7020-T53

Si Fe Cu Mn Mg
0.166 | 0.256 0.142 0.111 1.29
Ni Zn Ti Be Pb
0.0037 | 4.61 0.0424 | 0.00062 | 0.0066
\% Zr Al Cr Sn
0.0081 | 0.140 | balance | 0.213 | <0.0010

ANSYS® 12.0 was used for numerical simulation of
friction stir welding process the thermal and
mechanical responses of the material during friction
stir welding process are investigated by finite
element simulations. The finite element models are
parametrically built using APDL (ANSYS
Parametric Design Language) provided by
ANSYS® [23]. Non-linearity of this model is
because of the material nonlinearity.

Material nonlinearities occur because of the
nonlinear relationship between stress and strain; that
is, the stress is a nonlinear function of the strain.
Non-linear relations appear because of temperature
dependent mechanical properties [22].
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Thermal Model:

The purpose of the thermal model is to calculate the
transient temperature fields developed in the
workpiece during friction stir welding.

In the thermal analysis, the transient temperature
field T which is a function of time t and the spatial
(x.y,2),
dimensional nonlinear heat transfer equation (1).

coordinates is estimated by the three

0 or, 0 or. o oT
[5 (kx (T)(g) + E) (ky (T)(E) + B (kz (T)(E)] +

0. = o(c(M)p(I)T
int — ot
ey

wherek(T) is the coefficient of thermal conductivity ,
Qi is the internal heat source rate, cp(T) is the
mass-specific heat capacity, and p(T) is the density
of the materials. The heat transfer model developed
for the thermal analysis is described in the following
section.

Assumptions: A number of assumptions have been

made in developing the finite element thermal

model, which includes:

e Workpiece  material is
homogeneous.

e No melting occurs during the welding process.

e Thermal boundary conditions are symmetrical
across the weld centerline.

e Heat transfer from the workpiece to the clamp is
negligible.

e Two symmetry planes are applied on lateral
sides of the workpiece.

isotropic  and

Elements Used In the present thermal analysis, the
workpiece is meshed using a brick element called
SOLID70. The element is defined by eight nodes
with temperature as single degree of freedom at each
node and by the orthotropic material properties.

Boundary Condition

Boundary condition for FSW thermal model were
specified as surface loads through ANSYS® codes.
Assumptions were made for various boundary
conditions based on data collected from various
published research papers [24, 25]. Convective and
radiative heat losses to the ambient occurs across all
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free surfaces of the workpiece and conduction losses
occur from the workpiece bottom surface to the
backing plate. To consider convection and radiation
on all workpiece surfaces except for the bottom, the
heat loss qs is calculated by:
qs=B (T-T,) + SFG(T4'T04) (2)
where T is absolute temperature of the workpiece, T,
is the ambient temperature,  is the convection
coefficient, ¢ is the emissivity of the plate surfaces,
and o= 5.67x10-8 W/m2 °K4is the Stefan-
Boltzmann constant. In the current model, a typical
value of @ was taken to be 30 B/Z2K at ambient
temperature of 300 K [30]and @ was taken to be
(0.5) for aluminum alloy F is radiation view factors
(F=1). In order to account for the conductive heat
loss through the bottom surface of weld plates, a high
overall heat transfer coefficient has been assumed. This
assumption is based on the previous studies [4, 26].
The heat loss was modeled approximately by using
heat flux loss by convection g3 given by ;

qv=Po (T-To) (3)

where 3 is a fictitious convection coefficient. Due
to the complexity involved in estimating the contact
condition between the welded plate and the backing
plate, the value of f; had to be estimated by
assuming different values through reverse analysis
approach. In this study, the optimized value of £y

was found to be (100-300) w/cm*°C.

The heat transfer coefficient at the bottom face
depends on the local temperature and is given by
following relation [31]:

Gb = E"hu{T_ Tu..:'a = 4)
Where B, is the heat transfer parameter for the
bottom surface.

Figure (3) shows the schematic representation of
boundary conditions that were used for thermal
analysis.
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Fig. 3 Schematic representation of boundary
condition for thermal analysis

Heat generation during friction-stir welding arises
from two main sources: deformation of the material
around the tool pin and the friction at the surface of
the tool shoulder. A major difficulty is determining
suitable values for the friction coefficient. The
conditions under the tool are both extreme and very
difficult to measure. To date, these parameters have
been used as 'fitting parameters' where the model
works back from measured thermal data to obtain a
reasonable simulated thermal field. While this
approach is useful for creating process models to
predict, for example, residual stresses it is less useful
for providing insights into the process itself.
Mathematical approximations for the total heat
generated by the tool shoulder may be used to
compensate for deformation heat generation; this
could be done by an adjusting coefficient of friction.
Friction is a complex physical phenomenon that
depends on parameters like material, surface
roughness, lubrication, temperature and pressure.
The effects of friction in metal forming simulations
are commonly accounted for by Coulomb friction
models [27]. Assuming slipping conditions, the
friction coefficient is adjusted in order to calibrate
the model. A wide range of published values for
friction coefficient is within 0.3-0.85 [28], which
reflect the experimental conditions.

Total frictional heat of shoulder at rubbing angular
speed of (1 — &), will be:

Q. = >a(1- &)wuPR, )

where Q; heat generation by shoulder, w rotational
speed rps, W coefficient of friction, P pressure , R

radius of shoulder and ¢ is the slip factor that
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compensate for tool/material relative velocity.

Typical values for slip factor found in literature
ranges between 0.6, 0.85 [29].

In similar concept, heat generated by lateral surface
of the pin is:

Q,=2n(1-8) wpnPL, R} 6)

where Qp heat generation by pin surface, w

rotational speed rps , p friction coefficient, P axial

pressure N/m2, L, pin length and R, pin radius
Total frictional heat generated by the tool is the
summation of equations (5) and (6) which is:
Qr = 2a(1 - 8)opP((R3/3) +LpR}) (7
During the process the tool travels at a constant
speed (V;). This motion was simulated by changing

heat source location, as shown in figure (4),
according to the following equation:

Xivi=X; + VAt for Li<X<L,
AFEAT m
e wn?o;?;:
Global
Y- axis
A
Local - Moving
Coordinate
oy ~}-- Final position
I e )
i+1
s
Initial position
x
¥ Giobal
X- axis

Fig. 4 Modeling of Heat Source Movement at
Different Time Steps.

Where At is the time required for the tool to travel
from location X; to Xy, (i.e. element size) and V. is
the tool traveling speed.
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Fig. 5 Finite Element Model and Mesh.

The finite element equation after applying boundary
condition can be expressed in matrix form[;

T(x.y,2.)=[N(x,y,z,) |{T"} (8)
[IN(x,y,2) = [Ni(x,y,2) Nj(x,y,2) Np(x,y,2) ] ©)
T, ()
(Th=1T,0) (10)
Tp(?)
or¢ ON.ON. ON »
=[—t— T° 11
ox ox Ox Ox ]{ } (1
0 0OT¢ ON
= m 12
oT, ( ox ) ox (12
oT¢
=N 13
oT, " (13)
oT° .
=[NUT} (14)
ot
Where
ar,
ot
. oT .
[F)-15
or,
ot
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[K]{T} + [12]{%} — {F} (16)
Where

(1= 3 [ 1+ 1) 20)
[k} = g[kae]

21

And

(Fy=>{Fe) @)

e=1

The expression for K, K5, K5 and F can be stated using
matrix notation

[K.] = [f, [BI” [D][B]dv

(23)
[K,]= [, AINIT[N]dS 24)
K;1= [If, pcIN)T[N]dv (25)

{Fe}=[OINT av+ [AT,INT ds, - [qINT"ds,

s,e s3e
(26)
K., 0 0
D=|0 K, 0 (27)
0 0 K
dx S ox S
. 8oy SNz BNz AN
Bl=% & o "oy (28)
gwy  Bxy BNy AN
dz gz a8z Sz
Ni, N, Ns..... Ng are shape functions is natural

coordinate system for brick element.

{1+EE,

[ STl o
Lamyd (1440,

N, =
= B2

Withé; 1;.¢; = +1andi=1,2,3.....8

(29)
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Simulation
The thermal modeling was carried out in transient
thermal analysis. Its main features are an Arbitrary
Lagrangian Eulerian (ALE) formulation. To build
the model a title was specified for the analysis and
preferences were set for the options to display
(thermal). Then ANSYS preprocessor (PREP7) was
used to do these tasks:

e Define element types and options.

e Define material properties.

e Create model geometry.

e Mesh the model geometry.

The transient analysis was managed either by

defining multiple load steps (for stepped or ramped

boundary conditions) or by using a single load step

and tabular boundary conditions (for arbitrary time-

varying conditions) with an array parameter to

define the time points. To use the load step method,

this procedure was followed:

e Specify the time at the end of the load step.

e Specify whether the loads are step or ramp.

e Specify the load values at the end of the load
step.

e  Write information to a load step file.

e Repeat these steps for the next load step, and so
on until finishing all load step data.

e Since the problem involves nonlinear analysis,
full Newton-Raphson option was used to solve
the nonlinear equations.

Force and temperature measurements:
Experiments are conduct under different welding
rotational ,four cases are considered with differing
tool rotational speeds (710rpm,900rpm,1120rpm and
1400rpm) a component dynamometer based on load
cell (SEWHA,2000kg capacity, R.0:2.0008mV/V)
is used for measuring the vertical force during the
FSW process for penetration time 60sec after that
tool is moved with constant travel speed. This load
cell for vertical force measurement is fixed on the
rotating tool, and transmitter is used for transmitting
the analog force data to the weight indicator capacity
(2000kg) (SEWHA, SI4010) fig. (6) and fig. (7)
Show the vertical force measured from FSW process
for different tool rotational speed. The sampling
frequency of data for force measurement is 10Hz.
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Fig.6 Vertical load cell measuring sensors.

—s— S00rpm
—— 1400rpm

——"1120rpm

—— 710rpm

Vertical force (KN}

Time (sec)

Fig. 7 Vertical force penetration of tool on the
workniece during the FSW nrocess.

‘Advance Side S—rrwelspaad

F6.5mm

T T.®

T 7mm ‘] Ena
T, Fmm welding|
Iy 3

Fig. 8 thermocouple positions on the workpiece
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E
Workpiece £

Fig. 9 Thermocouples position at tool penetration on
workpiece at section A-A.

Fig. 10 Temperature recorder and hole drill
thermocouple position on workpiece.

the plates are prepared to measure the temperature at
(12 locations using k type thermocouples at three
sections (A, B and C) as shown in fig.(1) calibrated
in central organization for standardizon quality
control, The locations of thermocouples in the
workpiece are shown in fig.(8). Thermocouples
connected to the 12 channels reader, Transient
temperatures are recorded in the 12channels during
FSW process; thermocouples are attached to SD
card data logger temperature recorder (BTM-
4208SD), range (-100 to 1100 °C).

For section (A) in fig. (8), four thermocouples
(channels 1, 2, 7 and 8) are located in heat affected
zone (HAZ) for (channels 2 and 7 in advance and
retreat side  respectively) and the other
thermocouples (channels are located in nugget zone
NZ) as shown in fig. (9).
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Results and discussion:

During the penetration phase, the rotating tool pin
penetrates into the workpiece until the tool shoulder
comes in contact with the workpiece. The
penetration speed is chosen to be (0.0783mm/sec) in
the model, and the corresponding penetration time is
approximately (80sec).

convection heat transfer coefficient with backing
plate  (300W/m’k) , convection heat transfer
coefficient(30W/m’k), ambient and  initial
temperature (T,=293K), slip factor (6=0.6), friction
coefficient (pu=0.41), (axial load=2kN) , Heat
generation(Q=331watt) used as input welding
parameters in the finite element calculation with
their corresponding vertical force in the workpiece
predicted in fig.(7) the plasticization of material
under the tool increases with increasing rotational
speed and with decrease in tool traverse speed
resulting the reduction of vertical force.

The finite element simulation couples the moving
tool with the workpiece and also considers the
thermal effect of the initial tool pin penetration
before start of the weld

Fig. (11) Present cross-sectional views of the
calculated temperature contours in the workpiece
and tool at different time during the penetration.
This figure graphically illustrates the temperature
history of the workpiece and the tool during the pin
penetration. The highest temperature is observed in
the centre of the weld region extending down from
the crown surface to the probe root side, since the
rotation of the shoulder and the probe (pin)
contributes the highest heat flux in this region. The
relatively higher heat dissipation through the contact
surface between the welded plate and the backing
plate as compared with the top surface the top
surface of the plate causes the temperature contour
in the weld nugget area the follow a “V” shape .This
is because of the relatively higher convection
coefficient at the bottom surface of plate as
compared with the top surface. It is believed that the
described “V” —type distribution of the temperature
in the weld zone contributes to the grain coarsening
in the TMAZ and the HAZ.

Fig. (12) and fig. (13) show the experimentally
thermocouples reading and FEM result for (channel
T1) that located 4.5mm from joint line and at
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(channel T8) located 1mm in the bottom of
workpiece as shown in fig.(9).

NODAL 30LUTION AN
g
SUB =4 T
TIHE=20
TEHP (AVG)
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SMN =295.728
SMX =393.726
' :m Vﬁ;(—m W‘WW-
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Fig. 11 Temperature-Time history for tool and
workpiece during tool pin penetration
(V=40mm/min,=1400rpm)



Dr. Muhsin Jaber Jweeg Theoretical and Experimental Investigation of Transient Temperature

Dr. Moneer Hameed Tolephih Distribution in Friction Stir Welding of AA 7020-T53
Muhammed Abdul-Sattar

Fig. (14) shows the effect of thermocouple position

where (T1) at the top and (T8) at the bottom, (T1; 700
645 °K) is higher than (T8; 635.79°K), initially T1 600
increase with pin penetrate in the work piece while g 500
the pin continue of penetrate action T8 sense é 400
increasing in temperature but T1 still higher than T8 :.’ 300
due to contact of shoulder which increased the ® 200
temperature that increase by stirring and friction 100
around the pin. 0+
Time (sec)
T Thermocouple 1
Experimental Fig. 14 Comparison measured temperature
g —FEM history for thermocouple location 4mm from
% joint line at top (T1) and bottom (T8)
§ 200 - Fig.15;  shows  temperature  recorded by
thermocouple T2(629K) in advance side at location
100 1 7mm from joint centre line fig.(9), in retreate side
1 S S S A SRS SR thermocouple T7(605K) at location 7mm from joint
0 100 200 300 400 500 centre line fig.(9). Experimentally result shows the
Time (sec) temperature in advance side is higher than retreate
side because material flow and plastic deformation

around tool moving from advance side to retreate
side additional to friction heat under the shoulder
that gives higher temperature the computational
results show that the material flows on the retreating
and the front sides are higher. So, the slipping rates
on the retreating and the front sides are lower than
Thermocouple 8 the ones on the trailing and advancing sides. This is
the reason that the heat fluxes on the trailing and the
advancing sides are higher, which leads to the fact
that the temperatures are higher in this region for
both thin plates [32].

Fig. 12 Comparison of the modeled and measured
temperature history for thermocouple T1

Temperature (K)

0 ey
0 100 200 300 400
Time (sec)

Fig. 13 Comparison of the modeled and measured
temperature history for thermocouple T8
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Fig. 15 shows thermocouples measured value in
advance T1 and retreate side T7 at section A-A

Fig.16 shows the maximum temperature while the
tool ending the penetration (80sec) ,shoulder is in
contact with the surface of workpiece so that in
section A-A thermocouple T1 in advance side at
location 4mm from joint centre line recorded
maximum temperature (645K), thermocouple T2 in
advance side at location 4mm from joint centre line
recorded maximum temperature (637K) and
thermocouple T7 in advance side at location 4mm
from joint centre line recorded maximum
temperature (605K) it noticeable that temperature
difference along two sides (advance and retreate ) of
welding centre line, but in simulation the
temperature is symmetric along welding centre line
at each side [31] .

T
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0 & & 4 22 0 2 4 B 8 10

Position from the weld centreline (mm)

Fig. 16 comparison of simulated and measured
temperature along transverse direction at section
A-A (end of penetration)
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Fig. (17); shows numerical simulation of the
temperature history at 7mm along welding line in
advance side where (TEMP-2) at section A-A with
time 80sec welding tool ending penetration phase
(dwell), (TEMP-3) at section B-B with time 160sec
welding tool at mid position of welding line and
(TEMP-5) at section C-C with time 240sec welding
tool pullout at end of welding line.

POSTZ6 AN

AUG & 2011
TEmF 3 13:19:29
TEMP 5

TEME2 | TMP3 O TEMPS

Fig.(17) Temperature-time profile for F.E.M value at
location 7mm from joint line in advance side
(VE40mm/min, ©=1400rpm)

Fig. (18) Shows a comparison of experimental value
and F.E modeled value for thermocouple T3 at
section B-B while the tool traveled at mid position
along tool movement in welding line at time 160sec.

700 -----FEMT3
—EXPT3

Temperature (K)

0 50 100 150 200 250 300 350 400 450
Time (sec)

Fig. 18 Comparison of the modeled and measured
temperature history for thermocouple T3 location
7mm from joint line on advance side in section B-B
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Fig. (19) Shows comparison of experimental value
and F.E modeled value for thermocouple T5 in
section C-C while the tool traveled at end welding
line at time 240sec.
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Fig. 19 Comparison of the modeled and measured
temperature history for thermocouple T5 location

7mm from joint line on advance side in section C-C.

Fig. (20) shows modeling temperature contour
distribution when the tool moving along welding
line at mid position of the workpiece at time 160sec
,the temperature distribution effected by heat
conduction between the work piece with fixture and
by convection, radiation ambient travel speed also
has influence on temperature distributions travel
speed and rotating speed on transient temperature
distribution.

Fig. (21) shows finite element modeling of the
distribution of temperature in the transverse
direction of welding line in the section B-B when
welding tool at mid position of workpiece and
according to assumption symmetric value in advance
and retreate side T,=0642K for (1400rpm-
40mm/min.
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Fig. 20 temperature gradient contour in the top surface

of the workpiece at the movement the tool moves to the

middle point of the plate (n=1400rpm and V=40
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421450
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Fig. 21
distribution in mid position in work piece sec
B-B in direction perpendicular to welding
line at welding parameter (0=1400rpm and

Finite element temperature

Fig. (22) shows temperature modeled and measured
at section B-B when tool position at mid welding
line with time 160sec, thermocouples T3, T4 in

advance side and T9, T10 in retreate side (the letter
T refer to thermocouple number and position), the
thermocouples placed at depths 0.5mm below the
top surface thermocouple reading shows temperature
in advance (T3=626.6K) is larger than retreate side
(T9=609.1K).



Distance from welding centreline (mm) at( y=76 Smm) secB-B

Fig. 22 comparison of F.E.M value and measured
temperature distribution of along transverse direction
welding line at sec.B-B (0=1400rpm and V=40

mm/min).
700 1 —d— Advance
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|2
g
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Fig.23 Measured temperature along welding line at
starting tool moving (80sec) (Vi=40mm/min,
®=1400rpm)

Fig. (23), fig.(24) and fig.(25) show thermocouples
measured temperature when tool moving along
welding line at three position start, mid and end
moving figures show the difference reading between
advance side and retreating side.
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Fig. 24 Measured temperature along welding line at
mid tool moving (160sec) (V=40mm/min,

®=1400rpm)
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Fig. 25 Measured temperature along welding line
at end tool moving (240sec) (V=40mm/min,
®=1400rpm)

Fig.26 and fig.27 shows temperature contours when
penetration of welding tool in the workpiece,
temperature increases with increase tool penetration
with two stages: first stage when tool pin penetrate
into the workpiece when the tool moving axially
with constant axial speed and second stage when
tool shoulder contact with workpiece in this time
end dwell and then the welding tool moving at
constant travel speed 40mm/min. A figure shows
that the maximum temperature gradient happens in
the region formed by the edge of the shoulder. This
event is attributed to the fact that the highest heat
generation in this region and the highest heat
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radiation and convection dissipations of the region
occur just beyond the shoulder edge [25].

WODAL SOLUTTON AN

AUG 5 2011
2p152:04

209,383 313.06 316,737 360,418
01.221 124.9

F'}OQ.DJS 471 .72 595.663
Fig.26 Temperature Distribution at time 30 sec
(Dwell) Fig.28 Tc?mperature Distribution at ti.me 1.25 sec
e AN (welding tool moving along welding line)
'EEEE:: - - MODAL 20LUTION AN

M #3052 STERE e S 2ol
I =638, EIRE | 22153504
TIME=160

TENP [
RSY3-0

o

s 8
0 =542,

— B
305.232 19328 453.42 5:7.513 801,607
342.279 416.371 430, 467 564.56 630854

F\I:I.I]:I'f —ﬂ 558,857 m
Fig.27 Temperature Distribution at time 80 sec (end
of Dwell) ) o )
Fig.29 Temperature Distribution at time 160 sec
. o moving welding tool at mid position of welding
Fig.28 to fig.32 shows thermal distribution when the line
tool penetrates in workpiece (beginning the welding

process) at time 80sec, then start moving of the tool
along welding line to mid position of the workpiece
at time 160sec and the end position of welding tool
at time 240sec after that welding tool pullout from
workpiece and then work piece cooled as shown in

fig.31. The temperature distribution effected by heat
conduction between the work piece with fixture and
by convection, radiation ambient travel speed also
has influence on temperature distributions increase
travel speed decrease temperature history [25].
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Fig.30 Temperature Distribution at time 190 sec
(welding tool moving along welding line)
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Fig.31 Temperature Distribution at time 240 sec
(End of Moving) tool pullout
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Fig.32 Temperature Distribution at time 250 sec
(Cooling)

Conclusion:

To study the variations of transient temperature in
friction stir welding of AA 7020-T53 plates, detailed
three-dimensional nonlinear thermal simulations are
performed for the FSW process using the finite
element analysis ANSYS. 40 mm/min travel speed
with tool rotational speeds of 1400 rpm is
considered. From the analyses, we can summarize
the results as follows:

o Agxial load measured from experimental work
decreases with increasing rotational speed
because that decrease in strength due to
temperature increases in penetration position.

e The experimental data show the maximum
temperature measured during FSW at mid
position 629k and numerically value from the
simulation is 642k°, which is significantly less
than the melting temperature of 7020-T53
aluminum alloy at 916K°.

e The temperature measured at advance side
(629Kk) is higher than retreate side (605k).

e Numerical results (Tmax =642K) agreement
with measured data (Tmax=629Kk) (error 2%).

e The computational results show that the material
flows on the retreating and the front sides are
higher. So, the slipping rates on the retreating
and the front sides are lower than the ones on the
trailing and advancing sides. This is the reason
that the heat fluxes on the trailing and the
advancing sides are higher, which leads to the
fact that the temperatures are higher in this
region for both thin plates.
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p Density (kg/ m®)

cp Specific heat capacity (J/ kg®k)
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k Thermal conductivity (w /m°k)
T Temperature (°k)

T, Ambient temperature (°k)

€ emissivity

o Stefan —Boltzmann (w/m” °k*)
u Friction coefficient

P Contact pressure (N/ m?)

o rotation speed (rpm)

V. travel speed (mm/min)

o Slip factor

R; shoulder radius (mm)

R, pin radius (mm)

L, pin length (mm)

Q; Friction heat shoulder (w)
Q, Friction heat pin (w)

Qr Total heat generation (w)

i Time step

t Time (s)

At Time change (s)

Qi Heat generation (w/ m’)

F radiative view factor

B convection coefficient

By, fictitious convection coefficient

fpe is the heat transfer parameter for the bottom
surface
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The Identity of Future Cities

Senarios of the City Future

ABSTRACT:

In order to determine The ldentity of Future Cities, the architecture does not provide us with one of the most
basic needs (shelter), but also tangible evidence of the past and present as part of the communication, and best is an
indicator of the future. Most of the narratives of the transformations of urban in twenty one century agreed that the city
changed from an industrial society, the dominant over the previous century, to a pattern dominated by knowledge,
information and communications, especially those that are remote and penetrated into the urban fabric, which produced
the perceptions about the nature of identity, urban cities of the future, focusing Alternative research efforts of the city's
future on the role of modern communications, transportation, and the structure of intelligence in the formation of new
cities and an end to the old cities, this is one of the main problems faced by our cities, including present day Baghdad
specifically.

This study aims to provide schematic desian study of what should be the city of Baghdad as an Arab Islamic
future and determine its dimensions and the strategic requirements. The city is formed according to the current strateay,
based on traditional concepts, the research indicates that this method of urban planning today, witnessed by the city did
not meet the requirements of the city of tomorrow based on physical, social, religious, economic, fundamentals. Different
human activities are concerned with production and use of information and knowledge in the development of an
influential architectural style and structures that underliy the functions of urban lifestyles and social groups.

The research sugagests reconsideration of strategic plans on which the cities (including schemes of Developed
Baghdad), which aspires to be humanitarian cities present the new and the coming future. Through the adoption of
strategic schemes steming from the Islamic thought, dynamism is poised to accommodate future multi scenarios.
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Comparative Biosorption Of Pb(II), Cr(IIT) AND Cd(II) Ions In Single
Component System By Live And Dead Anaerobic Biomass, Bath Study

Abbas H. Sulaymon, Shahlaa E. Ebrahim and Mohanad J. Mohammed Ridha
Baghdad University, College of Engineering, Environmental Engineering Department
ABSTRACT

In this study, dead and live anaerobic biomass was used in biosorption of Pb(II), Cr(IlI) and Cd(II) ions from
a synthetic wastewater. The biosorption was investigated by batch adsorption experiments. It was found that, the
biosorption capacities were significantly affected by biosorbent dosage. The process follows Langmuir isotherm
(regression coefficient 0.995, 0.99 and 0.987 for Pb(Il), Cr(Ill) and Cd(II) ions, respectively, onto dead
anaerobic biomass) model with uniform distribution over the biomass surface. The experimental uptake capacity
was 51.56, 29.2 and 28 mg/g for Pb(Il), Cr(IIT) and Cd(II), respectively, onto dead anaerobic biomass, compared
with 35, 13.6 and 11.8 mg/g for Pb(Il), Cr(Ill) and Cd(II), respectively, onto live anaerobic biomass. The
percentage reductions of live compared with dead anaerobic biomass in uptake capacity were 32.3, 53.4 and 57.8
for Pb(II), Cr(III) and Cd(II), respectively. The results indicated that, the dead anaerobic biomass is suitable as
an efficient biosorbent for the removal of Pb(II), Cr(IIl) and Cd(II) ions from wastewater.

Keywords: Wastewater, Heavy metal, Live / dead anaerobic biomass, Biosorption, Isotherm
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1. INTRODUCTION

Presence of heavy metals in wastewaters causes
significant  environmental  problems.  High
concentrations of heavy metals are known to be
toxic and carcinogenic to living organisms. When
heavy metals are present even in a very low
concentration, their concentration may be elevated
through bio-magnification to a level that they start
to exhibit toxic characteristics. The metals which
are of greatest environmental concern are cadmium,
mercury, lead, chromium, cobalt, copper, nickel and
zinc, (Sahmoune et al., 2009). Metals are non-
renewable from the point of resource and recovery,
and important from the point of contaminants in
water and wastewater; Different methods are used
for the removal and recovery of heavy metals,
(Spearot and Peck, 1984). Chemical methods, to
effectively decrease heavy metals to acceptable
levels require a large excess of chemicals, which
increase the costs because of generating the
voluminous sludge, (Yun and Volesky, 2003). In
the meantime, biosorption of heavy metals from
aqueous solutions is a relatively new technology for
the treatment of industrial wastewater. The major
advantages of biosorption technology are their
effectiveness in reducing the concentration of heavy
metal ions to very low levels and the use of
inexpensive  biosorbent materials (Naja, and
Volesky, 2006). It is important for a biosorption
process to select the most available and reliable
biosorbent, (Liu et al., 2003). Both live and dead
biosorbent, is derived from suitable biomass can be
used for the effective removal and recovery of
heavy metal ions from wastewater streams; These
include bacteria, fungi, yeast and marine algae
(Huifen et al., 2010). Because of the many problems
inherent in maintaining active microbial populations
under highly variable conditions of wastewaters,
living systems are often unreliable, while non-living
form, can serve as a basis for development of
biosorbent materials for the efficient removal of
heavy metals (Puranik et al., 2005). The use of
living organisms may not be an option for the
continuous treatment of  highly toxic
organic/inorganic contaminants, once the toxicant
concentration becomes too high or when the process
is operated for a long time. The amount of toxicant
accumulated inside the organisms will reach
saturation, beyond this point; an organism’s
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metabolism may be interrupted, resulting in death of
the organism (Vijayaraghavan and Yun, 2008).
Another advantage of using dead biomass is, the
sorbed metal ions can be easily desorbed and the
biomass can be reused (Liu et al., 2003). The
capacities of many biosorbent were found to be
much higher than those of other types of adsorbents,
activated carbon, natural zeolites and synthetic ion
exchange resins, (Sheng, 2004), because the cell

walls of these types of biosorbents contain
polysaccharides and proteins having various
functional groups such as amine, carboxyl,

hydroxyl, sulphates, and phosphates responsible for
interacting with the metals ions and dyes
(Sahmoune et al, 2009). Das et al, 2007
investigated the removal of heavy metals by dead
biomass in batch experiments at different pH values
ranging from 3-8. The results indicated that,
maximum adsorption of different metal species
occurred at pH values of 4. Different models are to
be developed from simple mathematical
relationships, characterized by a limited number of
adjustable parameters, which give a good
description of the experimental behavior over a
large range of operating conditions. The model used
to describe the results should be capable of
predicting heavy metal binding at both low and high
concentrations (Vijayaraghavan and Yun, 2008).
One of these models is the Langmuir isotherm
model which can be represented as:

amaxoCy

Q. =

le ()

1= .ﬂl'\:{.

Where: q.(mg/g), the amount of adsorbate adsorbed
per mass of adsorbent of component; qu.c (Mg/g),
corresponds to the maximum achievable uptake by a
system; b (I/mg), is related to the affinity between
the sorbate and sorbent, and C.(mg/l) is the final
metal ions concentrations in the solution. The
Langmuir model assumes that the adsorption is
limited to a monolayer. The important characteristic
of the Langmuir isotherm can be expressed in terms
of the dimensionless constant separation factor for
equilibrium parameter R;. This is defined by:
(Sahmoune et al., 2009)
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The parameter Rp indicates the shape of the
isotherm as shown in Table 1.

Table 1 Constant parameter R

Another model is the Freundlich isotherm model,
represented as: (Vijayaraghavan and Yun, 2008)

rm1l/m

g = KC, n>1

3)

It incorporates two constants: K (mg/g)/(mg/)"",
which corresponds to the maximum binding
capacity; and n, characterize the affinity between
the sorbent and sorbate (adsorption intensity). The
Freundlich isotherm model assumed that the
adsorption is a multilayer, was originally empirical
in nature, but was later interpreted as the sorption to
heterogeneous surfaces or surfaces supporting sites
with various affinities.

The Sips isotherm model can also represents the
adsorption process:

K.CEI

% = poy: 4)

Ks, is the Sips model isotherm constant; ag, the Sips
model constant; and Ps, the Sips model exponent
Langmuir—Freundlich isotherm which derive from
the limiting behavior of the equation (4), at low
sorbate concentrations it effectively reduces to a
Freundlich isotherm and thus does not obey Henry’s
law. While at high sorbate concentrations, it
predicts the monolayer sorption capacity
characteristics of the Langmuir isotherm (Huifen et
al., 2010). The role of different physiochemical
parameters associated with the sorption of lead,
chromium and cadmium ions from aqueous solution
by live/dead anaerobic biomass through batch
method is described to compare between the
biosorption capacity of dead and live anaerobic
biomass for removal of these metals.

2. MATERIAL AND METHODS

2.1 Materials (Stock Solutions)
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A stock solution of lead, chromium and
cadmium ions with a concentration of (1000 mg/l)
were prepared by using Pb(NO;),, Cr(NOs); and
Cd(NOs), ( BDH, England with minimum purity
99.5%). A 0.1599, 4.577 and 2.103 g of lead nitrate,
chromium nitrate and cadmium nitrate, respectively
were dissolved in 1000 ml distilled water. Dissolved
metal concentrations in solution were determined by
a flame atomic absorption spectrophotometer (AA)
(Buck, USA).

2.2 Preparation of Biosorbent

Heterogeneous  cultures including  mostly
anaerobic bacteria, yeast fungi and protozoa of
sorbents were taken from Al-Rostomia’a third
extension drying bed. Anaerobic and facultative
anaerobic microorganisms (Aeromonas species, E-
coli, Pseudomonas aerginrsa, Clostridium,
Staphylococcus sp and Salmonella sp) were found
in the sludge taken from the drying beds.

2.2.1 Live anaerobic biomass (LAB)

A mixed culture of anaerobic bacteria, yeast and
fungi were grown in laboratory for 30 days.
Nutrients were added as a soluble organic mixture.
Growth media contains: 13.34, 4, 0.4, 12.5and 37 g
of Glucose, Peptone, K,HPO,, NaHCO;, and
Na,S0O,, respectively, trace metals 0.12, 0.78, 0.04,
0.04 and 0.045 g of CoCl,.6H,0, FeCl,.4H,0,
MnCl,.4H,0, NaMo00O,.2H,0 and NiCl,.6H,O were
dissolved in 5 liters of distilled water, pH was
controlled to be neutral by adding 0.1M NaOH or
0.1M HNO;, temperature was fixed to be 37°C
using a heater and thermostat.

2.2.2 Dead Anaerobic Biomass (DAB)

Heterogeneous culture of live anaerobic biomass
(LAB) was dried at atmospheric temperature (37-
45°C) for 5 days crushed, sieved, washed with
distilled water and dried at 70°C for 6 h. The
geometric mean diameter was obtained to be 0.775
mm.

2.3 Batch Biosorption Experiments
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Different weights of live/dead anaerobic biomass
were used, (0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4,
0.45, 0.5, 0.55, and 0.6) g wet/dry basis by
electronic balance (Sartorius BL 210S); biosorbents
were placed in 12 volumetric flasks of 250 ml. A
sample of 100 ml of measured concentration
solution of 50 mg/l was added to each flask for
single systems of Pb(II), Cr(Ill) and Cd(II) ions
respectively. The experiment was performed at
sufficiently high metal concentrations so that
maximal uptake would be achieved. The pH of the
metal solutions was adjusted to the desired value
(pH=4) using 0.1IM NaOH or 0.IM HNO;. The
flasks were then placed on a shaker (HV-2
ORBTAL, Germany) and agitated continuously for
4 h at 200 rpm and (33+3°C). The samples were
filtered by 42 Whatman filter paper, few drops of
0.1M HNO; were added to the samples to decrease
the pH wvalue below 2 in order to fix the
concentration of the heavy metals during storage
before analysis (APHA, 1995). The final
equilibrium concentrations were measured by
means of an atomic absorption device (AA). The
adsorbed amount was then calculated by the
following equation:

r '..':c_':e-.

e = (%)

W wet/dry base

de (mg/g), is the amount of heavy metals ions
uptake by (LAB/DAB), Cy(mg/l) and C.(mg/l), are
the respective initial and final metal ion
concentrations in the solution, respectively, V (1), is
the volume of solution and W(g), is the weight of
the biomass. The adsorption isotherms were
obtained by plotting the weight of solute adsorbed
per unit weight of biomass (q.) against the
equilibrium concentration of the solute in the
solution (C,) (Vijayaraghavan and Yun, 2008).

3. RESULTS AND DISCUSSION

The obtained data for single component systems
were correlated with the Langmuir, Freundlich and
Sips isotherm models. The parameters for each
model obtained from non-linear statistical fit of the
equation to the experimental data (Statistica-v6).
Table 2 shows parameters of single solute isotherm
for Pb(Il), Cr(IIl) and Cd(II) ions uptake onto live
and dead anaerobic biomass. Biosorption capability

713

COMPARATIVE BIOSORPTION OF Pb(lII), Cr(IlT) AND Cd(II)
IONS IN SINGLE COMPONENT SYSTEM BY LIVE AND DEAD
ANAEROBIC BIOMASS, BATCH STUDY

of dead and live anaerobic biomass (DAB/LAB) for
the metal ions Pb(Il), Cr(Ill) and Cd(Il) were
compared individually. Fig.1 to Fig. 3 show that the
Langmuir isotherm model was found to be
favorable, Ry was found between 0 and 1for Pb(Il),
Cr(Ill) and Cd(II) ions for both dead and live
anaerobic biomass.

Fig.1. Biosorption isotherm of lead ions onto dead
and live anaerobic biomass

Fig.2. Biosorption isotherm of chromium ions onto
dead and live anaerobic biomass

Fig.3. Biosorption isotherm of cadmium ions onto
dead and live anaerobic biomass

Table 2 Parameters of single solute isotherm for
Pb(II), Cr(IIl) and Cd(II) ions for live and dead
anaerobic biomass.

Fig.4, shows the experimental uptake capacity was
51.56, 29.2 and 28 mg/g for Pb(ll), Cr(Ill) and
Cd(II), respectively, onto dead anaerobic biomass
(DAB), compared with 35, 13.6 and 11.8 mg/g for
Pb(Il), Cr(Ill) and Cd(II), respectively, onto live
anaerobic biomass (LAB). The percentage
reductions of live compared with dead in uptake
capacity were 32.3, 53.4 and 57.8 for Pb(Il), Cr(III)
and Cd(Il), respectively.

Fig.4. Maximum experimental uptake capacity for
Pb(II), Cr(IIT) and Cd(II) onto live and dead
anaerobic biomass.

Results can be compared for the three adsorbates in
terms of adsorption capacity parameters: Pb(Il) >
Cr(Ill) > Cd(I). Since lead nitrate salt is less
soluble in water in comparison with chromium
nitrate and cadmium nitrate salts (solubility of salts
in water are 52, 81 and 136 g/100 ml for Pb(II),
Cr(IIT) and Cd(II) ions). It will be expected to have
a highest biosorption rate. The lead which has the
highest affinity order for being adsorbed by the
biomass, has the lowest hydration radius (4.01, 4.13
and 4.26 A m for for Pb(Il), Cr(Ill) and Cd(II))
while cadmium ion the least favorable by the
biomass, has the highest hydration radius. This
coincides with the fact that less hydrated ions radius
are preferably accumulated at interface (Hawari and
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Mulligan, 2006). Fig.5, shows that the removal
efficiency was 99.14, 97.67 and 93.63 percent for
Pb(Il), Cr(Ill) and Cd(Il) ions, respectively, onto
dead anaerobic biomass, while it was 88.56, 79.8
and 78.56 percent for Pb(II), Cr(III) and Cd(II) ions,
respectively, onto live anaerobic biomass. It was
demonstrated that a concentration of 6 g/l of
biomass for both dead and live anaerobic biomass
could achieve very good removal efficiency when
the solution concentration was 50 mg/l for Pb(II),
Cr(Ill) and Cd(II) ions. These results encourage
using the dead biomass in all the following
experimental work as biosorbent.

Fig.5. Maximum removal efficiency for Pb(Il),
Cr(IIT) and Cd(II) onto live and dead anaerobic
biomass

Similar results were found when dead biomass of
different types to be a more efficient biosorbent of
heavy metals (Huifen et al., 2010). The difference
between live and dead anaerobic biomass can be
explained on the basis of active metabolizing cells
plasma membrane generating competing H™ ions
(Yun and Volesky, 2003). Alternatively, in dead
state, the cells become more porous and allow the
metal to enter and bind to the internal surfaces and
functional groups as well, thus increasing metal
biosorption (Liu et al., 2003). The uptake by live
anaerobic biomass occurs by precipitation and
transport across cell membrane and accumulation
inside the cells, while by dead anaerobic biomass, it
depends on precipitation, physical adsorption, ion
exchange and complexation (Hawari and Mulligan,
2006). Another reason demonstrates the cause of
uptake is higher by dead than live anaerobic
biomass is due to the difference in surface area per
unit mass of dead and live biomass. Dead biomass
has higher surface area per unit mass compared with
live biomass due to 70% total weight of the cell is
water, thus by drying the biomass into pellets the
surface area of a unit weight will increase.
Therefore, to overcome the disadvantages of using
live anaerobic biomass, dead biomass was
recommended for heavy metals removal.

4. CONCLUSIONS
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Uptake capacity by dead anaerobic biomass
(DAB) is greater than the uptake capacity of live
anaerobic biomass (LAB) for Pb(Il), Cr(Ill) and
Cd(II) ions. In single system Pb(Il) ions was the
most favourable component rather than Cr(IIl) and
Cd(Il) ions. This is due to its physiochemical
characteristics that makes it the most favourable
adsorbed component, due to less solubility and
highly molecular weight. Results for the three

adsorbates in term of adsorption capacity
parameters was: Pb(II) > Cr(III) > Cd(II).
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Table 1 Constant parameter Ry,

Ry Type of isotherm
Ry>1 unfavorable
Ri=1 linear
Ri=0 irreversible
0<R.<1 favorable
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Fig.1. Biosorption isotherm of lead ions onto dead
and live anaerobic biomass
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Fig.2. Biosorption isotherm of chromium ions onto
dead and live anaerobic biomass
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Fig.3. Biosorption isotherm of cadmium ions onto
dead and live anaerobic biomass
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Table 2 Parameters of single solute isotherm for
Pb(II), Cr(IIT) and Cd(II) ions for live and dead
anaerobic biomass
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Statistical Quality Control of Industrial Products at the General Company for
Vegetable Oils
Abstract

This research includes the using of statistical to improve the quality of can plastics
which is produced at the state company for Vegetable oils (Almaamon factory ) by using the
percentage defective control chart ( p-chart ) of a fixed sample. A sample of size (450) cans
daily for (30) days was selected to determine the rejected product . Operations research with
a (win QSB ) package for ( p-chart ) was used to determine test quality level required for
product specification to justify that the process that is statistically controlled.

The results show high degree of accuracy by using the program and the
mathematical operations (primary and secondary ) which used to draw the control limits
charts and to reject the statistically uncontrolled samples . Moreover a final chart was drawn
to be used in the factory .

The research shows improvement of the can product by percentage (0.06 % ), product
defects percentage was lowered from ( 0.53 % to 0.47 % ) for the production process which

becomes statistically controlled .Also it was found that it was within Iragi specification (1093).
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Abstract

Friction Stir Welding (FSW) is one of the most effective solid states joining process and has
numerous potential applications in many industries. A FSW numerical tool, based on ANSYS F.E software,
has been developed. The amount of the heat gone to the tool dictates the life of the tool and the capability of
the tool to produce a good processed zone. Hence, understanding the heat transfer aspect of the friction stir
welding is extremely important for improving the process. Many research works were carried out to simulate
the friction stir welding using various softwares to determine the temperature distribution for a given set of
welding conditions. The objective of this research is to develop a finite element simulation of friction stir
welding of AA2024-W Aluminium alloy. Numerical simulations are developed for thermal conductivity,
specific heat and density to know the relationship of these factors with peak temperature. Variation of
temperature with input parameters is observed. The simulation model is tested with experimental results. The

results of the simulation are in good agreement with that of experimental results.
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Introduction

A method of solid phase welding, which
permits a wide range of parts and geometries
to be welded and called friction stir welding
(FSW), was invented by W. Thomas and his
colleagues of The Welding Institute (TWI),
UK, in 1991. Friction stir welding can be used
for joining many types of material and metal
combinations, if tool material and designs can
be found which operate at the forging
temperature of the workpieces. The process
has been used for manufacture of butt welds,
overlap welds, T-sections and corner welds.
For each of these joint geometries specific
tool designs are required which are being
further developed and optimized [1,2].

Friction stir welding is a relatively simple

process as shown in Fig. 1.

Sufficient downward force to
Maintam registered contact

>0 9
':: aint

J

Advancmg side
of weld

Shoulder

Leading edze
~of the rotating
toal

Trailinz edge of

The rotatng tool Refreating side of weld

Fig.1: Schematic diagram of FSW process [1].

This process has been widely used in many
industries such as space, aircraft, marine, transport
and food processing. Low distortion, high quality,

lower residual stresses, fewer weld defects and

718
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low cost joints are the main advantages of this
method [3]. Friction stir welding (FSW) is a solid-

state joining process in which a rotating tool,

consisting of a shoulder and a (generally threaded)
pin, moves along the butting surfaces of two
rigidly clamped plates placed on a backing plate.
The shoulder is in sustained contact with the top
surface of the workpiece. Part of the heat is
generated by the friction between the shoulder and
the workpiece, and another part is generated by
material stirring. This heat softens the material to
be welded. Severe plastic deformation and flow of
this plasticised metal occurs as the tool is
translated along the welding direction. A FSW
joint consists of various zones involving different
microstructures and mechanical properties. The
heat affected zone (HAZ) is the most distant from
the joint centerline. It is not deformed during the
process, but the microstructure evolves due to the
welding  thermal cycles, influencing the
mechanical properties. The thermomechanically
affected zone (TMAZ) and the weld nugget are
highly deformed by the material rotational flow
[4]. Due to the interesting features of

FSW, lots of research activities have been carried
out on different materials (aluminum alloys first
of all, but also steel, titanium, magnesium, copper,
polymers etc.) and on different weld geometries
[5].

Consequently, numerical simulation could be a
helpful device for predicting process behavior and
its optimization .In friction stir welding, heat is

generated first on the basis of friction between

tool and work piece and then by shape change. A
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portion of the generated heat disseminated
through work piece, will affect distortion, residual
stress distribution as well as weld quality of the
during welding process, but also can save research
time and cost [7]. Some studies of FSW on
temperature field and residual stresses have been
carried out through FEM software i. e. ANSYS®
[8-9], ABAQUS [10-13], Forge® [14],
DEFORM-3D™][15]. Finite element Methods also
used to study the effect of FSW process
parameters on mechanical properties of various
welded alloys based on solid mechanics [16] or
develop the mathematical model. [17].

Thus, much research has been done to study the
simulation of temperature distribution during
friction stir welding process. This was recognized
in present study based on ANSYS software, the
results obtained for simulation was comparison

with that actual experiment.

Volume 18 June 2012
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piece [6]. Finite element analysis is an effective
method in the investigation of welding, because it
not only can obtain the instantaneous results

Experimental work

Friction stir welds were made on the plate samples
of 2024-Waluminum alloy on —-W treatment
which used to describe an as quench condition
between solution heat treatment and artificial or
room temperature aging.

The test plates of size 200 mm X 100 mm X 3.5

mm are prepared from aluminum alloy AA2024
plates Fig.2. The chemical composition and
mechanical properties of the base material are
presented in Table 1 and Table 2, respectively.
The experiment is conducted using FSW machine
developed by TAKSAN milling machine, as
shown in Fig.3.The welding was done by single

pass.

Table 1: Chemical composition of Al 2024-W alloy.

Element Zn Cu Fe Ni Mn Ti Si Mg Cr Al
Weight 0.06 3.87 0.3 0.02 0.38 0.005 0.16 1.39 0.006 93.83
% measured

Standard [24] - 44 -

0.18 1.5 - -

Table 2: Typical mechanical properties of wrought aluminum 2024-W alloy.

Ultimate Yield Percentage of Hardness
strength(MPa) strength(MPa) elongation HV
Measured 365 = 22% 105
Standard [25] 335 28% 110
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Fig. 3: Taksan milling machine

The FSW tools are manufactured using
Turning machine. The configuration of the
designed FSW Tool is:

* Tool pin profile of cylindrical without draft.
* Tools having ratio of shoulder diameter to
pin diameter(D/d) is 3 has been chosen for

this study because it is having good joining

720

properties among various pin configurations
[17].The manufactured tool is shown in Fig.
4.

The research work was planned to be carried
out in the following steps:

1. Identifying the important process parameter
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2. Finding the upper and lower limits of the
process parameter Viz. tool rotational speed
and welding speed to select the best result of
welding efficiency for simulation.

3. Checking the adequacy of the numerical
simulation.

4. Conducting the conformity test runs and

comparing the results.

Pin with ¢ = 6mm

=y~

Shoulder with ¢ =18mm

Fig. 4: FSW Tool (X38 tool steel)

To determine the tensile strength of the stir zone,
tensile test specimens were sectioned as per
ASTM E8 in the transverse direction
perpendicular to the weld line with CNC milling
machine as shown in Fig.5. Transverse tensile
tests were performed on PHYWE machine to

evaluate the mechanical properties of the joints.
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FSW parameters used in this study were listed
in Table 3. The rotating tool used in this study
was made of X38 tool steel.

FSW parameters used in this study were
listed in Table 3. The rotating tool used in this
study was made of X38 tool steel.

Table 3: FSW work parameters

Sample Welding Rotation
No. speed(mm/min)  speed(rpm)
F1 20 900
F2 30 900
F3 40 900
F4 20 710
F5 30 710
Fo 40 710

Fig. 5: Tensile specimens before test.
Thermal Modeling of FSW
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FEM is most commonly used in numerical
analysis for obtaining approximate solutions to
wide variety of engineering problems. In the
present study, a commercial general purpose finite
element program ANSYS® 11.0 was used for
numerical simulation of friction stir welding
process. The ANSYS® program has many finite
element analysis capabilities, ranging from
simple, linear, static analysis to a complex
nonlinear, transient dynamic analysis. The thermal
and mechanical responses of the material during
friction stir welding process are investigated by
finite element simulations.

In this study, a thermal model is developed for
analysis. First, brick element is SOLID70,
Homogenous; a linear, transient three-dimensional
heat transfer model is developed to determine the
temperature fields, rate independent. The finite
element models are parametrically built using
APDL (ANSYS Parametric Design Language)
provided by ANSYS® [18]. The model are then
validate by comparing the results with established
material data
Mathematical thermal model.
Simple analytical solution to the heat flow
problem can be found. Instead, a numerical
solution is sought, based on a descretization of
Fourier’s 2nd Law:

ar ‘82T 8°T a8°T\ aqo
Pt =4 (ﬂx: * dy? * az? ) v

Where pc is the volume heat capacity, A is
thermal conductivity, X, y, and z are the flow
simulations space coordinates; and (o /V is the
source term [19].

Assumptions.

Experimental and numerical evaluation of friction stirs welding of
AA 2024-W aluminum alloy

The following assumptions are made in
developing the model;

e The heat generation is due to friction and
Heat generated during penetration and
extraction is also considered.

e The coefficient of friction is considered
changed and dropped with increasing
temperature.

e Material properties are uniform.

e Heat transfer from the workpiece to the
clamp is negligible [18].

The important process characteristics which are
required to be considered for the purpose of
modeling are as follows:

a) Moving heat source;

b) Weld speed.

c¢) Axial load to calculate heat generation.

d) Material properties.

Elements Used
In the present thermal analysis, the workpiece

is meshed using a brick element called SOLID70.
This element has a three-dimension thermal
conduction capability and can be used for a three-
dimensional, steady-state or transient thermal
analysis. The element is defined by eight nodes
with temperature as single degree of freedom at
each node and by the orthotropic material
properties. Heat fluxes or convections can be
input as surface loads at the element faces as
shown on the two faces in Figure 8. An advantage
of using this element is that, the element can be
replaced by an equivalent structural element for

the structural analysis.
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Fig. 6: three dimensional thermal solid
elements SOLID70 [18]

As SOLID70 cannot apply heat flux and
convection at the same time, a three-dimensional
thermal-surface-effect element was used. For
applying convection on the workpiece surface,
SURF152 was used overlaying it onto faces of the
by SOLID70. The

convections were applied as a surface load by

base elements made
choosing KEYOPT. Figure 6 shows the geometry,
node locations, and the coordinate system of the
element, which is defined by four to nine nodes

and the material properties [18].

Mesh Development

Three dimensional SOLID70 elements were
used to mesh the sheets. The workpiece was
divided into small parts along the length and along

the width as shown in figure below.
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ELEMENTS

Fig. 7: 3D mesh of modeled welded plates for

aluminume alloy in  ANSYS program

Material Properties

Thermal properties of the material such as
thermal conductivity, specific heat, and density
are temperature dependent. An accurate
estimation of temperatures is critical in FSW
process because the stresses and strains developed
in the weld are temperature dependent. Therefore,
temperature dependent thermal properties of 2024
Aluminum alloy are used in finite element model.
The thermal material properties of 2024
Aluminum alloy are tabulated in Table 4.The
thermal property values are obtained from ref.
[20], and for higher temperatures the values are

linearly extrapolated.

Table 4 Thermal material properties of 2024
Aluminum alloy.[20]
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T'C | Density | C He-H, )
ke’ | JK'¢' [ N | WK
2 218 085 0 175
100 M 090 66 185
RN
300 2730 097 29 193
400 2007 1.00 353 19
300 2683 .08 457 188
538 2074 110 566 188
632 2500 114 970 §3.5
700 480 11§ 1048 §5
800 U452 |1 1162 84

Boundary Condition

Boundary condition for FSW thermal model
were specified as surface loads through ANSYS®
codes. Assumptions were made for various
boundary conditions based on data collected from
various published research papers.

Convective and radiative heat losses to the
ambient occurs across all free surfaces of the
workpiece and conduction losses occur from the
workpiece bottom surface to the backing plate. To
convection and radiation all

consider on

workpiece surfaces except for the bottom, the

heatloss gs is calculated by equation (2). [18]

s = B(T=Ty) + ea(T*-T) (@

724
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where T is absolute temperature of the

workpiece, T, is the ambient temperature, 8 is the

convection coefficient, € is the emissivity of the

plate surfaces, and 6 =5.67 x 102 w/m?_.°C s
the Stefan-Boltzmann constant. In the current

model, a typical value of  was taken to be 10

w/mZ2.>C using an ambient temperature of 25C".

In order to account for the conductive heat loss
through the bottom surface of weld plates, a high
overall heat transfer coefficient has been assumed.
This assumption is based on the previous studies.
The heat loss was modeled approximately by

using heat flux loss by convection ¢ given by

equation (3). [18].

qp = LBp(T — Ty) (3)

where By is a fictitious convection coefficient.Due

to the complexity involved in estimating the

contact condition between the sheet and the
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backing plate, the value of 5, had to be estimated

by assuming different values through reverse

analysis approach. In this study, the optimized

[18w /m?*."Cvalue of B, was found to be 100

TYFE NM

Heat generations
B=10w/ m.
And, T=25 (7

!

By = 100w/ m2C
And T=25C

Convectionand
radiation from top and
sidesurface

Fig. 8: Schematic representation of boundary

condition for thermal analysis.

Heat Generation input during FSW.

For the ideal case considered, the torque
required to rotate a circular shaft relative to the
plate surface under the action of an axial load is

given by [19]:

Mg R
. 2
Qs = J- aM = pr(r) 2nridr= i,u;r.'i'ﬁr"3 (4)
o o

2012
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Where M is the interfacial torque, p is the
friction coefficient, R is the surfac e radius,
and P(r) is the pressure distribution across the
interface (here assumed constant and equal to
P). If all the shearing work at the interface is
converted into frictional heat, the average heat

input per unit area and time becomes

Mg }_:
qﬂ:deM:JmZ*ﬁpPr:dr (5)
0 0

where (| is the net power (in Watts) and w is the

angular velocity (in rad/s). The next step is to
express the angular velocity in terms of the
rotational speed N (in rot/s). By substituting o =
2nN into Eq. (5), we get

R
5 S
s = | 4w puPNTridr= 3 T uPNR? (6)
[+

From Eq. (6), it is obvious that the heat input
depends both on the applied rotational speed and
the shoulder radius, leading to a nonuniform heat
generation during welding. These parameters are
the main process variables in FSW [19].

From equation (6) we can get the heat
generation by divide the net power

Jo on the volume of shoulder[19]:

_ @o
sh— =

Vi (7)

Where Vg= Ag*t , where Vg, is the shoulder
volume, Ay, is the area of shoulder, t is the
thickness.

watt,/m?

Ag=m=*Ry"
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Where the coefficient of friction of aluminum is
0.4 [19, 21], this value is changed and dropped
gradually in friction stir welding because the
coefficient of friction p varies with temperature
and reached to 0.3 [22].where The temperature
measurement in FSW for the workpiece was
reported that the maximum temperature developed
during FSW process ranges from 80% to 90%
from melting temperature of the welding material

[20].

Simulation

The thermal modeling was carried out.
Transient thermal analysis is the stage. Figure 9
illustrates the flow diagram of the method used for
the finite element analysis.

In order to simplify the moving tool on the sheet
welded line in ANSY'S program , all next steps (as
shown in flow chart) was made to make it
likemoving tool along welded line in the ANSYS

program.

To get a good accurate of results, more steps of
shoulder area must make in the simulation of
program as shown in figure 10
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¥
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Fig. 9: Flowchart of thermal modeling.
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Figure 10: steps of circular shoulder
area along welded line.

here each shoulder circle has heat generation and

time step, also each circle represents one step.

Heat input (heat generation) is estimated by trial
and error from ANSYS program because applied

pressure P from equation 4 is unknown.

The method of heat input calculation by trial and
error found by take the data (temperature and
time) of thermocouple readings for one point (for
example A in fig. 11) where in these data we
depend on maximum temperature and make the

following steps:

1- Assumed high value of heat generation where
this value entered in program to make
simulation for aluminum plate to get the
maximum temperature at point A.

Assume low value of heat generation and
examined it in program by make simulation
for the aluminum plate at point A to get
maximum temperature for these low value of
heat generation.

Applying the interpolation on these (three
values of temperature and two values of heat
generation ) to get a good agreement heat for

this work .

After get good agreement heat generation,

applying it in other steps of program.
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From the validation shows that the present
work can be used for modeling thermal

distribution.

Four K-type thermocouples at selected points of
aluminum sheet as shown in figure 11 have been
used for measuring the temperature distribution
by using temperature recorder type BTM-4208SD
which contains 12 channels as shown in figure 11
(a &b) when these four thermocouples have been
embedded in selected positions to 1.5 mm on the
aluminum sheet as shown in figure (12 left) where
recorded data temperatures changed with time are
saved as excel file in the RAM of temperature
shown in figure (12. right).

recorder as

Fig. 11.a, Temperature recorder
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200 mm

Fig. 11.b : Thermocouples location embedded on aluminum workpiece.
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Fig. 12: Thermocouples embedded in the aluminum plate (left), Temperatures data as Excel file (right).
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Results and discussions

The employed model may be utilized to
predict temperature distribution during FSW
operations under working conditions. Figures (17
to 24) shows the temperature distributions in the
workpiece welded with rotational speed 710 rpm
and welding velocity 40mm/min ,which has the
best tensile properties of the weldments are given
in Table 3. The weld strength is about 86% of that
of AA 2024 base metal strength in W condition.
All the tensile testing specimens were fractured in

the stir zones of the welds.

Volume 18 June 2012
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Experimental results friction stir welding of
material 2024 Al alloy were compared with
simulation results of ANSYS program. The
welded workpiece had dimensions 200 x 200 x
3.5 mm, the tool had a shoulder radius of 9 mm,
pin radius of 3 mm and pin length of 3.3 mm. the
rotation speed and translational speed  that

utilized in this comparison were 710 RPM and

40 mm /min respectively.

Figures below 13 to 16 show the results that

calculated  experimentally and  simulation
250 250
200 o 200
S
150 =
g 150
H4g 2 100
50 -
e S, 50 EXP
0 s 3im
0
2 o . T e 0 200, 400 600
Time Time

Fig. 13 : Temperature distribution in point

w = 710 RPM ,v = 40 mm /minA.
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Fig. 14 : Temperature distribution in point
w =710 RPM ,v = 40 mm /minB .
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0
0 500 1000
i 0 500 1000
Time Time
Fig. 15: Temperature distribution in point Fig. 16 : Temperature distribution in point
w =710 RPM ,v = 40 mm /minC. w =710 RPM ,v = 40 mm /minD.
The modeling of this work is solved and the between experimental examination and modeling
temperature distribution obtained for the model ranged between 5 — 14% which its acceptance.

and the result show that there is good agreement

Figures 17 to 24 show the maximum temperature
between present work and ANSYS result. The

. . o of welding plate which has been reached at
difference in results of temperature distribution

several time steps:

NDHL STUTION

STERL Pt
g 24832
TRERL00

™mEe [tc]

RIS0

N =63

DK =123.406

— p— — — — E—
Fig. 17: Temperature distribution at 10 Fig. 18 :Temperature distribution at
s, Max. Temp. 35 C° 100s, Max. Temp. 123 C°
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Fig. 19 :Temperature distribution at 300 s,
Max. Temp. 365 C°
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Fig. 21:Temperature distribution at
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Fig. 23 : Temperature distribution at
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As it is seen, temperature gradient increases
in front of the tool comparing to its backside, i.e.,
the temperature profile extends further towards
the welded region behind the moving tool.
Because of shoulder rotation, the material flow
near the top surface is accelerated, and therefore,
material deformation on the top surface next to the
contact region is higher than the region at the
bottom side. The material deformation has an
important role on the formation of the weld zone
profile in FSW operations [23].
The predicted maximum temperature is 444 C° in
the region under the shoulder on the top surface.
This temperature is about 58 C° below the solidus
temperature of Al 2024 and is within accepted
temperature range in FSW process.
Figures 13 to 16 shows the thermal cycles in the
various points of sample No.6 at the depth of 1.5
mm. It can be seen that heating rate is higher than
the corresponding cooling rate to room
temperature.
As expected, the peak temperatures are higher at
locations close to the weld line, and it decreases
toward the HAZ.
Conclusion
1- Variation of the nugget-zone temperature with

respect to time.

2- The temperature decreases with distance

perpendicular direction of the tool on the top

surface.
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3- The variation of peak temperature with respect
to thermal conductivity, specific heat and
density is obtained.

4- Comparison of temperature profile developed
between simulation values and the experimental

results showed the possibility of more accurate

determination using present simulation.
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Abstract

Rutting is one of the major distresses in pavement. The objective of this paper is to develop
an improved asphalt binder grading system for Iraq based on the principal of Superpave
system, and increasing performance grade of product asphalt binder in Iraq using polymers
without raising the viscosity of the binder. Two types of polymers are used, Plastomers,
Functionalized Polyethylene (PE) which is developed by asphalt research group in
Wisconsin University in the USA, and Elastomers, Styrene Butadiene Styrene (SBS) with
and without cross linker. Mastercurve are drown for these modified binders, Rolling thin film
aged, to show effects on rheological properties at high temperature for complex modulus
(G*) and phase angle (3). It concluded that 3.5% of Functionalized Polyethylene polymer
(PE) is more effective than 4% of Styrene Butadiene Styrene (SBS) to shift up performance
grade of local asphalt binder two grades to be PG (76-16). Furthermore, the viscosity of
binders increasing about 200% when using 4 % SBS, while no significant effect on viscosity
when using 3.5 % of PE, therefore, there is no need to increase temperature of mixing and
compaction which may be effect on polymers In addition G*/sind is increased by a ratios of
1.6 to 2.96 for 2%, 4% respectively of SBS-based modifier (RTFO aged) and 1.4 to 3 for 2%,
3.5% respectively of PE-based polymers modifier. It can be seen that PE reduce G*.sind
about 10%, while SBS increase G*.sind about 30% and PE reduces the stiffness of asphalt
binder about 15 % at low temperature which make PE more effective, there is no significant
effects on m-value.

KEYWORDS: Superpave; Performance Grading; Modified Binder; Master curve, PE, SBS.
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Introduction

Polymer-modified asphalt binders are
frequently and effectively used in the
paving industry to improve pavement
performance and to increase pavement life.
Polymer modification is reported to reduce
pavement cracking due to thermal stresses

and repetitive loads and, especially,
decrease  rutting due to  plastic
deformation.

Application of modified asphalt concrete is
more expensive than traditional asphalt
pavement. Therefore, it is important that
the polymer-modified pavement is
manufactured and constructed properly to
assure that the improvement in pavement
performance and pavement life is
achieved.

The use of polymer modified asphalt
cements in pavement construction is an
important step in increasing the life and
durability of asphalt roads Polymer-
modified asphalt is typically manufactured
by adding Plastomers, ‘“Functionalized
Polyethylene (PE) polymer”, Elastomers
“Styrene Butadiene Styrene (SBS) with or
without cross linker”

Modification of asphalt binders is usually
performed to improve one or more of the
basic asphalt properties that are related to
one or more of the pavement distress
modes, the basic properties that have been

targeted include Rigidity, Elasticity,
Brittleness, = Storage  stability  and
durability, resistance to accumulated

damage (Bahia et al 1995).

Objective

The objective of this paper is to analyze
and select polymer-modified binders that
may improve pavement performance
without presenting extensive difficulties in
mixing, when compared to traditional
asphalt binders by considering influence of
polymer types and concentration on the
high temperature performance of polymer
modified asphalt.
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Rheological Properaties Of Local
Asphalt Binder
Table 1 shows result of rheological

properties measured for the Daurah asphalt
binder. The testing included the rotational
viscometer (RV), dynamic shear rheometer
(DSR) and bending beam rheometer
(BBR) for binders after different aging
conditions, following the Superpave
performance grading requirements, which
are tested in Wisconsin University.

Polymers

Polymer means multiple "mer" unites,
which can be linked together to form the
polymers Link is formed by breaking the
double carbon/carbon bond and allowing it
to link with others to form. The physical
structure of the polymers chain has a large
effect on the mechanical properties of
plastics. The number of monomers in each
chain defines the degree of
polymerization. The source of synthetic
polymers many are produced from
processing crude oil. They are commonly
referred to as plastics. Properties depend
on the polymer chain lengths, extent of
cross-linking, radial compounds, and the
production process.

Daurah asphalt is used as base binder and
two types of polymers are used in this
study, Elastomers “Styrene Butadiene
Styrene (SBS) with or without cross
linker” and Plastomers, new type of
polymer developed by highway research
group in Wisconsin University called
“Functionalized Polyethylene (PE)”.
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Polymers Concetration

Initially, 2% polymer concentrations are
selected for each polymer, and 0.123 % of
cross linker is mixed with 2% of SBS
polymer. Based upon results, further
polymer concentrations are determined,
4% of SBS and 3.5% of PE, for raising
performance grade of Daurah asphalt
binder two grades.

Preparation Of Polymer-Asphalt Mixes
To obtain SBS combination the initial
mixing rate is about 250 rpm. Typically,
the binder climbed the shaft of the mixer,
and a spatula is used to prevent it from
climbing into the mixer motor. The mixing
rate is kept low enough to prevent the
binder from climbing past the spatula. As
the temperature of the binder raise, the
mixing rate could be increased gradually.
The mixing rate is increased every 10
minutes until the maximum rate of 1,000
rpm is reached for 4 to 4.5 hours and
maintained the temperature of the sample
at 180°C, which is necessary to obtain a
uniform mixture, therefore, need to put
heavy gas to prevent oxidation of binder.
The polymers are added into the asphalt
gradually for 0.5 hour. The temperature of
the mixture is dropped immediately when
the polymer are added, therefore, need to
raise the temperature to 180°C. Mixing is
completed when the modified asphalt no
longer climbed the mixer shaft. a small
spatula is dipped in the mix and smeared
on clean, white paper. If the polymer
grains are visible, the mixing process is
incomplete. When the grains disappeared,
the process is considered complete.

For obtaining modifying asphalt binder
with Functionalized Polyethylene (PE)
polymer is easier than asphalt modifying
with SBS because the temperature of
mixing is 145°C for 1.5 hour, therefore,
there is no problem with oxidation.

Modification Of Asphalt Binder

737

EFFECTS OF FUNCTIONALIZED POLYETHYLENE AND
STYRENE BUTADIENE STYRENE POLYMERS ON
PERFORMANCE GRADE OF LOCAL ASPHALT BINDER

The rheological properties listed in Table
(1) of Daurah asphalt binder does not meet
climate, traffic, and pavement structure
requirements in Iraqi, therefore, it is very
necessary to shift up the performance
grade of local asphalt binder by adding
modifier as one of the attractive approach
to improve the asphalt binder properties
that are related to one or more of the
pavement distress modes. The basic
properties that have been targeted include
rigidity (total resistance to deformation
which can be measured by complex
modulus like G* under dynamic loading or
by creep stiffness, S(t),under quasi-static
loading),  Elasticity = (recovery  of
deformation using stored energy applied, it
can be measured either by phase angle(0)
or by logarithmic  creep  rate
(m)),brittleness (failure at low strains is the
best definition of brittleness),storage
stability and durability (oxidative aging,
physical hardening and volatilization are
key durability properties, resistance to
accumulated damage (rutting and fatigue
damage) (Bahia, 2009). The superpave
binder specification contains criteria based
on simply assumption test to match critical
pavement performance, Anderson et al.
1994; Bahia et al. 1999 reported the most
important assumption for neat and
modification binders and concluded that
stability of modified asphalt. It is noticed
that effect of different polymers on failure
properties is depend largely on the type of
interaction between the asphalt and
polymer, the molecular nature of the
polymer additive, and the way of
dispersion in the asphalt.
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Result And Analysis

The superpave performance grading (PG)
system is developed to evaluate binder
properties at specific temperature with
specific testing system. One of the main
objectives of Strategic Highway Research
Program (SHRP) was to develop test
methods for characterization of asphalts
that are equally applicable to unmodified
or modified asphalt cements, collectively
called asphalt binders (Anderson et al.
1994). A modifier can be selected to
improve one or more of the main
performance related properties of asphalts.
Table 1 shows SHRP parameters obtained
from superpave tests under various
temperature for different types of modified
binders at different concentration, it can be
seen although PE modifier shifting up
performance grade with same jump of SBS
modifier but not significant effects on
viscosity, therefore, there is no need to
increase temperature of mixing and
compaction which may be effect on
polymers, Furthermore, 3.5 % of PE is
used for shifting up the performance two
grade while 4% of SBS is needed to
achieve PG(76-16). Figure 1 depicts a bar
chart of the ratios of the SHRP parameters
for asphalt after modification with
different concentration of the based
polymer. The Figure indicates that there is
a favorable trend in changes of all the
performance  parameter, G*/sind is
increased by a ratios of 1.6 to 2.96 for
SBS-based modifier (RTFO aged) and 1.4
to 3 for PE-based polymers modifier. It
can be seen that PE would be reduced
G*.sind about 10%, while increase 30% if
SBS is added. PE reduces the stiffness of
asphalt binder about 15 percent at low
temperature which makes PE more
effective, while there is no significant
effects on m-value could be seen.
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Master Curve Fof Modified Binders

Rheological properties can be represented
either by the variation of G* and d as a
function of frequency at a constant
temperature (commonly referred to as
master curve) or by the variation of G*
and o with temperature at a selected
frequency or loading time, commonly
called isochronal curve (Bahia, 2009). To
show the effect of modifiers type on G*
and o, master curves are drown in Figure 2
using dynamic shear rheometer for rolling
thin film oven aged binder at 64°C. It can
be seen that G* increases while o
decreases. This indicates that an increase
in rigidity and elasticity, which results

better resistance to permanent
deformation.
Conclusions
Two types of polymers are used in this
study Plastomers “Functionalized

Polyethylene (PE) polymer”, Elastomers
“Styrene Butadiene Styrene (SBS) with or
without cross linker”.

Table 1 shows SHRP parameters
“performance grade” for Daurah asphalt
binder which not much the requirements of
climate and traffic for Iraq, therefore, it is
very necessary to add polymer to the local
asphalt binder.

It is noticed that 3.5% of Functionalized
Polyethylene (PE) polymer is more
effective than 4% of Styrene Butadiene
Styrene (SBS) to shift up performance
grade of local asphalt binder two grades

PG (76-16). The viscosity of binders
increasing about 200% when using 4 %
SBS while no significant effect on
viscosity when using 3.5% of PE,
therefore, there is no need to increase
temperature of mixing and compaction
which may be effect on polymers. G*/sind
is increased by a ratios of 1.6 to 2.96 for
2%, 4% respectively of SBS-based
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modifier RTFO aged and 1.4 to 3 for 2%,
3.5% respectively of PE-based polymers
modifier. It can be seen that PE reduce
G*.sind about 10%, while SBS increase
G*.sind about 30% and PE reduces the
stiffness of asphalt binder about 15 % at
low temperature which make PE more
effective. Furthermore, there 1is no
significant effect on m-value. Master curve
shows that using 2% of SBS, G* is
increased by 12% than G* of asphalt
binder modified with 2% of PE at 19.35
Hz frequency, and there is no significant
change in 9.
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Table (1) Rheological Properties of
Daurah Asphalt Binder

Type of Asphalt | Daurah 40-50 Pen.
Aging Original
Rotational Vi ity
otational Viscosity a13sec | 0316
Pa.sec =
@e4 °C 237
G*/sin 5. kP ———e e
smo, K2 " a70°c [ 0958
True Grade 69.83 °C 1
Penetration @25°C 45
Softening Point 48 °C
Aging RTFO
@64 °C 4.05
G*/sin 5. kP ———m e
smo, k2 I"a@70°c [ 1887
True Grade 69.13 °C 22
Loss (%0) 0.73 <1
Penetration @25°C 29
Softening Point 52°C
Aging PAV
; _@2sc [ s
@28 °C £9°
e @25 [ o |
mvate @28°C | 0578
.. E@li °C 7320
G*.sin 6, kPa e e
Creep Stiffness, @-16 °C 182
M RS Ee
True Grade 18.9°C | 300
sl al RTTCRC R
op m-value 222°C | 0289
True Grade 21.4°C | 03
Penetration @25°C 20
Suf‘rening Point 57°C
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Table 2 Effect of Modification Binder on SHRP Parameters

Type of | Daurah 64-16 Daurah 70-16 Daurah 76-16 Daurah 70-16 Daurah 70-16 Daurah 76-16
Asphalt NEAT 2%SBS 4%SBS 2%SBS+CRLINK 2%PE 3.5%PE
Aging Original Original Original Original Original Original
RV@l3 0.516 0.84 1.56 1.04 0.547 0.563
5°C
Pa.sec
Gsina| @6+°C]_237 [@rocc]_1a_|@reec] 115_|@roc]_1ss [@rocc] 1983 [@rec] 22 |
kPa | @70°C| 0938 J@76°C| 0696 |@82°C| 0621 |@76°C| 0991 |@76°C| 1.054 | @82°C | 1.725
Aging RTFO RTFO RTFO RTFO RTFO RTFO
Gsins] @61°C]_405 |@r0°c] 305 |@rec| 235_|@roc] 279 |@ro-c] 2es [@rs c| 2391 |
kPa | @70°C| 1.887 |@76°C| 147 |@82°C| 1.23 @76°C| 1.51 @76°C| 1329 | @82°C | 1329
Loss <1 <1 <1 <1 <1 <1
(%o)
Aging PAV PAV PAV PAV PAV PAV
@2sc]_er [asec]_s2_lasec] s _[@asc] s [@sec] s |@aswcl s
[ @28 °C £9° @28 °C f6° @31°C f5° @28 °C G2° @28 °C 59° @28 °C 56°
G*sind,| @23°C| 7320 | @2se°C| 7540 @28°C | 6060 | @25°C| 745 |@25°C| 7363 |@25°C| 6993
kPa | @28°C| 4700 [@2sec| 4760 |@s1°c| 4140 [@as°c| 279 [@assc| 480 | @as>c[ 447
Creep |@-16°C| 182 |@-16°C| 206 |@-16°C| 215 |@-16°C| 1225 |@-16°C| 181 |@-16°C| 158
suffpess} | 1  1r & 4 1+ L1 L
LMPa |@-22°C| 426 |@-22°C| 454 |@-22°C| 471 |@-22°C| 480 |@-22°C| 419 |J@-22°C| 380
Stop m- [ @16 °¢|_03%9_|@-16°C| 0363 a-16°c| 0329 [a1s°¢] 0372 |@-16°C| 0396 J@-167c| 0372 |
value |@-22°C| 0289 J@-22°C| 0269 |@-22°C| 0278 J@-22°C| 0281 |@-22°C| 0289 J@-22°C| 0266
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New Correlation To Calculate Absolute Permeability From
Gas Permeameter

Ass. Lecture Dhorgham S. Ibrahim Ass. Lecture Hussein H. Hussein

University of Baghdad
College of Engineering
Petroleum Engineering Department

Abstract

In this study, two correlations are developed to calculate absolute rocks permeability
from core samples tested by Gas Permeameter Apparatus. The first correlation can be applied
if K,<100, the second correlation can be applied if K,>100. Sixty core samples having
different permeabilities to give a wide range of values that necessary to achieve a correlation.

The developed correlation is easily applied and a quick method to avoid repeating the
test at different pressure values. Only one pressure test is required to reach absolute
permeability which is equivalent liquid permeability.

The final results show, after comparison between the values of permeability from the
correlations and the value of absolute permeability by liquid permeameter, good agreement
between the values.
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NEW CORRELATION TO CALCULATE ABSOLUTE
PERMEABILITY FROM GAS PERMEAMETER

Introduction

Laboratory measurement of permeability
usually uses air as the flowing fluid and
thus the value obtained is permeability to
air (Kair).

Cole, frank (1969) said dry gas is usually
used (air, N,, He) in permeability
determination because of its convenience,
availability, and to minimize fluid-rock
reaction.

The low pressure air permeability of core
often differs from its permeability to liquid
by 30 to 100 percent due to the
Klinkenberg effect. These errors are
avoided if the permeability to gas

was measured at two or three pressures
and plotted against the reciprocal of the
mean pressure, and then extrapolating to
infinite pressure to obtain the equivalent
liquid permeability. This method is
generally reliable, but has two drawbacks-
it requires tedious measurements, and
requires longer time to reach steady state.
New correlation is developed to calculate
equivalent liquid permeability from a
single run on core sample by Ruska Gas
Permeameter.

THEORY OF OPERATION

The measurement of the permeability
should be restricted to the low
(laminar/viscous) flow rate region, where
the pressure remains proportional to

flow rate within the experimental error.
For high flow rates, Darcy’s equation as
expressed by equation (1) is inappropriate
to describe the relationship of flow rate
and pressure drop. [Ali Hussein 1988]

q= KA(p1 — pz)

uL

In using dry gas in measuring the
permeability, the gas volumetric flow rate
q varies with pressure because the gas is a
highly compressible fluid. Therefore, the
value of q at the average pressure in the
core must be used in equation (1).
Assuming the used gases follow the ideal
gas behavior (at low pressures), the
following equation (2) is applied:

(1)

763

L
K (Darcy) = _ Qapl (2)
A(P, = Py)
KLINKENBERG EFFECT
Klinkenberg (1941) discovered that

permeability measurements made with air
showed different results from permeability
measurements made with a liquid. The
permeability of a core sample measured by
flowing air is always greater than the
permeability obtained when a liquid is the
flowing fluid. Klinkenberg postulated, on
the basis of his laboratory experiments,
that the gases exhibited slippage at the
sand grain surface.

The magnitude of the Klinkenberg effect
varies with the core permeability and the
type of the gas used in the experiment as
shown in figure (1). The resulting straight-
line relationship can be expressed as:
[Klinkenberg (1941)]

1
ky =k +c¢|— 3)
Pm
Where:
K,=measured gas permeability
P,=mean pressure
Ki=equivalent liquid permeability, i.e.,
absolute permeability, K
C=slope of the line
Klinkenberg expressed the slope C by the
following relationship:
C=bky 4
b=constant that depends on the size of the
pore  openings and is inversely
proportional to radius of capillary.
Jones (1972) studied the gas slip
phenomena for a group of cores for which
porosity, liquid permeability k; and air
permeability were determined. He
correlated the parameter b with the liquid
permeability by the following expression:
b=6.9k—0.36 )
Equations 3, 4 and 5 can be combined and
arranged to give:
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6.9K " +p, K —-p,K, =0

Equation (6) can be used to calculate the
absolute permeability when only one gas
permeability measurement (k,) of a core
sample is made at p, This nonlinear
equation can be solved iteratively by using
the Newton- Raphson iterative methods.

Experimental Work

The experimental work was performd in
Pet. Eng. Dept./Univ. of Baghdad. The
device used to determining (Kair) is
shown Fig. (2).
The materials used for carrying out the
experimental work are :
1.Core Sample: About (60) plugs are
prepared and their dimensions are
measured.
2.Gas Oil: Gas oil is used as a saturation
liquid to test liquid permeability, does not
volatile at room temperature.
The properties of gas oil are given in table
(1.
3.Air: Air is used as a gas to test absolute
permeability by gas permeameter.
The experiments were carried out as
follows:
1.The absolute permeability is measured
by Ruska Liquid Permeameter with gas
oil.
2.The gas permeability is measured by
Ruska Gas Permeameter with air at
different pressure drop to get equivalent
liquid permeability through drawing the
permeability to gas at two or three
pressures drop versus the reciprocal of the
mean pressure, and then extrapolating to
infinite pressure.
3.Two correlations are built by statistical
program to get equivalent liquid
permeability by single test with Ruska Gas
Permeameter. The correlations are:

K.o=f(K,,P) (7)
K = A2 A4
L= A K2+ AgxP (8)
where :

K, = gas permeability ( md)
P = mean pressure (atm)

Table (2) shows the values of the constants
(A1, Az, Az and Ay).
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Results

Several experiments have been carried out
in this work to study the possibility of
getting equation that has good agreement
with equivalent liquid permeability from a
single test by Ruska Gas Permeameter.

The correlations are built on about
75% of data point that covered different
ranges of permeability as shown in Table
(3 ) and use 25% of data point to check the
correlations. After several trials in form of
the correlations we get the final form that
give acceptable agreement, as shown in
Figure(3) and (4). The correlations take
the Klinkenberg effect implicitly and take
the effect of mean pressure explicitly, as
shown in equation (8).

Conclusions

Simple, rapid and easily applied equation
is developed to calculate equivalent liquid
permeability that equation needs only
single measurement of gas permeability .
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Symbols And Abbreviations

NEW CORRELATION TO CALCULATE ABSOLUTE
PERMEABILITY FROM GAS PERMEAMETER

Symbol Description Unit
A Area [cm’]
Al A, Aj, Ay Correlation constants -

b Constant -
c Slope -
CP centi poise

K Absolute permeability [Darcy]
K, Gas permeability [Darcy]
Kp Liquid permeability [Darcy]
Ko effective permeability for oil [Darcy]

L Length [cm]

P, Inlet pressure [atm]

P, Outlet pressure [atm]

Py Mean pressure [atm]

q Discharge [cc/sec]

Quv Average discharge [cc/sec]

R Correlation coefficient -

V% Variance -

Abbreviations Definition

He Helium

N2 Nitrogen

Greek symbols

Symbols Description Unit
u Kinematic viscosity [csc]
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Figure (1) effect of gas pressure on measured permeability for various gases
[Klinkenberg (1941)]
13
asQ
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1. Core holder, 2. Thermometer, 3. Three flow meters, Small, medium, Large, 4. Flow
meter selector switch, 5. Pressure gauge, 6. Pressure regulator, 7. Second flow line valve,
8. Bleed off valve, 9.First flow line valve, 10. Bleed off valve, 11. Flow line regulator, 12.
Air pressure gauge, 13. Air tank valve, 14. Air.

Figure (2) Ruska gas permeameter
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Table (1). Properties of Gas oil.

Property

Sp. gr. at24° C

Viscosity at 19 °© C (C.P.)

Viscosity at 24 ° C (C.P.)

Viscosity at 30 ° C (C.P)

Table (2) values of the corrleations coefficients

Variance (V Correlation | Application
Constants %) coefficient range
(R)
A A, A; Ay
0.477104 | 1.110739 -9.4060 | 7.309868 93.61 0.9623 Ke=100
1.18921 | 0.931348 | -105.314 | 248.0285 98.54 0.9926 K.>100
Table (3) values of the results calculation
Core No. L(mm) D(mm) Area(Cm2) | Pavg(atm) AP(atm) Kg(md) KL(md) Ko(md)

1.125 0.25 17.35586

1 33.96 25.19 4.98564 1.25 0.5 13.88469 | 2.740399 1.708781
1.5 1 13.63675
1.125 0.25 118.0615

2 26.31 25.3 5.02928 1.25 0.5 117.1094 102.7526 93.31896
1.5 1 114.253
3 1.125 0.25 83.2958
26.82 25.03 4.92251 1.25 0.5 80.32095

1.5 1 80.32095 | 71.63126 62.66466
4 1.125 0.25 374.2347
27.4 25.22 4.99752 1.25 0.5 368.2629

1.5 1 358.3098 | 310.4828 316.2579

5 17.96 25.35 5.04918 1.125 0.25 186.4445 165.967 158.4175
1.25 0.5 182.5603
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1.5 1 181.2655
6 1.125 0.25 124.4662
23.21 24.94 4.88717 1.25 0.5 121.0088
1.5 1 121.0088 110.9096 101.5286
7 1.125 0.25 16.23058
37.82 25.45 5.08909 1.25 0.5 15.14854
1.5 1 14.87803 10.89157 7.836816
8 1.125 0.25 40.57649
34.51 25.42 5.0771 1.25 0.5 30.43237
1.5 1 30.30866 0.299506 0.148432
1.125 0.25 14.75841
9 26.24 25.02 491857 1.25 0.5 13.78746 10.2665 7.341897
1.5 1 13.59327
1.125 0.25 14
10 33.63 25.45 5.08909 1.25 0.5 13.03729 6.128824 4.154491
1.5 1 12.02702
1.125 0.25 31.79949
11 30.85 25.44 5.08509 1.25 0.5 26.49958 2.068827 1.252938
1.5 1 24.29128
1.125 0.25 829.3049
12 4089 | 2529 5.0253 1.25 0.5 8144959 | 451207 | 7163055
1.5 1 784.8778
1.125 0.25 12
13 40.65 25.62 5.15731 1.25 0.5 10.61551 2.501802 1.545329
1.5 1 9.611338
1.125 0.25 79.99816
14 23.82 25.19 4.98564 1.25 0.5 79.12861 73.06468 64.05019
1.5 1 78.25907
1.125 0.25 74.71036
15 34.49 25.33 5.04121 1.25 0.5 70.97484 41.17465 39.9756
1.5 1 68.23546
1.125 0.25 270.0979
16 30.42 25.23 5.00149 1.25 0.5 265.6701 207.8752 203.109
1.5 1 254.6005
1.125 0.25 964.9403
17 29.61 25.01 4.91464 1.25 0.5 877.2184 591.7179 644.4324
1.5 1 870
1.125 0.25 117.4282
18 21.58 25.1 4.95008 1.25 0.5 115.0638 82.61604 87.83428
1.5 1 111.0807
1.125 0.25 114.9361
19 20.44 25.35 5.04918 1.25 0.5 106.0948 70.18097 73.78142
1.5 1 105.8738
1.125 0.25 162.1563
20 26.82 25.37 5.05715 1.25 0.5 160.2259 142.852 134.2486
1.5 1 157.3302
1.125 0.25 65.34619
21 31.38 254 5.06911 1.25 0.5 60.83955 45.39247 37.87465
1.5 1 60.27622
1.125 0.25 57.57394
22 22.21 25.01 4.91464 1.25 0.5 54.284 24.67455 19.32622
1.5 1 49.34909
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1.125 0.25 143.8746 122.496

23 29.29 25.51 5.11312 1.25 0.5 141.7895 | 131.4736
1.5 1 140.7469
1.125 0.25 11.46683

24 25.03 25.44 5.08509 1.25 0.5 10.75015 | 8.656702 | 6.082099
1.5 1 10.75015
1.125 0.25 86.6604

25 36.19 25.42 5.0771 1.25 0.5 8432524 | 72.24659 | 63.25908
1.5 1 83.02793
1.125 0.25 13.93304

26 4123 24.56 473938 1.25 0.5 12.98306 | 9.566468 | 6.79134
1.5 1 12.82473
1.125 0.25 314.1376

27 23.16 25.34 5.04519 1.25 0.5 300.77 | 227.8641 | 2247705
1.5 1 2924153
1.125 0.25 7.549945

28 33.09 25.49 5.1051 1.25 0.5 731801 1 ¢ 146748 | 4.167904
1.5 1 7.196042
1.125 0.25 66.09866

- 27.85 25.38 5.06113 125 05 64.00567 | 54.18614 | 46.05025
1.5 1 63.09417
1.125 0.25 677.3357

30 22.79 24.97 4.89894 E o o003 508 544.5687
1.25 0.5 11.29738

31 30.59 25.54 5.12515 = : 0Scog | 86903 | 6.108159
1.125 0.25 292.9959

32 16.47 25 491071 1.25 0.5 280.7877 | 2203895 | 216.6464
1.5 1 274.6837
1.125 0.25 73

33 23.83 25.6 5.14926 1.25 0.5 7.07506 | 2321914 | 1423154
1.5 1 6.064337
1.125 0.25 714.9178

34 27.33 25.25 5.00942 E o ospso | 51633 | 5544331
1.125 0.25 2373676

35 21.95 25.18 4.98168 1.25 0.5 224537 | 170.8085 | 163.5259
1.5 1 220.5274
1.125 0.25 86.44464

36 33.44 25.4 5.06911 1.25 0.5 81.64216 | 67.61386 | 58.797
1.5 1 81.64216
1.125 0.25 699.1111

37 29.04 252 4.9896 WE o 025 | 48726 | 520.0816
1.125 0.25 895.9347

38 27.35 24.66 4.77805 1.25 0.5 833.4277 | 636.9497 | 699.0156
1.5 1 830
1.125 0.25 93.69012

39 19.66 25.33 5.04121 1.25 0.5 89.43148 | 75.55354 | 66.46256
1.5 1 89.07659
1.125 0.25 808.943

40 26.24 25.42 5.0771 WE o 001304 | 62082 | 679.5035

41 31.59 25.16 497377 1.125 0.25 1017.227 | 750.861 838.214
1.25 0.5 970.9891

769




Number 6 Volume 18 June 2012 Journal of Engineering

1.5 1 950
1.125 0.25 12.51811

42 29.33 25.52 5.11712 1.25 0.5 12.01738 9.624668 6.836958
1.5 1 11.78789
1.125 0.25 214.2575

43 314 25.53 5.12114 1.25 0.5 209.7938 183.1878 176.6552
1.5 1 206.446
1.125 0.25 73.72598

44 36.33 25.73 5.20169 1.25 0.5 72.45484 63.59033 54.94726
1.5 1 71.18371
1.125 0.25 126.8594

45 30.7 25.5 5.10911 1.25 0.5 124.6722 100.5551 91.11862
1.5 1 120.2977
1.125 0.25 677.4134

46 30.22 24.9 4.87151 1.25 0.5 643.5427 498.8496 533.752
1.5 1 632.2525
1.125 0.25 147.8652

47 42.63 25.32 5.03723 1.25 0.5 140.78 117.5869 108.296
1.5 1 140.1639
1.125 0.25 110.0825

48 30.94 25 491071 1.25 0.5 103.2023 83.10504 73.83157
1.5 1 103.2023
1.125 0.25 1164.729

49 36.28 2491 4.87542 1.25 0.5 1083.469 844.2025 953.9414
1.5 1 1083
1.125 0.25 62.93357

50 27.13 25.28 5.02133 1.25 0.5 61.16356 55.19626 46.99869
1.5 1 60.9669
1.125 0.25 285.2871

51 19.18 25.33 5.04121 1.25 0.5 276.9778 224.6436 221.2667
1.5 1 270.0533
1.125 0.25 129.7911

52 42.9 25.36 5.05316 1.25 0.5 123.6105 105.5569 96.13401
1.5 1 123.6105
1.125 0.25 9.594691

53 22.41 25.48 5.1011 1.25 0.5 9.914514 6.312297 4.291975
1.5 1 8.795133
1.125 0.25 9.11093

54 31.82 25.44 5.08509 1.25 0.5 8.313723 5.985042 4.047046
1.5 1 8.313723
1.125 0.25 16.5

55 38.12 25.51 5.11312 1.25 0.5 14.65421 8.71269 6.125532
1.5 1 14.51852
1.125 0.25 71.92927

56 29.41 24.62 4.76256 1.25 0.5 67.43369 54.30187 46.15882
1.5 1 67.43369
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Abstract

Adsorption capacity of a waste biomass, date stones, for phenolic compounds such as phenol
(Ph) and p-nitro phenol (PNPh) was investigated. The characteristics of such waste biomass were
determined and found to have a surface area and iodine number of 495.71 m%/g and 475.88 mg/g,
respectively. The effects of temperature, initial sorbate concentration, and contact time on the
adsorption process were studied. Experimental equilibrium data for adsorption of Ph and PNPh
on date stones were analyzed by the Langmuir, Freundlich and Sips isotherm models. The results
show that the best fit was achieved with the Sips isotherm equation with maximum adsorption
capacities of 147.09 and 179.62 mg/g for Ph and PNPh, respectively. The kinetic data were
fitted to pseudo-first order, pseudo-second order and intraparticle diffusion models, and was
found to follow closely the pseudo-second order model for both Ph and PNPh. The calculated
thermodynamic parameters, namely AG, AH, and AS showed that adsorption of Ph and PNPh
onto date stones was spontaneous and endothermic under examined conditions.
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Introduction

Wastewaters from paint, pesticide, coal
conversion, polymeric resin, gasoline,
rubber proofing, steel, petroleum, and
petrochemical industries contain
considerable amounts of phenols. These
pollutants are known to be toxic,
carcinogenic, and posing serious hazards to
aquatic living organisms. Phenol (Ph) and p-
nitro phenol (PNPh) are the most hazardous
polluting phenols to the environment. The
presence of Ph even at low concentrations
can cause unpleasant taste and odor of
drinking water. PNPh can enter the human
body through all routes and reacts easily in
the blood to convert hemoglobin to
methamoglobin, thereby preventing oxygen
uptake. Indeed, it is necessary to remove
these pollutants from wastewaters before
discharge into the environment (Zhu et al.,
2000).

Various processes have been employed
for the removal of phenols from aqueous
media including chemical oxidation (He et
al., 2009), membrane filtration (Kujawski et
al., 2004), biodegradation (El-Naas et al.,
2009), electro coagulation (Ugurlu et al.,
2008), photo degradation (Gomez et al.,
2011), solvent extraction (Xu et al., 20006),
and adsorption (Yang et al., 2008). Among
these methods adsorption is still the most
popular and widely used technique for
phenols removal, because of its simple
design, easy operation, and relatively simple
regeneration (Nevskaia et al., 2004).

In the design and optimization of
adsorption  processes the  adsorption
isotherms and kinetics are of utmost
importance to study. Adsorption isotherms
are important for the description of how
adsorbate will interact with adsorbent and
are critical in optimizing the use of
adsorbent. Thus, the correlation of
experimental equilibrium data using either a
theoretical or empirical equation is essential
for adsorption data prediction. Adsorption
kinetics involves the study of the rate at
which pollutants are removed from aqueous
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solution onto adsorbent surface, which in
turn controls the residence time of the
adsorbate wuptake at the solid-solution
interface (Altenor et al., 2009).

Currently adsorption on activated carbon
is widely used for removal of phenols, but it
is still considered expensive material
(Sulaymon and Ahmed, 2008). Recently
agricultural waste biomass, have been
investigated intensively as adsorbents for

removal of pollutants from aqueous
solutions. Because these materials are
cheaper, renewable and  abundantly

available; also constitute an environmental
problem (Adiuata et al., 2007). Date stones
can be considered as one of the best
candidate among the agricultural wastes
because it is cheap and quite abundant,
especially in Mediterranean countries.
Carbohydrates are the major components of
date stones; they are composed of 42%
cellulose, 18% hemi cellulose, 25% sugar
and other compounds, 11% lignin and 4%
ash. This lignocellulosic composition
promotes the use of date stones as
adsorbents for removal of pollutants. Date
stones as a waste stream have been a
problem to the palm oil and palm syrup
factories. Therefore, its recycling or
reutilization is useful (Hameed et al., 2009).

Many studies have been done on
adsorption isotherms and kinetics of phenols
on various agricultural wastes and natural
materials such as red mud (Gupta et al.,
2004), soil (Subramanyam and Das,
2009), chitin (Dursun and Kalayci,
2005), clinoptilolite rock (Sprynskyy et
al., 2009), lignite (Polat et al., 2006),
olive pomace (Stasinakis et al., 2008),
deolied soya (Mittal et al., 2009), wood
fly ash (Daifullah and Gad, 1998),
mauritonian clay (Ely et al., 2011),
mansonia wood sawdust (Ofomaja,
2011), rice husk (Ahmaruzzaman and

Sharma, 2005), chitosan (Li et al., 2009),
and alignate (Peretz and Cinteza, 2008).
Though date stones-based activated carbon
has been widely used to remove phenols
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from wastewaters (Alhamed, 2009; El-Naas
et al., 2010; Alhamed, 2008), literature is
scant where raw date stones were employed
directly for phenols adsorption.

Therefore, the main objective of the
present work is to study experimentally and
theoretically the equilibrium isotherms,
kinetics, and thermodynamics of Ph and
PNPh adsorption onto raw date stones.

Materails And Methods

Materials

Date stones were used as adsorbent.
Stones as received were first washed with
water to get rid of impurities, dried at 110 °C
for 24 h, crushed using disk mill, and sieved.
Fraction of average particle size of 250 um
was selected for the study. The properties of
chemicals used are listed in Table 1.

Adsorbent characteristics

Date stones were characterized by
selected physical properties including bulk
density and surface area, chemical properties
including ash and moisture contents, and
adsorption  properties including iodine
number. The details of characterization
methods are illustrated as follows.

Bulk density

Bulk or apparent density was determined
according to procedure followed by
Ahmedna et al. (1997). 10 ml cylinder was
filled to a specified volume with date stones
that had been dried in an oven at 80 °C for
24 h (Ahmedna et al., 1997). The bulk
density was then calculated as follows:

W
bulk density = ——
Vc

(M
Where W¢ is the weight of dried adsorbent
(g) and V¢ is cylinder volume packed with
dried adsorbent (ml).
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Ash content

The ash content of date stones was
determined by standard methods (ASTM
standard, 2000). 0.5 g of date stones with
average particle size of 0.250 mm was dried
at 80 °C for 24 h and placed into weighted
ceramic crucibles. The samples were heated
in an electrical furnace at 650 °C for 3 h.
Then the crucibles were cooled to ambient
temperature and weighed. The percent of
ash was calculated as follows:

Wss - Ws2

Wsi

ash (%) = x 100 2)

Where Wg; is the weight of crucible
containing ash (g), Ws; is the weight of
crucible (g), and Wg; is the weight of
original adsorbent used (g).

Moisture content

The moisture content of date stones was
determined using oven drying method
(Adekola and Adegoke, 2005). 0.5 g of
adsorbent with average particle size of 250
mm was placed into weighed ceramic
crucible. The samples were dried at 110 °C
to constant weight. Then the samples were
cooled to ambient temperature and weighed.
The moisture content was calculated by the
following equation:

Wms - Wm2

mositure (%) = x 100

3)

ml

Where W,; is the weight of crucible
containing original sample (g), Wyp is the
weight of crucible containing dried sample
(g), and W, is the weight of original
sample used (g).

Todine number

Iodine number which is a measure of the
micropore content of structure (0 to 20 A)
was determined as follows: 10 ml of 0.1 N
1odine solution in a conical flask is titrate
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with 0.1 N sodium thiosulfate solution in the
presence of 2 drops of 1 wt% starch
solution as an indicator, till it becomes
colourless. The burette reading is
corresponding to V,. Then weigh very
accurately 0.05 g of date stones and add it to
conical flask containing 15 ml of 0.1 N
iodine solution, shake the flask for 4 min
and filter it, then titrate 10 ml of filtrate with
standard sodium thiosulfate solution using 2
drops of starch solution as indicator, now the
burette reading is corresponding to Vs. The
iodine number was then calculated by using
the following equation (Lubrizol, 2007):

_ (Vb-Vs).N.(126.9).(15/10)
- M

IN 4)

Where IN is iodine number (mg/g), V, and
Vs are volumes of sodium thiosulfate
solution required for blank and sample
titrations (ml), respectively, N is the
normality of sodium thiosulfate solution
(mole/l), 126.9 is atomic weight of iodine,
and M is the mass of adsorbent used (g).

Surface area

The surface area of the date stones was
estimated through a calibration curve which
has a correlation coefficient of 0.997
between the iodine numbers and BET
surface area from the literature (Fadhil and
Deyab, 2008) as shown in Fig. 1.

Adsorption isotherms

The equilibrium isotherms of Ph and
PNPh adsorption on date stones were
determined by performing adsorption tests
in 100 ml Erlenmeyer flasks where 40 ml of
Ph or PNPh solutions with different initial
concentrations (50-250 mg/l) was placed in
each flask. The pH of the solutions was
gradually adjusted to 7 by adding small
amounts of 0.1 M HCIl or NaOH solution.
0.02 g of date stones, with particle size of
250 pm, was added to each flask and kept in
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a shaker of 120 rpm at different
temperatures (303-323 K) for 90 min to
reach equilibrium. Then the samples were
filtered and the residual concentrations of Ph
or PNPh in the filtrate were analyzed by a
UV-Visible Spectrophotometer (Shimadzu
UV-160A) at maximum wave lengths of 269
and 400 nm for Ph and PNPh, respectively.
The uptake of Ph or PNPh at equilibrium, g,
(mg/g) was calculated by the following
expression:

q. = (C,-Ce)V 5)

W

Where C, and C. (mg/L) are the initial and
equilibrium concentrations of Ph or PNPh
solution, respectively, V (L) is the volume
of solution, and W (g) is the weight of date
stones.

Three famous isotherm equations,
namely the Langmuir (1916), Freundlich
(1906), and Sips (1948) were applied to fit
the experimental isotherm data of Ph and
PNPh adsorption on date stones. These
equations can be written as:

Langmuir isotherm

q. KiCe
= = 6
K 1+KeCe ©

Freundlich isotherm

qe — KF Cel/n (7)
Sips isotherm
q Ks Cel/m
&= e ®

Where q, (mg/g) is the Langmuir maximum
uptake of Ph or PNPh per unit mass of date
stones, K (L/mg) is the Langmuir constant
related to rate of adsorption, Kg
((mg/g).(L/mg)"™ and n are Freundlich
constants which give a measure of
adsorption capacity and adsorption intensity,
respectively, gs (mg/g) is the Sips maximum
uptake of Ph or PNPh per unit mass of date
stoned, K (L/mg)""™ is Sips constant related
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to energy of adsorption, and parameter m
could be regarded as the Sips parameter
characterizing the system heterogeneity.
Least-squares regression program based on
Hooke-Jeeves and Gauss-Newton method
was used to analyze experimental data. This
program gave the parameters of each
equation and the agreement between
experimental and calculated data in terms of
correlation coefficient R,

Adsorption kinetics

The procedure used for kinetic tests was
identical to that wused for equilibrium
experiments. The aqueous samples were
taken at present time intervals, and the
concentrations of Ph or PNPh were similarly
measured. The uptake of Ph or PNPh at time
t, g: (mg/g), was calculated by:

q = (C,-CHV ©)
w

Where, C; (mg/L) is the liquid-phase
concentration of Ph or PNPh solution at time
t  (min). Pseudo-first order model
(Langergen and Svenska, 1898), pseudo-
second order model (Ho and Mckay, 1999),
and intraparticle diffusion model (Weber
and Morris, 1963) were used to analyze the
kinetic data. These models can be expressed
as:

Pseudo-first order model

In(q, -q.) =1In(q,)-Kit (10)
Pseudo-second order model

q. Keqo  q.
Intraparticle diffusion model

q, =Kt +C (12)

Where q. and q; (mg/g) are the uptake of Ph
or PNPh at equilibrium and at time t (min),
respectively, K; (1/min) is the adsorption
rate constant, K, (g/mg.min) is the rate
constant of second-order equation, Kj;
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(mg/g.min"?) is the intraparticle diffusion

rate constant, and C (mg/g) is a constant that
gives an idea about the thickness of the
boundary layer..

Adsorption thermodynamics

Thermodynamic  behavior of the
adsorption of Ph and PNPh on date stones
was evaluated by the thermodynamic

parameters including the change in free
energy (AG), enthalpy (AH), and entropy
(AS). These parameters are calculated from
the following equations:

AS AH
In(Ko)= — ——— 13
n(K)=—"~727 (13)
AG = -RT In (Ko) (14)
Kd:LW/V) (15)
Ce

Where, R is the universal gas constant
(8.314 J/mole K), T is temperature (K), and
Kq is the distribution coefficient for the
adsorption.

RESULTS AND DISCUSSION
Adsorbent characteristics

The characteristics of date stones were
determine and summarized in Table 2. The
most important characteristics are surface
area and iodine number, and the results
showed that their values are 495.71 m*/g and
475.88 mg/g, respectively. This high surface
area for an agricultural waste biomass
enables date stones to be used successively
for removal of dyes from aqueous solutions,
as explained by Belala et al. (2011) and
Banat et al. (2003). Also this high iodine
number which is a measure of micropore
content (0 to 20 A), can be a good indication
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for the capability of date stones to remove
most of phenols which have molecular sizes
in the range of micropores content (Lu and
Sorial, 2007).

Effect of contact time

The effect of contact time on uptakes of
Ph and PNPh onto date stones is shown in
Fig. 2. This figure shows that the uptake of
both adsorbate increases with the increase of
contact time, and the adsorption reached
equilibrium in about 90 min. Maximum
uptakes of 59.77 and 65.79 mg/g for Ph and
PNPh, respectively, are reported at 90 min
contact time, 50 mg/L initial concentration,
7 pH, and 0.5 g/L adsorbent dose. Fig. 2 also
shows that rapid increase in uptakes of Ph
and PNPh is observed during the first 15
min. The fast adsorption at the initial stage
may be due to the higher driving force
making fast transfer of Ph and PNPh ions to
the surface of date stone particles and the
availability of the uncovered surface area
and the remaining active sites on the
adsorbent (Aroua et al., 2008).

Adsorption isotherms

The experimental equilibrium data for
Ph and PNPh adsorption on date stones,
calculated from Eq. (5), are fitted with
Langmuir, Freundlich and Sips isotherms,
Eqs.(6)-(8). The calculated constants of the
three isotherm equations along with R’
values are presented in Table 3. This table
shows that the Sips isotherm -correlates
experimental data with highest R* values for
both Ph and PNPh at three different
temperatures. Also this table shows that the
Sips isotherm gave maximum adsorption
capacities of 147.09 and 179.62 mg/g for Ph
and PNPh, respectively. The equilibrium
data for Ph and PNPh correlated with Sips
isotherm are shown in Figs. 3 and 4,
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respectively. It can be seen from these
figures that the uptake of PNPh is higher
than that of Ph; this may be due the smaller
molecular size of Ph as compared with that
of PNPh. This implies that only a small part
of the micropores is filled in Ph adsorption,
and the micropore phenomenon is more
evident for PNPh, as explained by Liu et al.
(2010). Also these figures show that the
adsorption capacities of Ph and PNPh
increases with increasing temperature,
which indicate the endothermic nature of
adsorption on date stones. Table 4 lists a
comparison of Ph and PNPh adsorption
capacities for the date stones with those
for different agricultural and natural
adsorbents. It can be seen that date
stones can be classified as one of the
effective adsorbents for this purpose.

Effect of temperature

Fig. 5 shows the maximum adsorption
capacities of date stones for Ph and PNPh,
calculated from sips isotherm, versus
temperature. It can be seen that the increase
in temperature from 303 to 323 K leads to
an increase in adsorption capacity from
125.26 to 147.09 mg/g for Ph and from
152.66 to 179 .62 mg/g for PNPh. This is an
indication for endothermic nature of the
adsorption of Ph and PNPh on date stones.
Similar trend was reported by Al-Mutairi
(2010) for adsorption of 2, 4-dinitrophenol
on date stones. It was explained that as
temperature increased, the surface activity
and kinetic energy of 2, 4-dinirphenol also
increased which caused the interaction
forces between the solute and adsorbent to
become stronger than solute and solvent.

Adsorption Kinetics

The experimental kinetic data for Ph and
PNPh adsorption on date stones, calculated
from Eq. (9), are fitted with pseudo-first
order, pseudo-second order and intraparticle
diffusion models, Egs. (10)- (12), and
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presented in Figs. 6, 7 and 8, respectively.
The calculated constants of the three
isotherm equations along with R* values at
50 mg/L initial adsorbate concentration are
presented in Table 5. The linear plot of
In(qe-q;) versus t (Fig. 6) for pseudo-first
order equation is of low R* values for both
Ph and PNPh, as shown in Table 5. Also,
there is a large difference between the
experimental and calculated adsorption
capacity for both adsorbates, indicating a
poor pseudo-first order fit to the
experimental data. High R? values are
obtained for the linear plot of t/q; versus t
(Fig. 7) for pseudo-second order equation, as
shown in Table 5. It can be seen that the
pseudo-second order kinetic model better
represented the adsorption kinetics and the
calculated q. values agree well with the
experimental ¢, values for both Ph and
PNPh (Table 5). This suggests that the
adsorption of Ph and PNPh on date stones
follows second-order kinetics. A similar
result was reported by Ofomaja (2011) for
the adsorption of PNPh on mansonia wood
sawdust. From Table 5, the value of rate
constant K, for PNPh is lower than that for
Ph, this probably due to the low adsorption
capacity of Ph as compared to that of PNPh.
On the other hand, for the intraparticle
diffusion model, the low values of R* (Table
5) for the linear plot of q; versus t* (Fig. 8)
indicate that this model could not fit
properly the experimental kinetic data.

Adsorption thermodynamics

According to Egs.(13)-(15), the AH and
AS parameters for Ph and PNPh can be
calculated from the slope and intercepts of
the plot of In(Ky) versus 1/T (Fig. 9). The
calculated values of AH, AS, and AG are
listed in Table 6.

The obtained values for Gibbs free
energy change (AG) are -1090.79, -1347.98,
and -1860.99 J/mole for Ph and -1770.96, -
2443.52, and -3227.88 J/mole for PNPh
adsorption on date stones at 303, 313, and
323 K, respectively. The negative AG values
indicate thermodynamically spontaneous
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nature of the adsorption. The increase in AG
values with increasing temperature shows an
increase in feasibility of adsorption at higher
temperatures. The AH parameters are
10535.30 and 20277.34 J/mole for Ph and
PNPh  adsorption on date stones,
respectively. The positive AH is an indicator
of endothermic nature of the adsorption and
also its magnitude gives information on the
type of adsorption, which can be either
physical or chemical. The enthalpy of
adsorption, ranging from 2.1 to 20.9 kJ/mole
corresponds to a physical sorption. The
adsorption heat of Ph and PNPh is in range
of physisorption. Therefore, the AH values
show that the adsorption of Ph and PNPh on
adsorbent was taken place via physisorption.

The AS values are 38.24 and 72.71
J/mole for Ph and PNPh, respectively. The
positive AS value suggests an increase in the
randomness at sorbate-solution interface
during the adsorption process.
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NOMENCLATURE

C : Intraparticle diffusion kinetic
model constant (mg/g)

Ce : Equilibrium concentrations of Ph
or PNPh solution (mg/L)
Co : Initial concentrations of Ph
or PNPh solution (mg/L)
Ci : Concentration of Ph or PNPh
at time t (mg/L)
IN : lodine number (mg/g)
K, : First order kinetic model constant
(1/min)
K, : Second order kinetic model
constant (g/mg.min)
K; : Intraparticle diffusion rate
constant (mg/g.min"?)
Ky : Adsorption distribution
Coefficient
Kg : Freundlich isotherm equation
constant ((mg/g).(L/mg)"™)
Ky : Langmuir isotherm equation
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Ks

=

Ph
PNPh

e

qL

qs

qt

R2

Vb

Ve

We
Wm]

WmZ
Wm3
WSI

Wso
W3

AH

constant (L/mg)
: Sips isotherm equation constant
(L /m g)l/m
: Sips isotherm equation
parameter
: Mass of adsorbent used (g).
: Freundlich isotherm equation
constant
: Normality of sodium thiosulfate
solution (mole/l)
: Phenol

: P-nitro phenol
: Uptake of Ph or PNPh at

equilibrium (mg/g)

: Langmuir maximum uptake of

Ph or PNPh per unit mass of
date stones (mg/g)

: Sips maximum uptake of Ph or

PNPh per unit mass of date
Stone (mg/g)

: Uptake of Ph or PNPh at time t

(mg/g)

: Universal gas constant

(8.314 J/mole.K)

: Correlation coefficient
: Temperature (K)

: Volume of solution (L)
: Volume of sodium thiosulfate

solution required for blank titration
(ml)

: Cylinder volume packed with dried

adsorbent (ml).

: Volume of sodium thiosulfate

solution required for sample
titration (ml)

: Weight of date stones (g)
: Weight of dried adsorbent (g)
: Weight of original sample used

(2)-

: Weight of crucible containing dried

sample (g).

: Weight of crucible containing

original sample (g).

: Weight of original adsorbent used

(8)-

: Weight of crucible (g)
: Weight of crucible containing ash

(2

: Change in enthalpy (J/mole)
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AG : Change in free energy (J/mole)
AS : Change in entropy (J/mole.K)
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Table 1, Properties of chemicals

Compound Molecular formula Purity (%) Source
Phenol C¢HsOH >99 BDH chemicals Ltd
company
P-nitro phenol CcHsNO; >99 BDH chemicals Ltd
company
Hydrochloric Acid HCl 35-38 Poch S.A.
Company
Sodium Thiosulfate Na,0;S,.5H,0 >99 Fluka Chemie AG
Company
Todine I, 99.9 Sigma Aldrich
Company
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Table 2, Characteristics of date stones

Journal of Engineering

Characteristic Value
Bulk density (g/ml) 0.393
Surface area (m*/g) 495.71
Ash content (%) 1.66
Moisture content (%) 7.80
Iodine number (mg/g) 475.88

Table 3, Adsorption isotherm parameters of Ph and PNPh on date stones

adsorbate Temperature Langmuir isotherm
(K) qm (Mg/g) Ky (L/mg) R®
PNPh 303 146.64 0.0489 0.9993
313 158.36 0.0567 0.9989
323 173.60 0.0660 0.9987
Ph 303 122.17 0.0494 0.9998
313 132.37 0.0476 0.9997
323 144.65 0.0501 0.9991
Freundlich isotherm
KF n
((mg/g)(L/mg)")
PNPh 303 34.865 3.7975 0.9899
313 40.290 3.9285 0.9884
323 46.773 4.0331 0.9852
Ph 303 31.539 4.0764 0.9916
313 32.402 39134 0.9893
323 35.422 3.8804 0.9878
Sips isotherm
qm (mg/g)  Ks((L/mg)™)  m
PNPh 303 152.66 0.0626 1.1167  0.9995
313 165.50 0.0739 1.1347  0.9993
323 179.62 0.0812 1.1087  0.9990
Ph 303 125.26 0.0595 1.0805  0.9999
313 133.43 0.0506 1.0249  0.9997
323 147.09 0.0564 1.0515  0.9991
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Table 4, Comparison of Ph and PNPh maximum capacity onto various adsorbents

adsorbate adsorbent maximum capacity (mg/g) Ref.

Ph date stones 147.09 This study
red mud 59.20 (Gupta et al., 2004)
soil 34.27-51.83 (Subramanyam and Das, 2009)
chitin 25.06 (Dursun and Kalayci, 2005)
clinoptilolite rock 11.70 (Sprynskyy et al., 2009)
lignite 10.00 (Polat et al., 2006)
olive pomace 4-5 (Stasinakis et al., 2008)
deoiled soya 1.59 (Mittal et al., 2009)

PNPh date stones 179.62 This study
wood fly ash 134.90 (Daifullah and Gad, 1998)
mauritanian clay 43.7+£9.8 (Ely et al., 2011)
mansonia sawdust 21.28 (Ofomaja, 2011)
Rice husk 15.3 (Ahmaruzzaman and Shama, 2005)
chitosan 1.98 (Li et al., 2009)
alignate 0.69 (Peretz and Cinteza, 2008)
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Table 5, Kinetic adsorption parameters of Ph and PNPh at 50 mg/L and 303 K

adsorbate Pseudo-first order model

Qe. exp (ME/g) Qe, cal (ME/g) K(1/min) R’
PNPh 66.89 3.292 0.0303 0.9935
Ph 60.67 2.624 0.0271 0.9749

Pseudo-second order model
qe, exp (Mg/Q) qe,cal (mg/g) K (g/mg.min)
PNPh 66.89 68.27 0.0042 0.9998
Ph 60.67 60.89 0.0080 0.9999

Intraparticle diffusion model

qe, exp (ME/g) C(mg/lg)  K;(mg/gmin')
PNPh 66.89 51.68 1.572 0.9722
Ph 60.67 50.18 1.089 0.8969

Table 6, Thermodynamics adsorption parameters of Ph and PNPh at 50 mg/L

adsorbate AH (J/mole)  AS (J/mole) -AG (J/mole)

303K 313K 323 K
Ph 10535.30 38.24 1090.79 1347.98 1860.99
PNPh 20277.34 72.71 1770.96 2443.52 3227.88

761



ISSN 1726-4073

U
41

uJM:\.&MM

la = daigl

L4

A aiy daa

BT

N
—
(@)
(Q\]



ISSN 1726-4073

[ | [ | [ |
A Scientific Refereed Journal

Published by College of
Engineering University of
Baghdad

JUNE
2012

Number 6

Volume 18




ENGINEERING

College of Engineering Baghdad University Baghdad

List of Contents
English Section: Page

Theoretical and Experimental Investigation of Transient Temperature
Distribution in Friction Stir Welding of AA 7020-T53

Dr. Muhsin Jaber Jweeg 693 - 709

Dr. Moneer Hameed Tolephih
Muhammed Abdul-Sattar

Comparative Biosorption Of Pb(11), Cr(111) And Cd(1l) lons In Single
Component System By Live And Dead Anaerobic Biomass, Batch
Study 710- 716
Abbas H. Sulaymon

Shahlaa E. Ebrahim

Mohanad J. Mohammed Ridha

Experimental and numerical evaluation of friction stirs welding of AA

2024-W aluminum alloy 717 - 734

Dr.Ayad M. Takhakh
Hamzah N. Shak

Effects Of Functionalized Polyethylene And Styrene Butadiene Styrene
Polymers On Performance Grade Of Local Asphalt Binder 735-738

Dr. Alaa H. Abed

Adsorption Of Phenol And P-Nitro Phenol Onto Date Stones:

Equilibrium Isotherms, Kinetics and Thermodynamics Studies
739 - 757
Muthanna J. Ahmed,
Samar K. Theydan,
Abdul-Halim A.K. Mohammed

New Correlation To Calculate Absolute Permeability From Gas
Permeameter 758 - 767

Ass. Lecture Dhorgham S. Ibrahim
Ass. Lecture Hussein H. Hussein



AL ginall 44018

134 - 114

150 - 135



