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Force exerted by Hawking radiation emitted from Black hole

Manjunath. R. (reader in physics)
#16, 8" Main road,
Shivanagar, Rajajinagar,
Bangalore-560010
Karnataka, India
manjunathr1988@yahoo.in

Abstract: Hawking radiation (also known as Bekenstein-Hawking radiation) is a thermal radiation with a black
body spectrum predicted to be emitted by black holes due to quantum effects. The Hawking radiation process
reduces the mass of the black hole and is therefore also known as black hole evaporation. Force exerted by hawking
radiation is defined as function of entropy of black hole emitting hawking radiation, density of black hole and
schwarzschild radius of blackhole .The above equation F= K p / rs S ( where F = Force exerted by hawking
radiation , K=proportionality constant , rs = schwarzschild radius of black hole,s = entropy of black hole , p =black
hole density) was developed based on quantum mechanical concepts . The above equation also describes outward
force is exerted by hawking radiation to overcome the gravitational force of attraction of black hole. [Academia
Arena, 2010;2(3):1-4] (ISSN 1553-992X).

Keywords: force, density, entropy

Introduction

When particles escape as thermal radiation, the black hole loses a small amount of its energy and therefore of its
mass (mass and energy are related by Einstein's equation £ = mc?).The power emitted by a black hole in the form of
Hawking radiation can easily be estimated for the simplest case of a nonrotating, non-charged Schwarzschild black
hole of mass ‘M’ .Hawking radiation consist of photons, neutrinos, and to a lesser extent all sorts of massive
particles.By the application of quantum mechanical concepts we can derive an equation for force is exerted by
hawking radiation to overcome the gravitational force of attraction of black hole .

DERIVATION:

FORCE EXERTED BY HAWKING RADIATION EMITTED BY BLACK HOLE

When quantum mechanical effects are taken into account one finds that Blackhole emit thermal radiation (hawking
radiation) at a temperature(hawking radiation temperature) is given by

T=hc"3/2 ©t (8 ® GMKk) where h=planck’sconstant, G=universal gravitational constant

M= Mass blackhole, k=Boltzmann constant, c=speed of light in vaccum /air

http:/www.sciencepub.net/academia 1 editor@sciencepub.net
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Schwarzschild radius of black hole can be given by rs =2GM/c”2
Thus T=he”3/2 ©t (8 1 GMK) becomes T=hc .c*2/8 2k 2GM i.e T=hc /8 t"2Kk rs
KT=hc/8 a"2rs

According to Boltzmann’s law: Energy of emitted thermal radiation by black hole is directly proportional to it’s
temperature given by E=KT where k= Boltzmann constant

Then the equation KT=hc¢/8 n*2rs becomes E=hc¢/8 n”2rs

Emitted thermal radiation by black hole will exert outward force to overcome the gravitational force of attraction of
black hole. Hence energy of emitted thermal radiation can alsobe given by E=F A where E= energy of emitted
thermal radiation,F =force exerted by radiation, A=wavelength of emitted radiation.

(Proof for E=F A is shown at the end of derivation)
Thus E=hc/8 a*2rs becomes F A=hc/8 nt/2rs

Debroglie wavelength assosiated with the emitted hawking radiation can be given by A=h/mc

Where m= mass of emitted hawking radiation

Note: radiation travels at speed of light i.e ¢ (3*10"8m/s)

Thus F h/me=hc¢/8 nt*2rs hence F=mc”2/8 nt/2rs is obtained.

The rate of energy flow from black hole is given by P=e ¢ T"4 A.

Where P=rate of energy flow at temerature T , e=emissivity power(for black hole e=1)
A=surface area of black body. i.e P= 6 T"4 A is obtained.

According to Stefan ‘s law :Energy of emitted radiation from blackhole is directly proportional to fourth power of
it’s temperature E =6 T"4 .where o=stefan’s constant.

Energy of emitted hawking radiation can be given byE=mc”2 ,where m=mass of emitted hawking radiation
By equivalence of stefan’s law and einstein’s mass energy equivalence law we get

mc”2= ¢ T"4 then the equation P=6 T*4 A becomes P= mc"2A.

then P= mc”2A i.e P/A=mc"2

Then the equation F=mc”2/8 n”2rs becomes F=P/8 a*2rs A
where A=surface area of black hole emitting hawking radiation.

Entropy of black hole emitting hawking radiation is given by S=KA/41p*2

Where lp = planck’s length ,S= entropy of black hole emitting hawking radiation

By rearranging the above equation we get A=4SIp*2/K

i.e F=P/8 a*2rs A becomes F=PK/8 ©"2rs 4SIp”2 i.e F=PK/32 nt"2rs Slp"2 .

http:/www.sciencepub.net/academia 2 editor@sciencepub.net
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Rate of rate of energy flow by blackhole is given by P= phG/180 ©

where p=black hole density,G= universal gravitational constant.

then the equation F=PK/32 nt*2rs Slp”2 becomes F= phGK/180 (32 & *2 rs Slp*2)

Planck’s length is given by Ip*2=Gh/2 mc"3.

Then F= phGK/180 7(32 7w 2 rs Slp”2 ) becomes F= phGK2 7c*3/5760 &= ~3 rs Gh S

F=pKc"3/2880 T *2 rs S

As K’ =KC"3/2880 m 2 ,where K’= proportionality constant

Thus equation F = K’p /rs S is obtained. Where p=black hole density, rs =Schwarzschild radius of black hole,

F=force exerted by hawking radiation, S= entropy of black hole

PROOF FOR THE EQUATION E=F 4

Determination of the Photon Force and Pressure

Reissig, Sergej

The 35th Meeting of the Division of Atomic,
Molecular and Optical Physics, May 25-29, 2004,
Tuscon, AZ. MEETING ID: DAMOPO04, abstract
#D1.102

In [1] the formula for the practical determination of the
power of a light particle was derived: P =hf*2 (W) (1).
For the praxis it is very usefully to define the forces
and pressure of the electromagnetic or high
temperature heat radiation. The use of the impulse
equation F = fracdPdt = fracd(mc)dt (2) together with
the Einstein formula for E = mc”2 leads to the
following relationship: F = fraclcfracd(me”2 )dt =
fraclcfracdEdt (3) In [1] was shown: - fracdEdt = P
(4). With the use the eq. (1), (3), (4) the force value
could be finally determinated: | F | = frachf*2 c or | F |
= frachcA "2 = fracEX [N]. The pressure of the photon
could be calculated with using of the force value and
effective area: p = fracFA [Pa]. References 1. About
the calculation of the photon power. S. Reissig, APS
four corners meeting, Arizona, 2003 -
www.eps.org/aps/meet/4CF03/baps/abs/S150020.html

http:/www.sciencepub.net/academia

Note: Emitted hawking radiation also possess
wavelength and energy during it’s motion then it also
exerts outward force to overcome the gravitational
force of attraction of black hole.

Then the above equation E=F 1 can be applied to
emitted hawking radiation also.

Result:

1) Force exerted by hawking radiation emitted by
black hole as a function of black hole density,
Schwarzschild radius of black hole, entropy of
black hole emiting thermal radiation is given by F
=K’ p/rsS

Discussions: Normally, a black hole is considered to
draw all matter and energy in the surrounding region
into it, as a result of the intense gravitational fields.
Because Hawking radiation allows black holes to lose
mass, black holes that lose more matter than they gain
through other means are expected to dissipate, shrink,
and ultimately vanish. Smaller micro black holes
(MBHs) are predicted to be larger net emitters of
radiation than larger black holes, and to shrink and
dissipate faster. In order to overcome the gravitational
force of attraction of black hole hawking radiation

editor@sciencepub.net
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should posses outward force such that particles of
thermal radiation are emitted from black hole.

Conclusion: According to the general theory of
relativity, a black hole is a region of space from which
nothing, including light, can escape. It is the result of
the deformation of spacetime caused by a very compact
mass. Around a black hole there is an undetectable
surface which marks the point of no return, called an
event horizon. It is called "black" because it absorbs all
the light that comes towards it, reflecting nothing, just
like a perfect black body in thermodynamics. Force is
exerted by hawking radiation to overcome the

gravitational force of attraction of black hole. As F o
p /rs S if density of blackhole is more, then force
exerted by hawking radiation is more (F o p). As
schwarzschild radius of black hole is more, then force
exerted by hawking radiation is less (F o 1 /rs) .As
entropy of black hole is more, then force exerted by

hawking radiation is less (F oL 1/ S).
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ACUTE EFFECTS OF BRAIN STIMULATION IN SHORT-TERM
MEMORY OF YOUNG PERSONS

CARIELO AA 2% CALOMENI MR !, DIRE GF ?** GOMES ML * FERNANDES JFO *, FREIRE
RB ° BORBA HR °, ALMEIDA MWS?! BIANCHI CE !, SILVA VF1

YUniversidade Castelo Branco — LABNEU 11, Rio de Janeiro/RJ — Brazil.
2Universidade Estacio de Sa — Centro de Ciéncias da satde, Rio de Janeiro/RJ — Brazil.
®Projeto de pesquisa da escola de medicina da Unigranrio — Rio de Janeiro/ RJ — Brazil.

*Universidade Estadual da Zona Oeste, Colegiado de Ciéncias Bioldgicas e da Satde, Campo Grande, Rio
de Janeiro, Brazil.

®Instituto Federal de Educacéo, Ciéncia e Tecnologia do Rio de Janeiro, campus Maracand, Rio de
Janeiro, Brazil.

®Universidade Federal Rural do Rio de Janeiro, Departamento de Biologia Animal, Seropédica, Rio de
Janeiro, Brazil.

Correspondence: e-mail: anatomy.carielo@gmail.com

ABSTRACT: The inherent goal here was to verify the effects of brain stimulation via an instrumentation
frequency hearing and vision, aiming, immediate results (acute effect) on memory tasks associated with
short-term. The random sample included 20 individuals of both genders, aged between 18 and 25 years
(mean 21.8 years). The application for evaluation was to memorize in 10 seconds, a sequence of letters
submitted and requiring the faithful reproduction of this sequence, after 20 seconds. Two days later, this
providence, proceeded to brain stimulation by means of an electronic computer named Orion
manufactured by Mindplace (brain machine), using the auditory modality of stimulation for only 10
individuals, and the visual, for others ten. Next, we carried out a reassessment in the same manner as the
previous one. The pre-and post-stimulation were studied using three parametric Analysis of Variance
(One-way ANOVA) independent, and the first occurred on the basis of global data, regardless of the rules
and, second, by viewing the auditory modality, while the third, the visual. The results indicated a
significant difference in performance from the whole group joining the two modalities (visual + auditory),
compared to post-stimulation, F 7.467, df (1.38) = 0.009, p <0.05. Checking the effects isolated by
method of stimulation, the analysis revealed to be F 6.68, df (1.18) = 0.019, p <0.05 and F = 1.699, df
(1.18) = 0.209, p> 0.05 for the visual and auditory modalities, respectively. These results were interpreted
as restricting or promoting support for the benefits of acute brain stimulation on the function of short-term
memory, indicating further that the photic stimulation is more interactive than the auditory modality when
dealing with this benefit. [Academia Arena, 2010;2(3):5-14] (ISSN 1553-992X).

Key words: Brain, Memory, Young persons, Acute effects, photic, sound
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INTRODUCTION

Learning and memory processes are related and
inseparable. Learning corresponds to the
acquisition of new knowledge and consequent
behavior modification, while the memory can be
understood as the retention of this knowledge
(Maxwell et al., 2003, quoted in Cardoso
Machado, Silva, 2006). According to Sternberg
(2000), quoted Linassi, Soares, Mota (2005),
states that the basic operations of memory are
encoding, storage and retrieval. The coding is the
transformation of sensory input in a form of mental
representation that can be stored. Storage is the
storage of information encoded. According to
Squire & Kandel (2003) recovery refers to access
and use of information stored. All these processes
interact and are interdependent. The working
memory, according to Flavell et al., (1999), quoted
Linassi, Soares, Mota (2005), is responsible for
the temporary storing of information and has an
active role in information processing. The duration
of information in short-term memory is small and
the decay usually happens within a period of
approximately 15 to 25 seconds. The information
may be copied or can be downloaded from this
deposit to deposit, and long-term effectiveness of
memory tends to always depend on the type of
strategy used by the aide-memoire. Studies have
long ago by George Miller, using a procedure like
this determined that the deposit in the short term
can "hold" 7 items of information, plus or minus 2.
An item of information is "a piece" of information
as a letter, number, formula, or sentence. In other
words, anything that the brain stores as a unitary
representation. In this case it may, the brain,
register and hold more information in short-term
memory, if organized in a few pieces of high-level
information, such as group letters into words.

Developmental searches have revealed a number
of differences between young children and older
in terms of operability. One of them, and of critical
importance to ensuring a sufficiency in learning is
referred to the time of durability of a temporary
storage (Squire, Kandel, 2003).

If video games as an advisory stimulation may
benefit the performance of some mechanisms of
memory and the consequent and related
performance, which could be the result of
stimulation, the part on those same mechanisms?
Brain stimulation is not a new event, since many
years ago some researchers have managed to
identify the effects of electromagnetic loads in
individuals with diseases of various facets, in
which they included some kind of depression and
also neuroses (George et al., 2003).

Regarding the driving issues, Spiegel et al.
(2003), found a significant improvement in
ambulation of patients with parkinsonian brain
stimulation through sound and photic stimulation,
and these improvements were associated both
amplitude and frequency gait. Another line of
evidence, viewing the performance and not
specifically, processes, points to the brain
stimulation as a variant able to promote significant
changes in motor performance (Carter et al.,
2006, Marques et al., 2005, Lins, 2006, Silva et
al., 2008), as well as for the development of
cognitive skills of reference (Marques et al.,
2005). This line, combined with stimulation
through auditory and noise sources, as described
by Marques et al. (2005), in order to produce
changes in cortical patterns (rhythms of the brain),
hoping for a improvement in its performance,
tasks of contractual, or special of the day-to-day
social human. Attempts changes are made by
selecting a specific frequency to the nature of the
individual involved in the research and
referentially you want to achieve. The training is
made operational by converging streams of light
to the retina, then to the olivary nucleus and then
to the thalamus, a structure that is responsible for
receiving and filtering external stimuli (Machado,
2004). Through the activation of the reticular
system, the frequency of operation is then sent to
the cortex, occurring, then grip cortical frequency
imposed (Brady, 2002).
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Thus, considerations about the importance of a
system of mental processing fast (fast and
accurate) can have on all levels of human
competence and the possibility that brain
stimulation may have a potential effect on it,
define need to conduct research that will
strengthen knowledge on the possible relationship
of interaction between mental processing and
brain stimulation. This paper characterizes an
effort toward this need.

MATERIALS AND METHODS

SAMPLE

The study sample was characterized on the
agenda for the 20 individuals of both genders, 9
males and 11 females, all of school age (N = 20).
As priority setting, they could not present any type
of visual disturbance, hearing, physical or mental.
Belonging to the same social class and the
institution, aiming to keep this one more
homogeneous as possible between them. These
school children aged between 14 and 21 years
were selected randomly, with no distinction made
in practice or not physical activities because we
believe that this type of control in this case would
be irrelevant. This study met the standards for the
conduct of human research, as directed by the
National Health Council, Resolution 196/96 and
approved by the Institutional Ethics Committee of
the Universidade Castelo Branco - UCB / RJ. All
participants were volunteers, having been
requested in all cases, the agreement of parents
or guardians for them.

PROCEDURES

The selection took place within a state institution
in the city of Campos, RJ. The protocol for data
collection was completed the following: young
people were examined in a room inside the
institution to which they belonged properly
equipped with temperature controlled by external
noise. Initially as a control for the research
subjects were usually held in that room where he

explained the type of work they would participate.
Then, in order to assess the capacity of short-term
memory of these were carried out individually,
each of which tests should be evaluated
memorize a sequence of letters from a common
deck that was presented and, for this task of
memorization, a total time of 10 seconds.
Immediately after, the assessed should repeat the
sequence was shown to them using this time a
maximum of 20 seconds. We recorded the total
time of execution and the maximum score of
mistakes and successes of each individual. After
a period of one day control experiment was
performed, the process of stimulation, which is
applied to groups composed of 4 individuals, and
for two of each group used to photic stimulation
and for the other two, the sound. Thus, all
components of the group were stimulated. We
used this stimulation to the electronic device
(computer) named Orion (brain machine),
manufactured by Mindplace, composed of dark
glasses with 4 LEDs on the inner surface of each
lens, a stereo headset and a PC where the
sessions pre-programmed. These, picked up,
according to the methodology, the appropriate
section of paragraph 12, which is intended for the
learning factor (stimulation to learning). The
duration of the session lasted 10 minutes. After
this stimulation the individuals were referred to
another room, also in ideal conditions, where they
repeated the first experimental procedure of
memorization of playing cards. It should be noted
that for this second data collection, the letters
were presented in a different manner to control
the collection. For the analysis of data obtained
was used as a tool for statistical analysis using
SPSS 10.0 for Windows, and the inferential
statistics procedure was defined a parametric
analysis (ANOVA), while the descriptive
references for analysis were the mean and
standard standard group, in comparison between
pre and post-stimulation. We adopted the margin
of error for the test of the principal value of alpha
<or = 0.05. The results are listed below.
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RESULTS

Table 1 presents both the number (N) of the
subjects of the group, as the values for the mean,
standard deviation, maximum and minimum
scores of correct memory test performed by the
group in control and experimental situations
without taking into account the type of stimulation
performed. It is also described the level of
significance found when comparing the two
moments, demonstrating that the existence of a
statistically significant difference between tasks
performed (time of testing).

According to Table 1, by considering the control
task (memory test before stimulation) compared to
the post-stimulation (experimental task) for the
group as a whole, the difference was statistically
significant, showing that stimulation influenced,
positively, the functions of memory, the group,
resulting in greater power to the task of
memorization. Stand out that this test has a
reference to the short-term memory. In this case,
the ANOVA performed resulted in F = 7.467, df
1.38 p 0.009 <0.05.

These data can be more easily interpreted in the
plot made in Figure 1 (below).

Figure 1. Plot of mean scores and standard
deviations of the group, the control and
experimental tasks, identifying a significant
increase in the number of correct answers in the
memory task compared to the experimental task
control.

By comparing the standard deviations before and
after stimulation, would be observed that it had a
differential effect "within the group,” indicating that

some individuals were more susceptible to
stimulation than others. These differences,
however, were not sufficient to cause a

heterogeneity that could compromise the test
inferential.

Table 2 shows the total N of individuals in the
group, at one time task, and the results of the
mean, standard deviations, minimum scores,
maximum and level of significance between
control and experimental time. Note that this table
only describes the data of individuals who
received photic  stimulation (light). The
significance of the comparison result shows that
there is a significant difference between the time
before and after stimulation on photic mode, and
the ANOVA performed resulted in F = 6.68, df
1,18, p 0.019, <0, 05.

Just as occurred with the standard deviation of the
group, considering the photic stimulation (light)
and noise (sound), together, photic stimulation
differently influenced the performance of
individuals in the group, increasing the
heterogeneity of those at the time of memorization
task post-stimulation. However, the group was
moderately more effective at this time, making a
differentiation result statistically significant, as
shown above. Probably this heterogeneity
possibly justify the absence of significant
interaction observed in the comparison made in
the form of sound stimulation (sound). That is,
since this did not influence considerably the
comparison between pre and post-photic
stimulation in the modality, should influence the
comparison of data before and after pacing mode
noise.

This possibility is addressed in the presentation of
relevant data, shown in Table 3 and Figure 3,
below.

Figure 2. Difference between the mean scores of
hits from the group in relation to pre and post-
photic stimulation. Note that this figure also
depicts the standard deviation for each time.

According to table 3, in which the scores before
and after stimulation performed in the auditory
modality trial, stimulation was passed resulting in
better performance of individuals who received
this type of stimulation, evidenced by higher
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scores on the task of memorization, after sound
stimulation. It should be noted, the same trend
observed in previous periods, in which the
heterogeneity of the group increases when the
experimental task (the post-stimulation). Since

As predicted this heterogeneity is reflected in the
inferential analysis, resulting in a not statistically
significant when comparing pre and post-
stimulation, and F = 1.699, df 1.18, p 0.209> 0.05.

this time, the standard deviation shown greater
good. In fact, nearly doubling compared to the
time of task control.

Table 1. Average of correct answers, SD - standard deviation scores of correct minimum and maximum
memory in the sequence of letters submitted to the group, task control and experimental.

Task Subjects Mean SD Minimum Maximum Significance
Control 20 3.1 1.02 1 5

0.009
Experimental 20 4.4 1.96 0 8

Table 2. Averages of correct answers, SD - standard deviation, scores of correct minimum and maximum
storage in the sequence of letters submitted to the group in control and experimental moments, with hit
rates far higher in the experimental time.

Task Subjects Mean SD Minimum Maximum Significance
Control 10 3.2 1.03 2 5

0.019
Experimental 10 5.0 1.94 2 8

Table 3. Average of correct answers, SD - standard deviations and scores of correct maximum and
minimum on memorization of the sequence of letters presented in the experimental and control groups.

Task Subjects Mean SD Minimum Maximum Significance
Control 10 3.0 1.05 1 5

0.209
Experimental 10 3.9 1.91 0 7
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Figure 3 represents the statistical equality of the scores of hits in the memory test compared to control
tasks, referring to the auditory stimulation, with their respective standard deviations.

Figure 3. Representation of the negligible difference between the scores of hits from the control group
and the group received only auditory stimuli.

Studying Table 3 and Figure 3, respectively, we see, in a first instance, the big difference in the standard
deviation of the group, when comparing the data for the task to control the experimental task. In a second
instance, we notice that although this is so, the group performance when the experimental task was
remarkably better, because it identifies a trend effect also of sound stimulation on individuals stimulated in
this mode.

Task control vs. experimental task

B Task control

B Experimental task J

OFRP NWHMOGUGO N
|

number of hits

Figure 1. Plot of mean scores and standard deviations of the group, the control and experimental tasks,
identifying a significant increase in the number of correct answers in the memory task compared to the
experimental task control.
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Task Control Task experimental X "Light"
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number of hits

® Task control

Experimental task J

Figure 2. Difference between the mean scores of hits from the group in relation to pre and post-photic
stimulation. Note that this figure also depicts the standard deviation for each time.

Task Control Task experimental X "Sound"

ORPNWMOON
!

niumher of hits

® Task control

= Experimental task

Figure 3. Representation of the negligible difference between the scores of hits from the control group

and the group received only auditory stimuli.

DISCUSSION

After the presentation of the results it is, from this
point is to highlight the relationship between
cause and effect that may have generated the
differences that were observed in the test scores
of memory, in a comparative way between the
time of testing before and after the stimulation
effected manipulated.
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The first comparison made between the time the
control test (control) and experimental (test after
stimulation), in which it was not considered
separately the effects of sound stimulation or
photic, the group of 20 subjects showed an
average success rate measured in 3.2 £ 1.03,
with the minimum score 1, maximum 5. As for the
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time trial, when the memory task was performed
after stimulation, the average was 4.4 + 1.94
items with the same minimum score 0 and
maximum of 8, noting that there is overall brain
stimulation caused a beneficial effect on the ability
of short-term memory. That is, the time control to
the experimental, there was an improvement of
43.5% average score on the memory test.
Viewing of this result from the perspective of an
inferential analysis, the result was significant
within ~ the  definiton of alpha <0.05.
Another approach of this study was about the
pacing would be more effective the results of this
sample for this group was divided into two
subgroups of 10 subjects (N = 10) receiving a
single photic stimuli and another that received
only auditory stimuli. Of interest was the statistical
comparison for each type of stimulation in pre and
post-stimulation.

In the group that was stimulated only by photic
stimuli (light, N = 10) was found as an average
score on the test, when the experimental task, the
value 5.0 + 1.94 compared to the average for the
same individuals at the time control that was 3.2 +
1.03. The difference represents an improvement
of about 56.6%.

It was observed that in the control task items
ranged between 2 and 5 items, whereas in the
experimental, these items ranged between 2 and
8 items, setting the percentage improvement
already reported. In the case of inferential
analysis, this difference was significant, with an
alpha value <0.05. This result, therefore, is
defined as supportive of the significant effects of
brain stimulation in the modality photic (light) on
memory function studied. For individuals who
received only auditory stimuli was found as the
average balance of the group, the experimental
task, a value of 3.9 + 1.91, whereas the control
task, the average scores of these individuals was
3, 0 £ 1.05. The statistical inference concerning
the these data revealed a non-significant result, p
=0.209,> 0.05.
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Interestingly, despite the lack of statistical
significance observed for the type of sound
stimulation, the Crescencia on items, checked the
task to control the experimental task, ie an
increase of 1 to 5, for 0 to 7 items, representing
an improvement of 75% in the number of items
stored, a fact that is associated with the data
obtained by Cardoso Machado, Silva (2006), who
found significant results in motor learning using
only auditory stimuli and proving the efficiency of
stimulation for this purpose.

According to Brady (2002) Apud Marques Ribeiro,
Borges, Guagliardi Jr (2005) it is possible to select
a particular frequency range in the protocols
already established for photic stimulation and
noise when you want to train an individual in
terms of performance, in this case, from memory.
Neurologically As theorized, the stimulation is
given by the bombing in the retina with strobe
light, which does effect the perception of the
frequency of that light, the olivary nucleus and
hence its receipt by the thalamus and the reticular
system in conjunction diffuse this frequency is
sent to the cortex in a few minutes, by imposition
of these agents is to accompany it. This induction
is benign, matching the hemispheres in the task of
processing stimuli.

The data from this study, confirms the author
guoted above, but the effects seemed to be not
only these, as we shall see below. Due to the fact
that the short-term memory, to be effective in
tasks of memory you need, also, the effectiveness
of a "temporary storage" effective. That is, so we
can remember a series of items, it is necessary
that we keep these are, for a period until the recall
is charged. When temporary storage is not
effective, some items may be lost (fragility of
perceptual trace), resulting in an impaired ability
to remember (Hasse, Lacerda, 2004).

Taking as reference the pre-and post-stimulation
recorded from tests in this study, the improvement
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in scores in the post-stimulation, may well be
directly related to the mechanisms of memory
associated with this temporary custody. This
deduction, however is only an assumption,
considering that the experimental manipulation,
here committed, was not addressed in this type of
test.

The fact of photic stimulation to show in this
research, more efficient in relation to auditory
stimulation should be considered for future
analysis. Accepting that the cognitive tasks are
performed in a subsystem of the short-term
memory (or working memory), the speed with
which these can be run as the deciding factor in
performance (Vernon, 1983a, 1983b, apud
Ribeiro, Almeida, 2005). It is expected that the
more quickly they recovered and processed the
relevant information to solve a problem, the
greater the probability threshold of system
capacity is not exceeded. Similarly, in the
absence of test information in working memory is
subject to a rapid decline or disappearance.
Hence, a situation of slow processing, the
previously encoded information can be recovered
or lost, or the maintenance can be done at the
expense of overloading the system, so it is unable
to perform the processes needed to solve a
problem (Ribeiro, Almeida, 2005).

CONCLUSION

According to the results discussed above, we can
speculate that the brain stimulation as a whole
was effective in improving short-term memory of
individuals studied here.

The examination in this study on the processing
speed, in reference to short-term memory,
showed a beneficial effect of brain stimulation, via
light and sound. This knowledge can be used to
improve the functions decaying by aging and to
improve the functions of the body or specific
common tasks of life, since, Andrade, Belmonte,
Viana (2007) reports that it is genetically
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predisposed, but it is possible to improve it
(memory) through training, and this improvement
can reach 15%.
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Abstract: From past several centuries many scientists are struggling hard to understand the truth of ultimate fate
of our mother earth . Most of the assumptions and predictions regarding the ultimate fate of our mother earth have
been proved to be wrong .1 have made an attempt to figure out the ultimate fate of our mother earth through a
mathematically derived equation i.e R=¢/ H cosec 0 [ (p/ po )" 1/3 - 1] { where R=Radius of elliptical orbit in
which earth moves around the sun, ¢= speed of light in vaccum (3*10~8m/s), H=present Hubble constant ( which is
the function of time), p, = present mass density of universe , p= later mass density of universe which vary with
respect to time ‘t’. @ =angle between concepts d: and d respectively}.The above expression was developed based on
cosmological, astronomical and mathematical concepts.The above paper also describes about the variation of
radius of earth’s elliptical orbit around the sun with mass density of infinite universe. [Academia Arena,
2010;2(3):32-40] (ISSN 1553-992X).

Keywords: Angle, Density, Radius

Introduction : The Universe comprises everything we perceive to physically exist, the entirety of space and time,
all forms of matter and energy, and the physical laws and constants that govern them . It is believed that earth is
only a part of our universe and only place in the Universe in which life is known to exist . As the result of our
universe expansion distant galaxies are moving away from the earth. Moreover there is variation of mass density
of infinite universe with respect to time due to the cause of expansion. Hence there is change in radius of earth’s
elliptical orbit around the sun with mass density of infinite universe. Every beginning of nature’s creation has an
end. Earth is created by law of nature and it will be destroyed by the nature itself. When the mass density of
infinite universe remains constanti.ep/po=1 (p = po ) ,then the value of radius of earth’s elliptical orbit around
the sun will become 0 i.e R=0. The ultimate fate of earth depends totally upon the mass density of universe.The
ratio p/po also varies with the value of 0.
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Derivation:

Figurel: Parallax method

D=distant galaxy

S=sun.(center of the solar system).

R=Radius of elliptical orbit in which earth moves around the sun.

A and B are the position of earth at different instants of time respectively.
di=distance between sun and distant galaxy.

d=distance between earth and distant galaxy.

0 =angle between d1 and d respectively.

From triangle SDB, tan =R/ d1 i.e di=R /tan ©

By appyling law of Pythogarous theorm to triangle SDB we get BDA2=DS/"2+ SBA2
BD=d,DS=d;, SB=R ie dA2=di"2+RA2 (Asd:=R /tan® )

Then the equation d A2=di"2+ R A2 becomes d~"2=RA2 /tan"20 +R "2
d A2=R"2(1/tan™20 +1) ,as(1/tan™20 + 1=cosec”20 )

The equation d A2=R72(1 /tan?20 +1) becomes d ~2=R A2 cosec’2 0
i.e d=R cosec 0 is obtained.

According to Hubble law: Greater the distance of distant galaxy from the earth(observer on earth) ,greater is the
velocity with which distant galaxy moving away from the earth (observer on earth)

Hence mathematically represented by the equation v=Hd

where H=present Hubble constant ( which is the function of time) .

v= velocity with which distant galaxy moving away from the earth (observor on earth) .

d= distance of distant galaxy from the earth.

As d =R cosec 0 then the equation v=H d becomes v=H R cosec 0 is obtained .

Let us divide the above equation v=H R cosec © by c

where c= speed of light in vaccum (3*1028 m/s)

Then we get v/c=H R cosec 0 /c is obtained.

If a source of the light is moving away from an observer, then red shift (z > 0) occurs; if the source moves towards
the observer, then blue shift (z < 0) occurs. This is true for all electromagnetic waves and is explained by the
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Doppler effect. Consequently, this type of red shift is called the Doppler red shift. If the source moves away from
the observer with velocity v, which is much less than the speed of light (v << c), the red shift is given

v

e

€ (Since == 1)
where c is the speed of light in vaccum.
i.e v/c=Z (where Z=Red shift)i.e Z=HR cosec 0 /c is obtained
Another application of the z parameter is to imply the scale factor R of the universe at the time that light
was emitted from a given observed galaxy The z parameter is related to R by the expression
1+Z=A\ observed / A emitted = Rg/R = 1/R.
Since the present scale factor of universe is taken as Ry =1 .
The z parameter can also be used to assess the mass density compared to them mass density po at the
present time. p =po/ RM3, we know mass density of universe vary with respect to time
where po = present mass density of universe.
p= later mass density of universe which vary with respect to time ‘t’ .
As 1+Z = 1/R,
Cubing of equation 1+Z = 1/R we get ( 1+Z)*3 = 1/R"3.
The equation p= po/ R*"3 becomesp/ po=1/R"3 i.ep/ po=(1+Z)*3 is obtained.
(p/ Po)*1/3=(1+4Z), As( Z=HR cosecB /c ).
Equation (p/ po)*1/3 =(1+Z) becomes (p/ po) *1/3 =(1+ HR cosec O /c)
(p/ po)*1/3*c=(c+HR cosecB).
HRcosecO= (p/ po)*1/3c-c .
HR cosecO=c[(p/ po)™1/3 -1]) i.e R=c/HcosecO[(p/ po)*1/3 -1].
Where R=Radius of elliptical orbit in which earth moves around the sun.
c= speed of light in vaccum (3*1028m/s)
H=present Hubble constant ( which is the function of time)
Po = present mass density of universe.
p= later mass density of universe which vary with respect to time ‘t’.
0 =angle between diand d respectively .
By taking the the ratio (p / po ) =1 Hence Mass density of universe remains constant .
then R= ¢/ Hcosec O [ (1) 1/3 -1].
R=c/HcosecO[1 -1].
Since (1)21/3 =1 (cuberootoflisl).i.eR= ¢/ HcosecO[0] thenR=0.
Hence Radius of elliptical orbit in which earth moves around the sun is zero i.e R=0.

As R= 0(distance between the earth and the sun is zero) .

Proof for the equation p = po/ R*3

Please refer Doppler Red shift ( Google search )

At such large values of z, the redshift is mainly the cosmological redshift, and not a valid measure of the actual
recessional velocity of the object with ...
hyperphysics.phy-astr.gsu.edu/Hbase/astro/redshf.html - Cached - Similar
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Result :
When (p / po) =1i.e ( Mass density of universe remains constant ), then there is no distance between sun and
earth .Thus our mother earth will come into an end( Earth and sun are close to each other).

Discussion and Conclusion : As we know our infinite universe is growing and expanding. Hence we can observe
variation of mass density of universe with respect to time *t’. Many questions like Does the universe expands forever
or contracts ....... come into our mind, when we think about our universe But the answer will again become a
question itself. If the mass density of universe remains constant( mass density does not vary with time) then R=0i.e
there is no distance between sun and earth. If the collapse of earth towards the sun happens we are just a human
being in front of nature who can do nothing but simply watch like a movie in an astonished way. Creation of earth
took billions of years but destruction of earth will take only few seconds .There after deep silence remain in our
universe . The value of p/ po vary with the value of ©.

For example : if 0= 0 degree then HRcosec 8 /c+1= (p/ po) "1/3 i.e (p/ po) ™1/3 =infinityi.e Z=infinity

If ©=90 degree then HR /c+1= (p/ po)*1/3 i.e Z=HR/c ( Z=red shift) .

Additional information:

Does energy and impulse are interconvertable

Consider a photon of relativistic mass ‘m’ moving with speed ‘¢’ is associated with the wavelength ‘A’ is given by
the relation A=h/mc¢, Where h=planck’s constant (6.625*10"-34 JS).

According to wave theory, speed of the photon wave is given by ¢ = A /T, where T= time period.
By substitution of value of ‘¢’ in the equation A = h/me, we get the expression m A*2 = hT.
According to wave theory, as frequency of photon wave is given by f=1/T.

Then the equation m A* 2 = hT becomes f=h/mA*2

De Broglie wavelength associated with the photon is given by A= h/p,

thus the equation f=h/mA*2 becomes f=p/mA.

Angular frequency associated with the photon is given by =2 =f.

By putting the value of f=p/mA. in the above equation we get @= 2 mtp/mA.

The above equation w= 2 mtp/mA. can be applied to both photons and material particles like electron in motion.
Debroglie wavelength associated with the electron is given by A=h/mv

Where v=velocity of electron in motion

Then the equation @= 2 tp/mA becomes w= 2 tpmv/mh i.e @= 2 wpv/h.
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Part: 2

Consider a electron of mass “m.” at rest, total energy associated with the electron is given by “me ¢”2”. Suppose
radiation of energy hf is incident on this electron at rest. Part of energy hf” is absorbed by electron and part of
energy hf is scattered by electron . Absorbed energy hf” is converted to motion of electron, hence electron travels a
distance ‘x’ in time “t’. let © be the scattering angle.

Figure :1 —schematic diagram of scattering of energy of photon by electron

x= Linear displacement of electron

hf = Energy of incident radiation

hf> = Energy of scattered radiation

0 = scattering angle

Consider a parallelogram ABCD constructed as shown in the figure 1.

Let AB=CD=x, AD=BC=hf, AC=hf’(opposite sides in parallelogram are equal)

Law of cosine is given by a”2=b”2+c”2-2bc cos 0. Let a = X, b=hf, c=hf’, cos A = cos0.
By applying the law of cosine to the triangle ADC, we get

XA2=(hf)*2+(hf*)2-2(hf)(hf’) cos 6 = 1

By law of conservation of momentum of photon.

- - - - o> -
Weget p= p+ pwhere P, P, P be the momentum of incident, absorbed and scattered photon respectively.
y ytoy y yy

Let us assume absorbed momentum of photon = momentem of electron

ie. B = B
e
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- - - -
Thus p= p+ P where P =momentum of electron
y y'

- - -
P = p— P Squaring on the both sides we get
y v

- -
pAD= p— p |"2, as (a-b)*2=a"2+b"2-2ab
y oy

- -

Thus the above equation becomes p A2=py*2+py *2-2 | Py. Py

According to dot product rule | go B [= |a||b|cos@

Then we get p~2=py "2+ py' * 2-2| py | | py | cos ©

Let us multiply the above equation by ¢ ~ 2we get

Where ¢ = speed of light in vaccum (3* 10 ~ 8 m/s)

P A2 ¢ "2 =py”2c"2+py c"2-2| py || py |c*2 cos O

As we know frequency of photon is directly proportional to it’s momentum

i.e hf = pc thus the below equation is obtained

p 2 ¢ * 2==(hf)*2+(hf)2-2(hf)(hf’)cos 0 = 2

By comparisonof 1and 2 we getx ~ 2=p *2 ¢ 2

i.e x = pc (position of electron is defined as the function of it’s momentum)

As told earlier position of electron is defined as a function of it’s momentum i.e x = pc
Small change in momentum of electron causes small change in it’s position i.e. dx = dpc hence,

dp = dx/c

Newton second law of motion is mathematically represented by equation F=dp/dt
Where F = force exerted by photon
dp = Small change in momentum of electron with respect to time
As dp = dx/c then the above equation becomes F= dx/dtc.
as velocity of electron is defined as v = dx/dt.

Then F =v/c is obtained

37
http:/www.sciencepub.net/academia editor@sciencepub.net




Academia Arena

Force exerted by photon is defined as function of velocity of electron

As impulse exerted by photon is mathematically given by I =F dt.

then the equation F= dx/dtc becomes Fdt = dx/c

i.e I =dx/c

Impulse exerted by photon is defined as function of change in position of electron

At point A and B mass of electron is me i.e total energy associated with electron is mec”2.

(As electron is at rest at point A and B)

But in between point A and B mass of electron is mc¢”2 (since electron is in motion in between point A and B )
Hence Total energy of electron in motion is mathematically given by E= mec”2+hf’

(As absorbed energy adds up to rest mass energy ) where E= total energy of electron in motion

hf’=absorbed energy of photon

mec”2=rest mass energy of electron

As x=pc (position of electron is defined as the function of its momentum)

As absorbed momentum of photon equals the momentum of electron i.e py»=p then x= pyc

pyc=hf’then x=hf’ then the equation E= mec”2+hf> becomes equation E= mec”2+x=3

According to Einstein equation E= mec”2+Ex=4

By camparison of 3and 4 we get Ex= x i.e kinetic energy of electron = position of electron .

mc”2=mec”2+x , let us multiply the equation by ¢”2 then we get m = me +x/c*2 .

Thus m approaches me by the factor x/c*2 i.e relativistic variation of mass of electron with respect to its position
Small change in kinetic energy of electron causes small change in its position i.e d Ex=dx i.e I=dx/c

i.eI=d Ev/ci.e d Ex=Ic

According to Work energy theorm

Work done on particle equals change in kinetic energy of particle i.e W=d Ex i.e W=1I¢c

Work done on particle involves storage of energy in particle i.e W=E.where E.= Energy stored in particle.
E. =Ic ,energy stored in particle is defined as a function of impulse applied on the particle

Thus Eaal (as ¢ is constant ) i.e Impulse and energy are interconvertable.

Result: Energy is in direct measure of impulse applied is given by relation Ea =Ic.

Relativistic variation of mass of particle with respect to its position is given by the relation m = me +x/¢*2

For example: Foot ballplayer applies a very large force on football in very short time ( very large force applied on
foot ball in short time is impulse) thus foot bal | player loses some energy in the form of impulse applied by the
player.Foot ball gains energy in the form of impulse applied on it .Thus impulse and energy are interconvertable
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2) Proof for Einstein predicted formula E=tc
As x = pc (position of electron is defined as the function of its momentum)

As momentum of electron can be given by p= m v then the equation x = pc becomes x=(m v)c i.e x/v=mc
According to Newton v=x/t i.e Equation x/v=mc becomes t= mc ( m= relativistic mass of electron)
According to Einstein E=mc”~2 hence E=(mc)c becomes E=t ¢

Energy= time * speed of light in vaccum

Acknowlegement:

I would like to express my deep gratitude to all those who gave me the possibility to complete this thesis. My
sincere thanks to the Lord Ganesha, Editor of “Nature and science” journal, my physics teachers, & parents.

Correspondance to:

Manjunath. R.(Reader in physics)
#16,8" Main road,

Shivanagar, Rajajinagar,
Bangalore-560010

Karnataka, India

Contact: res -080-65960971

mob: 91-9008487836
manjunath5496@gmail.com

manjunathr1988@yahoo.in

References:

1) Doppler red shift (hyperphysics.phy-astr.gsu.edu/Hbase/astro/redshf.html - Cached - Similar)i.e Google search.
2) Hubble law From (Wikipedia, the free encyclopedia).

3) Red shift (From Wikipedia, the free encyclopedia).

4) Parallax (From Wikipedia, the free encyclopedia).

5) Pythogarous theorm (From Wikipedia,the free encyclopedia).

39
http:/www.sciencepub.net/academia editor@sciencepub.net




Academia Arena

6) Universe (From the free Wikipedia encyclopedia).
7) Trignometry (From the free Wikipedia encyclopedia).

8) Gravitation (From the free Wikipedia encyclopedia).

Date of submission: 26.1.2010

40
editor@sciencepub.net

http:/www.sciencepub.net/academia




Academia Arena

2010:2(3)

SORBENT CAPACITIES AND INTENSITIES OF
THERMOCHEMICALLY CRACKED SHEA NUT SHELLS FOR

THE REMOVAL OF WASTE WATER DYESTUFF

Itodo A. U.! and Itodo H. U. >

'Department of Applied Chemistry, Kebbi State University of Science and Technology, Aliero, Nigeria

’Department of Chemistry, Benue State University, Makurdi, Nigeria

itodoson2002@yahoo.com

Abstract: The sorbent capacities and intensities of activated carbon by one-way thermochemical pyrolysis of shea
nut shells were studied on waste water dye removal and the results are presented in this paper. The relationship
between the ordinary (k¢), maximum (q,,) ,and theoretical saturation capacities (qp ) were also investigated to follow
the order ; q, > qp > k. H3PO, catalyzed sorbent at a longer activation dwell time, SS/A/15 presented a higher
adsorption capacities (q,=6.024 mgg",qp=4.189 mgg™" and k = 0.628 ) and higher sorption intensity (1/n =0.714)
,than the other 3 series.The high % dye removal (%RE up to 84.80%), adsorption normalcy (1/n <1 and R;<1) and
good applicability (R?>0.869) are critical for considering shea nut shells as precursor for generating low cost active
biosorbents. [Academia Arena 2010;2(3):41-50]. (ISSN 1553-992X).

Keywords: Adsorption capacities, intensities, Dye, Shea nut shells, waste water

1. INTRODUCTION

Textile, just like plastic and paint industries is known
to utilize a great deal of water and thus releases large
quantities of waste water from different stages in the
dyeing process (Hameed and Hakimi,2008) some
stages requiring water utilization includes scouring
and rinsing, bleaching, dyeing and printing (USEPA,
1991). Effluent derived from the textile and dyestuff
activities can provoke serious environmental damage
on neighboring water receptor bodies and the ever
increasing populace. The main threat is the toxin,
chlorolignin and dark coloration (Hameed, 2009)

Various treatment technologies have been developed
for purification of waste water. The most commonly

used methods includes chemical precipitation,

solvent extraction, oxidation reduction, electro

dialysis, electrolyte extraction, reverse osmoses, ion
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exchange, evaporation concentration adsorption,
filtration etc. Among these methods, adsorption has
evolved as the optimum choice (Mohan and Signh,
2001). Activated carbon includes wide range of
amorphous carbon based material prepared to exhibit
a high degree of porosity and an extended inter-
particulate surface area (Zahangir et al., 2008). These
qualities impart activated carbon with excellent
adsorbent characteristics that make it useful for

filtration, purification, deodorization, decolorization

and separation (Zahangir et al., 2008).

Adsorption on activated carbon has long been
recognized to be one of the most effective methods
for removal of organic compounds, including

dyestuff from aqueous solutions. Agriculture waste
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such as oil palm nut shells, rice husks, olive waste
cakes, coconut shells and guava seeds have be
reportedly used (Rahman et al., 1997 Rahman et al .,
2000; Rahman et al 2002 ) .wastes of animal origin
such as human hair, cow biosolids, poultry litter,
blood, Fish, etc.
al.,2008).

were also reported (Itodo et

Adsorption isotherms can be generated based on
numerous theoretical explanations. The simplest
model that can be used to describe monolayer
adsorption is the Langmuir equation (Meghea et al.,
1998). The Langmuir equation is based on kinetic
approach and assumes a uniform surface, a single
layer of adsorbed material and constant temperature.
This model is useful when there is a strong specific
interaction between the surface and the adsorbate so
that a single adsorbed layers forms and no indication
of formation of multilayer adsorption. The driving
force is the concentration of adsorbate in the fluid
and the area or amount of bare surface (Chilton et al.,
2002). Hameed, 2009 presented a linearized form of

the Langmuir equation as ;
1/qe =1/keQmCe +1/qm ---  -------- ---- (1)

Where q, (mgg') and k, (L/mg) are

Langmuir constant related to the maximum
adsorption capacity and energy of adsorption
respectively. These constants are calculated from the

plot of 1/q. verses 1/C, (Hameed,2009).

Mattson and mark (1971): in Chilton et al.,
2002 described Freundlich model as the most popular
adsorption model for a single solute system. This
model is an empirical equation based on the
distribution of solute between the solid phase and the
aqueous phase at equilibrium. The bases of the

Freundlich equation is given as equation (2)
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x/m = kC, ' )

where, for the purpose of this research, x is
the amount of dye adsorbed (mg), m is the weight of
sorbent or sorbent dose (g) , x/m = ¢, is the amount of
dye adsorbed by a unit mass of sorbent, C, (mgl™) is
the equilibrium concentration of dye in solution while
k and n are empirical constant equation 2 can further

be rearranged as equation 3
log q. = log k¢ + (1/n) log Cg -------- (3)

this empirical equation has no bases in theory but
made two assumptions which are (i) it assume
heterogeneous surface energies (Hameed et al., 2006)
that is, exponential variation in site energies (ii) it
assumed that surface adsorption is not the rate
limiting step. (Chilton et al., 2002). k; (mgg™'(1mg™)"
is the Freundlich constant implying the adsorption
capacity (Hameed et al, 2006) one most important
parameters in equation (3) above is the 1/n value. 1/n
ranging between 0 and 1 is the measure of the
adsorption intensity or surface heterogeneity. surface
becomes more heterogeneous as 1/n gets closer to
zero. It describe adsorption as either normal (1/n <I)
or as a cooperate adsorption (1/n >1) (Hameed et al.,
2006). Chilton et al., 2002 argued that large values
for 1/n indicate a larger change in effectiveness over
different equilibrium concentrations and that when
I/n > 1.0 the change in adsorbed concentration is
greater than the change in solute concentration.
Generally the higher the q. value at a specified
concentration, the more preferred is the biosorbent
for that application (Chilton et al., 2002).Chen et al
.,(1997) added that adsorption isotherms expressed as
Freundlich isotherm constant are a better measure of

the adsorption properties of biosorbent than the one —
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point tests , such as iodine, molasses or tannin

numbers (chen et al ., 1997).

Other types of commercial dyes have been worked
upon. The removal of methylene blue and malachite
green by agro waste was reported by Guo et al.,
(2003), Garg et al., (2004), however, relatively little
or no work has been reported on the adsorption of
industrial dye from dyeing waste water onto
chemically catalyzed shear butter shells. In this
present work, we reported our evaluation on the
feasibility of using shea nut shell activated carbon,
studying its adsorption properties for removal of
industrial dyestuffs from waste water. This paper
therefore, presents three adsorption isotherms (R-D,
Langmuir and Freundlich isotherms) generated for
shea nut shells (sorbent) and dyeing waste water
(sorbate) system. The purpose of the study was to
evaluate their adsorption capacities which are
quantified as saturated (qp), maximum (q,) and
ordinary Freundlich (K;) adsorption capacities, with
the adsorption intensity (1/n) as it relates to the use of
shea nut shells bio adsorbent for industrial waste

water treatment.
2. Materials and Methods

Exhausted and deseeded shea nut shells, obtained
from Rikoto, zuru in Kebbi state, Nigeria was used as
raw material for the production of activated carbons

via thermochemical activation.

Industrial dyeing waste water was procured in plastic
container from Chellco textile industries, Kaduna
without further treatment. 1000 mgg™ concentration
brix was prepared from the dye waste water
concentrate from which working standard were

prepared.
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The apparatus and experimental methods in this
work are similar to those for chemical activated with
ZnCl, as reported previously by Tsai et al., 2001) for
thermochemical activation. Initial weight of the
grinded pretreated shear butter shell was measured
into crucibles and mixed with 3cm’® of 1M activating
agent (H;PO, and ZnCl,). The mixture was allowed
to stand for one hour and then fired in a furnace at
800° C for 5 minutes and 15 minutes series, (Alam et
al .,2007) the samples were both acid and water
washed to remove residual ash and chemicals
respectively (Itodo et al., 2008).This is followed by
oven drying at 110°C overnight and stored for
further analysis (Tsai et al, 2001)The generated
samples (biosorbents) were separately labeled as
SS/A/5, SS/A/15, SS/Z/5 and SS/Z/15 implying shea
nut shell, activated with either H;PO, (A) or Zncl,

(Z) at 5 minutes or 10 minutes dwell time.
2.1Adsorption Study

The adsorption capacities of biosorbent produced
form shea nut shells was measured under the effect of
contact time, nature of activating agent and initial dye
concentration. A concentrate which was obtained
from mild temperature evaporation of the dye waste
water in an oven to a constant weight was used to
prepare a 1000mgl™ stock from which 10- 50 mgl’
working dye standard solutions were prepared. 10
cm’ of each dye sample was interacted with 0.1g of
biosorbent and allowed to equilibrate for one hour
(Turoti et al., 2007). The mixture was then filtered,
using a Wattman number 42 filter paper after which
the residual dye concentration (c.) in the filtrates
were measured using Jenway 1600
spectrophotometer at room temperature (300.15k)
which was set at a predetermined wavelength of 640

nm.
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The amount of dye absorbed and % dye removal
were calculated form the difference between the
initial concentration and equilibrium concentration as

shown in equation(4) and (5) respectively

qe:(co'ce) V/m (4)

% RE = (C,-C. /C,) x 100

Where . is the amount of dye adsorbed per unit mass
of adsorbate (mgg™).It is a measure of adsorption
capacity. C, and C, are the initial and equilibrium dye

concentration respectively (g) and v (L) is the

adsorbent dosage and volume of dye solution

respectively (Zahangir et al., 2008).
3.Results and Discussions
Figure (1) present the percent dye removal at

different initial dye concentration for one hour
equilibration time.

Figure 1:Percentage dye removal onto acid and salt
catalyzed shea nutshell activated carbons

100
w
:\5 50
0 I
10 50
B %RE for SS/A/5/Co 82.4 79.84 75.94 69.065 64.902
® %RE for SS/A/15/Co 84.8 80.65 78.197 79.138 74.172
B %RE for SS/Z/5/Co 59.6 54.03 44.36 45.32 33.144
B %RE for SS/Z/A5/Co 76.8 73.385 60.903 54.678 41.06
Co (mg/)

The % dye removal by the four sorbent series follows
the order, SS/A/15 > SS/A/5 > SS/Z/15 >SS/Z/15.
Results in this study revealed that biomass activated
at a longer dwell time (15 minutes) gave higher
percents dye uptake (74.172-84.800 %). ZnCl, is a
less favorable activating agent especially when

cracking or pyrolysis is done at short dwell time. This
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however could be linked to a lesser developed pore
size associated to short activation time and also due
to steric hindrance, which may results from the nature
of activating agent as well as activation time. Values
obtained for SS/Z/5 (33.144-59.600%) are lower
compared to the values (41.06-76.80%) of the same
sample (SS/Z/15) activated at longer time.
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Table 1: Freundlich adsorption experimental data of dye sorption by SS biosorbent.

Biosorbent Equation Linearity Ks positions

(y3) (R?) 1/n (mgg™(mg™)") R®__ 1n
SS/IA/I5/ 0.587x-0.190 0.974 0.587 0.646 Second Second
SS/Z,5 0.519x-0.506 0.918 0.519 0.312 Third Third
SS/A/15 0.714x-0.202 0.989 0.714 0.628 First First
SS/Z/15 0.392x-0.190 0.869 0.392 0.646 fourth fourth

SS/Z/5 — shea nut shells, treated with ZnCl,, activation for 5 minute dwell time.A-H;PO,, 15-activation dwell time

of 15 minutes

3.1. Freundlich Isotherm

The data in the above Table 1 were generated from
figure type represented as figure 2. The Table shows
that the modeling of data generated using Freundlich
isotherm gave a good linearity and applicability
(R*>0.869) for all the sorbent. The trend of best fit
follows the order; SS/A/15/C, (0.869) > SS/A/5/C,
(0.974)... The extent of applicability for this acid

modified sorbent is greater than those catalyzed by
salt... > SS/A/5/C, (0.918) > SS/Z/15/C, (0.869). It
was also conveniently justified that the ranking based
on the adsorption intensity (1/n) follows the same
trend as does, the applicability test displayed earlier.
Thus, the adsorption intensity of sorbent SS/Z/15
(0.392) is least among the series. 1/n <l is an

indication of normal adsorption (Hameed, 2009).

Figure 2:Freundlich isotherm for dye sorption
by SS/A/5 sorbent
0.6 -
% y=0.587x-0.19
4 - RZ=0.974
0.4 .
&
<14} 0.2 B .'
o * SS/A/5
0 T T 1
» * o 1 1.5
-0.2 -
logCe
The degree of heterogeneity of adsorption surface surface  heterogeneity. Surface become more

was also measured from the 1/n values. According to
Hameed et al., (2006) the Freundlich equation slope

(1/n), ranging between 0 and 1 is a measure of
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heterogeneous as 1/n values get closer to zero
(Hameed et al.,2006). Based on this, Sorbents,

activated at longer dwell time, 15 minutes presented a
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more heterogeneous surface. This finding could be
linked to the nature of activating agent, since SS/Z/5

is next to SS/Z/15 in surface heterogeneity.

Ky, is the Freundlich constant which denote
or depicts the adsorption capacity, unit in mgg’
(1mg™")" of adsorbent. It is defined as the adsorption
or distribution coefficient and represents the quantity
of dye adsorbed onto the sorbent for the a unit
equilibrium concentration. Biomass, activated with
ZnCl, at a longer dwell time presented a higher

adsorption capacity, SS/Z/15 (0.646) as does the

sample with H;PO, at shorter dwell time SS/A/S
(0.646). 1t thus, follows that for acid and salt catalysis
in generation of high capacity biosorbent, biomass
require a shorter and longer activation dwell time

respectively.
3.2. Langmuir Isotherm

Good linearity and applicability of the Langmuir
model was evidenced by high R? values (< 0.979) for
all the samples as shown on figure 3 and presented on

table 2.

Figure 3:Langmuir isotherm for dye sorption
by SS/A/15 sorbent

The Langmuir constant, relating to the maximum
adsorption capacity (q,) was investigated. Sorbent,
SS/A/15 gave the highest value for maximum
adsorption capacity (6.124 mgg"). This is in
agreement with the highest adsorption capacity value
present by acidic sorbents from the Freundlich
constants (kf = 0.646). This work uncovered the fact

that the maximum adsorption capacity of any series
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(obtained from the Langmuir relationship) should be
higher than their corresponding adsorption capacities
values (k¢) from the Freundlich isotherm. This can be
recalled by comparing table 1 and 2 with q,, and (k¢)
values as; 5. 102 (0.646), 2.611 (0.312), 2.801(0.626)
and 6.024 (0.646) for sorbents SS/A/S5, SS/Z/5,
SS/A/15 and SS/Z/15 respectively.
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Table 2: Langmuir isotherm experimental data for dye uptake by SS biosorbent
Biosorbent Equation Linearity am(mgg™) Ka(Lmg™ R, position
(y=) (R?) Im
SS/IAJI5! 1.743x+0.196 0.989 5.102 0.112 0.152 second
SS/Z,5 5.348x+0.383 0.983 2.611 0.072 0.217 fourth
SS/A/15 1.562x+0.166 0.991 6.024 0.106 0.158 First
SS/Z/15 2.123x+0.357 0.979 2.801 0.168 0.106 third

SS/Z/5 — shea nut shells, treated with ZnCl,, activation for 5 minute dwell time.A-H;PO,, 15-activation dwell time

of 15 minutes

Table 2 also revealed the values of the Langmuir
constants, k, (Lmg') which directly affects the
energy of adsorption (Hameed, 2009). Sorbent with
high energy related value, k, on table 2 presented low
adsorption intensity as it was deduced from the
Freundlich constant on table 1. The K, and (k¢) values
include 0.168 (0.628) and 0.112 (0.646) for SS/A/15
and SS/A/5 respectively.

The feasibility of the adsorption process was

tested from the Ry magnitude given as equation 6 as;
Ry =1/ (14K, C,) === =mmmmm omev (6)

Where Ry is the essential of the Langmuir equation
used in testing adsorption feasibility. K, is the
Langmuir constant related to energy of adsorption
(Lmg") and C, is initial

the highest dye

concentration among the series of different sorbents

concentrations (Monika et al., 2009) adsorption could
be linear, unfavourable, favorable or irreversible
depending on whether the values of Ry = 1, >1, <1
and Ry = 0 respectively. (Monika et al., 2009). This
research presented values (0.106-0.257) which

justifies favorable adsorption (0 <Ry <1).
3.3. Rudishkevich Dubinin Isotherm

A third capacity parameter called theoretical
adsorption capacity (qp) was evaluated from the
Rudishkevich Dubinin isotherm model, simply
denoted as R-D model (figure 4) and known to be
more general than both the Langmuir isotherm as its
deviation is not based on ideal assumption such as
equipotential of sorption sites, absences of steric
hindrance between sorbed and incoming particles and

surface homogeneity (Monika et al., 2009).

=-3.150x + 0.384
RZ=0.984

& S5/Z2/15

Figure 4:R-D isotherm for dvye sorption by
SS/z/15 sorbent
0.4 -
>
Q-3 - .\\
0.2 -
s ., e
& S
O T T 1
01 O 0.05 0.1 M&
_0,2 1
log (1+ 1/Ce)
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Just like the Freundlich adsorption capacities (ky), it capacity (qu). Table 3 presented a higher qp values
was revealed that the theoretical adsorption capacity (4.169 mgg") for SS/A/15. This value is higher as
(qp) from the R-D isotherm were also lower in does its corresponding qy, value (6.024 mgg™) for the
magnitude than the Langmuir maximum adsorption same sorbent on Table 2.

Table (3): Rudishkevich Dubinin adsorption experimental data of dye sorption by SS biosorbent.

Biosorbent Equation Linearity ao(mgg™) positions

=) (R?) R’ o
SS/AJIS! -3.383x+0.539 0.988 3.622 first second
SS/Z,5 -5.808x+0.308 0.962 2.032 third fourth
SS/A/15 -3.300x+0.620 0.944 4.189 Fourth First
SS/Z/15 -3.150x+0.384 0.984 2.421 second third

SS/z/5 — shea nut shells, treated with ZnCl,, activation for 5 minute dwell time.A-H;PO,, 15-activation dwell time of
15 minutes

The other q, values were also higher than their capacities obtained from different isotherms and their
corresponding qp and k¢ evaluated for the entire quantitative trend in this analysis is as represented on
sorbent series. A summary of the 3 types of sorption Table 4.

Table 4: comparison of the normal; theoretical saturation and maximum adsorption capacities of dye uptake by SS

Biosorbent.

Biosorbent K¢{mgg(mg™" ao(mgg™) am(mgg™) Trend position
SS/A/I5/ 0.646 3.622 5.102 o> 9> K¢ second
SS/Z,5 0.312 2.032 2.611 I o> K¢ fourth
SS/IA/15 0.628 4.189 6.024 I o> K¢ First
SS/Z/15 0.646 2.421 2.801 I o> K¢ third

K= Freundlich normal adsorption capacity, qp = R-D theoretically saturation adsorption capacity, qy, - Langmuir
maximum adsorption capacities. SS/z/5 — shea nut shells, treated with ZnCl,, activation for 5 minute dwell time.A-
H;PO,, 15-activation dwell time of 15 minutes

Conclusion of the three models follows the trend; Langmuir (R*=
0.979-0.991) > R-D (R* = 0.944 — 0.988) >
Freundlich (0.869-0.989). Both capacities, the normal

Highlights of results presented in this works shows

that shea nut shell is a potentially low cost precursor

. . . . Freundlich, Langmuir maximum and R-D theoretical
for generation of activated biosorbent, giving up to " ’ g xmu

. . ti iti 11 th ti
84% dye removal. The isothermal evaluation gave adsorption capacities as well as the adsorption

. . . intensities also agrees well with those if similar
isotherm experimental data that agrees with those of &

. . . research. A critical comparative study showed that
researches reviewed earlier. To this regards, P Y

adsorption falls within favorable limits as confirmed for all the series of the adsorption study, the values of

from the Freundlich constants (I/n <1) and the the maximum saturation capacity (qm) > theoretical

adsorption capacities > normal adsorption capacity

(kg). The three values for SS/A/15 include 6.024mgg’

essentials of Langmuir model (R <1). Applicability
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! 4.189mgg™” and 0.628 mgg™' respectively. The same

trend is applicable to the other biosorbent series.

Acknowledgements:

Authors are grateful to the Chellco Textiles,
Nasarawa, Kaduna for the free supply of adsorbate
(Dye), Malam Ahmed Bodinga of Agric Laboratory
of Usmanu Danfodiyo University,Sokoto, Nigeria for
his contribution

Corresponding Author:

Dr. Itodo Udoji Adams

Department of Applied Chemistry,

Kebbi state University of Science and Technology,
P.M.B 1144, Aliero, Kebbi state

Nigeria.

E-mail: itodoson2002@yahoo.com

TEL: +2348073812726, +2348039503463

References

[1] Alam MZ, Muyibi SA, Mariatul FM, Radziah W.
Activated carbon derived from oil palm empty fruit
bunches. Journal of environmental science. 2007;30:
315 -321

[2] Chen SH, Clayton W. Application of Elovic
equation to the kinetics of phosphate release and

adsorption on soil. J. soil Sc. Soc. Am. 1980; 44
(1): 265-268.

[3] Chilton N, Jack N, Losso N, Wayne E, Marshall
R. Freundlich adsorption isotherm of Agricultural by
product based powered Activated carbon in Geosmin
water system. Bioresoruce Technology 2002; 85 (2):
131-135

[4] Garg V, Amita M, Kumar R, Gupta R. Basic dye
(Methylene blue) removal from simulated waste

http://www.sciencepub.net/academia

49

water by adsorption using Indian rosewood saw dust.
Dye and pigment 2004; 63 (1):243-250

[5] Guo J, Lau A. Microporous activated carbons
prepared from Palm shell by thermal activation and
their application to SO2 adsorption. Journal of
Colloid and Interface Science 2002;251(2): 242-247.

[6] Hameed BH, Din AM, Ahmad AL. Adsorption of
methylene blue onto Bamboo based activated carbon:

kinetics and equilibrium studies. Hazardous
materials. 2006;137(3):695- 699

[71 Hameed BH, Hakimi H. utilization of durian
peels as low cost sorbent for removal of acid dyes.
Biochem. Eng. Journal. 2008;39: 338 — 343.

[8] Hameed BH. Evaluation of papaya seed as a non
conventional low cost adsorbent for removal of MB.
Hazardous materials 2009 ;162:939-944.

[9] Itodo UA, Abdulrahman FW, Hassan LG,
Maigandi SA. Adsorption capacities and intensities
of chemically modified carbon animalis and
Activated carbon: A comparative study. International
journal of pure and applied science. 2008;1(2) :214-
221

[10] Mattso H, Mark D. activated carbon. Marcel
Dekker inc. New York, 1971

[11] Rahman AI, Ismail J, Osman H. effect of HNO;
and digestion on organic materials and silica in rice
husks. J. mater chem. 1997;8: 12 -15.

[12] Meghea A, Rehner H, peleanu L. Test — fitting on
adsorption isotherms of organic pollutants from

waste water on activated carbon. J; Radionuclear
chem. 1998; 229(2): 105 - 110.

[13] Mohan D, singh K. Single and multicomponent
adsorption of Cd and Zn using activated carbon
derived from Bagasse. Water Research Journal
2001; 36(9): 2304 —2311.

[14] Monika, J; Garg, V; Kardirvelu, k. (2009),
Chromium (VI) removal from aqueous solution,

aarenaj@gmail.com




Academia Arena

2010:2(3)

using sunflower stem waste. J. Hazardous materials
162:365 — 372.

[15] Rahman Al, Ismail J, Osman H. effect of HNO;
and digestion on organic materials and silica in rice
husks. J. mater chem. 1997;8: 12 -15.

[16] Rahman, AI; Ismail; J and H. Osman studies on

Zn (11) ion adsorption by rice husks digested with
HNO;. Malaysian J. chem. 2002; 2(1): 12 — 15.

[17] Tsai W, Chang C, Wang Y, Chang C, Chien F,
Sun H. preparation of activated carbon from corn cob
catalyzed by potassium salts and subsequent
gasification with CO,. Bioresource Technology.
2001; 78 (2): 203-208.

[18] Turoti M, Gimba C, Ocholi O, Nok A. Effect of
different Activation Methods on the Adsorption
Characteristics of Activated Carbon from Khaya

Senegalensis Fruits and Delonix Regia pods.
Chemclass Journal 2007; 4 : 107 — 112.

[19] USEPA. source reduction of chlorinated solvent
in textile manufacturing. Bul. Toxic substances

control, U.S Env. Prot. agency recycled Cincinnati,
1999; OH 45268.

[20] Zahangir A, Suleyman A, Noraini K.
Production of activated carbon from oil palm
empty fruit Bunch for Zn removal.

Bul.conference proceedings 12" int.water Tech
conf. IWTC12 Egypt. 2008; 373-383

8/02/2010

http://www.sciencepub.net/academia

50

aarenaj@gmail.com




Academia Arena 2010:2(3)

ACTIVATION CHEMISTRY AND KINETICS OF SHEA NUT
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ABSRACT: Phosphoric acid (H;PO,4) and Zinc chloride (ZnCl,) catalyzed Shea nut shells, subjected to a one way
activation scheme was employed to study the adsorption kinetics and mode of diffusion of industrial dye uptake.
Thermodynamics data obtained in this study indicate that the sorption of dye spontaneously increases with time and
decreases after equilibration was reached. The adsorption follows the pseudo second order kinetic model which gave
the least % SSE (0.449-1.348), best linearity (R>=0.998-0.999) and closer agreement between the experimental and
calculated q. values (q. exp., 96.985/q. cal., 100.00).Mode of transport deviate from the intraparticle diffusion
model. According to this study, percent dye removal coupled with the close proximity of generated data to those
reviewed in literatures, is an indication that Shea nut shells could compare, to a good extent with commercial
activated carbon for organic dye removal from dyestuff waste water. [Academia Arena 2010;2(3):51-60]. (ISSN
1553-992X).

Key Words: Activation Chemistry, Kinetics, Shea nut, Biosorbents, Textile Wastewater

1. INTRODUCTION: new technologies is the utilization of plant residues

as adsorbents (McKay et al, 1987). A wide variety of
Waste water treatment is a sure way of reducing carbons have been prepared from agricultural wastes.
environmental degradation posed by agricultural, These includes peanut hulls, baggage pith, wood
industrial and human activities (Abdul and products, corn cob coir pith, fish waste etc (McKay et
Abemagba, 2005). One of the major causes of al., 1987) Kardirvelu et al., 2003, Abdul and
environmental pollution is industrial effluent. Aberuagba, 2005; Itodo et al., 2008). Commercially
Effluent discharged from dyeing industries is highly available activated carbon is expensive especially in
colored; of low BOD are high COD. The disposal of countries where economy plays a very big role. It is
this colored water can be toxic to aquatic life therefore better to find low cost precursors to be used
(Kardirvelu et al, 2003). The dyes upset the as adsorbent. This present article reports the
biological activities in water bodies, poses health feasibility of Shea nut shells as potentially low cost
threat since they are mutagenic and carcinogenic and adsorbent material for the removal of dyestuff with
can cause severe damage including kidney more emphasis on the activation chemistry and
dysfunction, reproductive system, liver, brain and kinetics of adsorption.

CNS malfunctioning (Kardirvelu et al, 2003),

Many conventional methods such as chemical

oxidation, coagulation, precipitation as well as 2.MATERIALS AND METHODS
biological techniques can be used for removal of dyes
and metal ions from aqueous solutions. Among many Adsorbates used were Chellco textile industrial dye

waste water collected at the effluent reservoir at the
51
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main factory site, Kaduna — Nigeria. The waste water
concentrate was diluted to the required concentration
as earlier described by Kardirvelu et al., 2002. And
used for the study. A 1000mg/l concentration was
first prepared and from which series of working
concentrations (10-50 mgl ") were obtained. Shea nut
shells was procured from Rikoto Zuru emirate of
Kebbi state, Nigeria, the samples were washed and
oven dried at 110° C before activation, Using the one
way thermochemical activation scheme as earlier
described by Turoti et al., 2007. The thermochemical
activation is process that depends upon the action of
inorganic chemical compounds such as ZnCl, and
H;PO, used in this research to dehydrate the organic
molecules during pyrolysis (another name for
cracking, carbonization or calcinations). In this study,
3g of the pretreated and grinded Shea nut shells was
mixed with 3cm’ lmolar activation agents. The
mixture was allowed to stand for one hour before
igniting in a furnace fired at 800 ° C for a five minute
and 10 minutes dwell time (Turoti et al., 2007).

2.1Activation chemistry

Thermal conversion process involves 3 stages (Paul,
1998).

2.1.1 Combustion: this is a complete thermal
oxidation of the Shea nut shells. At this stage, there is
still adequate oxygen in the system to allow breakage
of carbon bonds. During reduction of carbonaceous
materials, excited oxygen molecule reacts with
carbon until the entire available bond is broken. This
process is exothermic (Paul, 1998)

Cot 02 — COy - ®

2H,+ 0,y — 2HOf —ooeeee (ii)
Na+205) — 2NOyq - (ii)
S 09 — SOy e - (iV)

Equation I - iv revealed that the primary
emission of combustion are COj), HyO(),
NOz(g), SOz(g) and CO(g)'
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2.1.2 Gasification: if the amount of oxygen in the
combustion chamber were reduced to below the
amount required for combustion, the process is
termed gasification. This thermal system leads to a
partial burning by forcing carbon molecules to pair
with limited (only one) oxygen molecule and thus,
increase the production of carbon monoxide (Co)

C+ CO, — 2COy- - (v) Endothermic
C +120, — CO - (vi) Endothermic
C +H,0 — COg+Hyg - (vii) Endothermic
C + 2H, - CHs - -(viii) Exothermic
CO+H;0 — COyg +Hye - -(ix) Exothermal

This system is also exothermic and self sufficient the
net process is endothermic for gasification process
(Tchobanoglous et al, 1993)

2.1.3 Pyrolyzation (thermal distillation): in this
stage, the remaining char from gasification, can be
manipulated through a combination of thermal
cracking and condensation reaction in the absences of
oxygen. This highly endothermic reaction required
extensive external energy. distillation of char or
pyrolysis  yield two wusable by—products,(a)
combustible gas, mainly saturated hydrocarbon
(methane) and (b) activated carbon (Tchobanoglous
1993).

Equation representing complete pyrolysis is given as

().
3(C6H1005) i 8H20(g) + C6H80(5) + ZCO(g) + 2C02(g)
+CHygtHagit7C)

Pyrolising units are designed to achieve temperature
ranging from 315° C to 925 ° C. Harvesting of the
useful off gases from pyrolysis of municipal solid
waste has not been successful because of difficulties
obtaining pure final gas, the technical complexity of
the system and financial consideration for strict
heating control (Cheremisinoff et al., 1978).

2.1.4 Cooling: carbon is allowed to return to ambient
(surrounding) temperature. Experimental results
revealed that carbon proceed at high T°c with rapid
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cooling adsorb basic material more rapidly as does,
the slower cooled carbon for removal of acidic
substances. As cooling proceed slowly, oxygen came
in contact with surface of carbon, forming chemically
— attractive oxide groups (Paul, 1998)

The use of activating agent is for pore size
development. The area occupied by the activating
agent remains as developed pores after the washing
process to remove the residual chemical. Such
chemical is capable of producing the hot spot
adsorption area in charcoal as shown below

4 HNO; + 3C — 2H20(g) +2N0(g) + ZNOZ(g) + COz(g)

The water vapor produces the hot spot adsorption
area (Kong, 1996).

2.2. Batch mode adsorption studies

the entire experiment was carried out at room
temperature, 27 + 2° ¢. 10 milliliter dye solution

(1000mgl™) and 0.1g adsorbate ( < 2.0mm aperture
size) were taken into a 25 ml Erlenmeyer flask and
sealed. The samples were allowed to equilibrate at
predetermined time (15, 30, 45... and 90 minutes).
The absorbance values of the dye solution before and
after treatment were measured, using Jenway 610
model spectrophotometer at the pre-determined
maximum wavelength (640nm). The experiment was
conducted in triplicate (Hameed et al., 2006;
Hameed, 2009).

3.0.RESULTS AND DISCUSSION

Figure 1a shows removal of dye by various sorbents
as a function of initial dye concentration .Acid
(H3PO,) catalyzed sorbents proves to present higher
percent dye removal. This is pronounce for the
carbon activated at longer time,(SS/A/15/C,: 74.172 -
84.80%).The 10mgl"' concentration dyes were the
most adsorbed (59.60 -84.80%) compared to the
50mgl™” dye solutions (33.144-74.172%).This could
be linked to the less and a more competition for
adsorption sites in the former and later cases
respectively

http://www.sciencepub.net/academia

Figure la:Percentage dye removal onto acid and salt
catalgzoed shear butter shell activated carbon
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m%RE fOr SS/A/5/Co 82.4 79.84 75.94 69.065 64.902
m %RE for S5/A/15/Co 84.8 80.565 78.197 79.138 74.172
m %RE for SS/Z2/5/Co 59.6 54.03 44.36 45,32 33.144
m %RE for S5/2/15/Co 76.8 73.385 60.903 54.678 41.06
Co (mg/I)
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Figure 1b represents the effects of contact tine on dye
uptake. Quantitative removal of most of the dye was
obtained at a short time (15 — 60 minutes) . This is in
agreement with the work by Kardirvelu et al., 2002.
The equilibrium time was deduced from the least
absorbance (high adsorption) values for each series.
This term is a very useful parameter for waste water
treatment. It gave the corresponding equilibrium
concentration (C.) and amount of adsorbed per unite
dose of adsorbent (q.). Figure 1b, with an auto

appended table showed a gradual increase of %
removal with time. Occurrence at 90 minutes contact
time is an indication of slight desorption for most of
the series, % dye removal ranges between 94.724 —
97-99, 93.467- 92.714, 75. 182 — 98. 985 and 96.
482- 97. 489% for SS/A/5, SS/Z/5, SS/A/15 and
SS/Z/15 sorbent respectively. The lower and higher
ranges are values for 90 minutes interaction (with
extent of slight desorption) and 60 — 75 minutes
interaction, which are evidence of equilibration.

D5.477 =5.728

100

30

60

40

20

o
1s

%RE

Figure 1lb:Effect of contact time on Percentage dye
affarbed onto acid and salt treated SS sorbent

30 a5
m “cRE for SS/A /St a5 AF7 a5 728 o6.482 = =T 97236 a4 724
26 RE for SS/Z/5/t 92 714 a93.97 o4.221 04.724 96.9385 93 467
26RE for ss5/a/15/t 94.975 95 . 4F7 a97.487 92.493 02,985 75,182
m 24RE for s5/2/15/t 92.716 93.467 a4.975 95.477 a7.487 96.482
t (min)

The percent dye removal (% RE) was calculated for
each run by following the expression in equation (1)
below:

RE (%) =( (C;— C.)/C;) x 100
While the adsorption capacities of the adsorption for
each concentration of dye at equilibrium were
calculated using equation (2)

qe (mgg") =(Ci—Co) V/m —mreeeeeemev )

Where C; and C. (mgl™") were the initial and final
concentration of dye solution, g, (mgg') is the
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amount of dye adsorbed per unit mass of adsorbent
which is also a measure of adsorption capacity. V is
the volume of dye solution (dm’) while m is the
carbon dose (g) (Monika et al., 2009)

Figure 2 represents the thermodynamic equilibrium
constant (kc) and Gibbs free energy (AG) values for
sorption of dye onto SS biosorbent. The change in
Gibbs free energy was investigated, using equation 3
and 4 below (Dakiky et al., 2002)

AG = -RT In K¢ ------------ 3)

K. =c,/c.
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Kcfor Ss/;)a/5/t
e N5 TOrSS/ASSAL
srs e MocTor SS/ 7 /51

NG for SS/Z/5/t

Where K. is the equilibrium constant, C, and C, are
the solid and equilibrium phase concentrations in
mg/g and mgl" respectively. T is the temperature in
Kelvin while R is the gas constant.

As the contact time increases, AG values becomes
more negative, an indication of increase spontaneity
with increase in k. (the ratio of the adsorbed
concentration and equilibrium concentration). The
characteristic decrease of k., and AG values at 75
minutes is an indication that equilibration limit has
been exceeded. SS/A/5/t gave a higher k. value
(98.502), and signifies more adsorption onto the solid
phase.
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Figure 2:Thermodynamic equilibrium constant {(Kc) and Gibbs free
Frnergy {NG ) aof dye uptake hy S50 05 and 55075 sorheants
[ ST
Uy g0 4050
A0
L=
="
20
20
1
= ]
E s
- . - - .-
= 7 ) .
= A = | LSoFEd B 263 Q. G99 G
-{'E"—- 20 - t (min)
=

3.1. Batch kinetic study

Two kinetic and one transport models were used to
test the adsorption process of dye uptake. The pseudo
first order equation given by Lagergren and svenska
was described (Hameed et al., 2006) as equation 5a

(52)

And also by Namasivayan and kavitha, (2007) as
equation 5b

Ln (qe-q) =In q. — kit

Log (qe - q)) = log g.— (k;/2.303) t.

Where q. and q; are the amount of dye adsorbed at
equilibrium and time, t (min), respectively and K is
the rate constants for first order model (min™).
Values of k; were obtained from plot type in Figure 3
which all gave the typical pseudo first order kinetic
experimental data on Table 1
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Figure 3:pseudo first order kinetics for
adsorption of dye onto acid and salt catalyzed
SS carbon (5 minutes activation

0.8 o for A;y = -0.010x + 0.860
0.6 - RZ = 0.955
0.4 forZ;y = -0.013x+ 0.821

= . RZ— 0 P2ESSIASLS/t

: 0.2 -

= W SS/Z/15/t

s O .

f=) Lirear (SS/A/15,/1)
-0.2 O 50 \ 100
04 *> Lirear (SS/Z/15/t)
_O'6 |

Table 1: Pseudo first order experimental data of dye uptake by acid and salt catalyzed SS bio adsorbents.

Sorbents Equation(y=) R’ Ky(min™ gecal.(mg/g) de exp.(mg/g) % SSE
SS/IA/5/t -0.009x+0.581 0.974 0.021 3.811 97.990 42.118
SS/z/5/t -0.013x+0.821 0.737 0.030 6.622 96.985 40.412
SS/IA/15/t -0.010x+0.860 0.955 0.023 7.244 98.995 41.032
SS/Z/15/t 0.013x+0.821 0.736 0.030 6.628 97.487 40.633

SS/A/5 — Shea nut shells, treated with, H;PO,activated for 5 minute dwell time. SS/z/15 — Shea nut shells, treated
with ZnCl,, activated for 15 minute dwell time.

Generated data were also tested using the pseudo h=k,q) = = - (6b)
second order kinetic model as expressed by (Hameed,
2009) as equation 6a and b. where k, (gmg"min) is the rate constant of the
second order adsorption.
t/q. = 1/h + (1/qe) t ---- ----- ----- (6a)
A plot of t/q. versus t (fig 4) gives a linear
h is the initial adsorption rates given as equation (6b) relationship which the slope (q.) and intercept,k, are

determined(Tablel)
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Figure 4:pseudo second order kinetics for
adsorption of dyve onto acid and salt catalvzed SS
carbon (15 minutes) activation)

_ 1 for A ;y = 0.010x+ 0.012
& o.s RZ=0.999
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= 0.6 RZ= 0.999

_E. 0.4 * SS/ASLS /L
(=3 o 2

= o m SS/Z/15/

40

t {rmimn)

a0 S0 100

Table 2: Pseudo second order experimental data of dye uptake by acid and salt catalyzed SS bio adsorbents.

Sorbents Equation(y=) R? Ky(gmg™min) gecal.(mg/g) 9. exp.(mg/g) % SSE
SS/A/5/t 0.010x+0.003 0.999 0.033 100.00 97.990 42.118
SS/Z/5/t 0.010x+0.002 0.998 0.050 100.00 96.985 40412
SS/IA/15/t 0.010x+0.012 0.999 0.008 100.00 98.995 41.032
SS/Z/15/t 0.010x+0.005 0.999 0.020 100.00 97.487 40.633

SS/AJ5 — Shea nut shells, treated with, H;POjactivated for 5 minute dwell time. SS/z/15 — Shea nut shells, treated

with ZnCl,, activated for 15 minute dwell time.

The two models were compared for their fitness for
industrial dye uptake by four series of Shea nut shells
activated biosorbent. Accepted kinetic model for a
given adsorption is characterized by three common
validity test;

(i) A good and high correlation coefficient, R
indicating the  applicability and
reliability of a given model.

(i) A close agreement between the calculated
and experimental . values.

(iii) The accepted model must have the least
values for the sum of error squares (%
SSE), which is determined as equation 7

SS E (%) =\ Y. (qe.exp. - qecal)/N - - (7)

Where N is the number of data points.

(Hameed 2009; Hameed et al., 2006; Namasivayan
and kavitha, 2007).
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Findings from this study showed that the data range
for pseudo second order kinetics plots falls within the
ranges; R%=0.998 — 0.999, % SSE = 0.449- 1348 and
qe cal: g. exp = 100: 96. 985 — 98. 995. This values
are more favorable in justifying the adsorption of dye
onto SS biosorbent as following second order kinetic
model than the pseudo first order model, whose
corresponding data include 0.736 — 0.974, 40. 412 —
42.118 and 100:3.811 — 7.244 for R?, % SSE and Qe
cal: exp respectively. The rate of dye sorption by acid
treated SS/A/5/t,(0.033) is about 2 times slower than
that of SS/Z/5/t,(0.050) while SS/Z/15/t, adsorb 2
times faster,(k,=0.020) compared to its corresponding
acid catalyzed biosorbent (K,=0.008) units in gmg
'min.This could be linked to a higher mesopore
created by the ZnCl, modified biosorbent.

The transport process was studied, using the
intraparticle diffusion model. This model was design
to investigate the mechanism of dye adsorption. The
intraparticle plot is an empirical found functional
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relationship, common to adsorption process where
sorption varies almost directly with square root of

time (t"?

Figure 5.

) instead of contact time (t) as presented in

According to the theory proposed by Weber and
Morris (1963): in Hameed, 2009. The equation is
given as 8

q=kigt? +Cj mmmmeen oo oo ®)
where ki (mgg" min"?) is the rate constant of stage i,
which is obtained from the straight line plot of qt
versus t'%. C; is the intercept.

Disregarding the linearity (high R* value) of the
intraparticle diffusion plot, the sorption mechanism
assumes this model if the following conditions are
met:

(i) High R values to ascertain applicability

(ii) traight line which passes through the origin for
the plot area gt vs. t'%.
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(iii)Intercept C; < 0. A validity test which deviates
from (ii) and (iii) above shows that the mode of
transport is affected by more than one process
(Hameed, 2009).

Results in this analysis gave a good linearity (R*
= 0.766 — 0.948), with an excessively high C;
values (88.64 — 93.41) as displayed on Table 3
.The plot straight lines does not pass through the
origin (Figure 5). It does imply that sorption
mechanism is not by intraparticle diffusion. This
studies is in good agreement with the kinetic test
of methylene blue removal by papaya seed
(Hameed, 2009) and Bamboo based activated
carbon (Hameed et al., 2006) which all modeled
into the pseudo second order kinetics.
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Table 3: Intraparticle diffusion model experimental data of dye uptake by acid and salt catalyzed SS bio adsorbents.

Sorbents Equation(y=) R’ Kig(min?) Ci

SS/IA/5/t 0.486x+93.41 0.766 0.486 93.410
SS/Z/5/t 0.762x+89.57 0.843 0.762 89.570
SS/A/15/t 0.926x+91.07 0.948 0.926 91.070
SS/Z/15/t 0.952x+88.64 0.931 0.952 88.640

SS/A/5 — Shea nut shells, treated with, H;POjactivated for 5 minute dwell time. SS/z/15 — Shea nut shells, treated

with ZnCl,, activated for 15 minute dwell time.

CONCLUSION:

This present study revealed the feasibility of shear
butter shells as an effective biomass for dye uptake
bio-adsorbent with relatively high percent dye
removal.

The absorption kinetic data does not follow the first
order but can be predicted by the pseudo second
order kinetic model, having fulfilled the validity tests.
The R? values of intraparticle diffusion plots and their
very high intercept Ci>>0 proves that adsorption
mechanism is governed by more than one process
and not by intraparticle diffusion.
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Abstract : It is shown that the equation for the calculation of tangential acceleration of emitted photon from the star
accounts for the potential energy of gravitational field of star .The above equation a~=kEg ( k = proportionality
constant ,a.= tangential acceleration of emitted photon from the star, , Eq= potential energy of gravitational field of
star) was developed based on the quantum mechanical concepts , gravitational concepts and classical mechanical
concepts .The new mathematical model allows to calculate tangential acceleration of emitted photon from the star .
The above equation also describes the variation of tangential acceleration of emitted photon with the potential
energy of gravitational field of the star. [Academia Arena 2010;2(3):61-64]. (ISSN 1553-992X).

Key words: Force, photon, gravity, speed of light , acceleration

A star is a massive, luminous ball of plasma that is held together by gravity and it emits energy in the form of
radiation . According to Boltzmann’s law, Energy of emitted thermal radiation by star is directly proportional to
it’s absolute temperature .

E=KT (1)
Here K = Boltzmann constant, T = temperature of star , E= Energy of emitted radiation .

Energy can be emitted or absorbed ,they do so in the form of small packets of energy called photons . Although
photons have zero rest mass ,it possess energy and momentum during its motion .Total energy of an object during
its motion is also referred as “Relativistic mass” and it depends on the observer's frame of reference. Relativistic
mass of photon can be given by m=E/C *2 i.e E=mC"2 )]

In physics, the concept of force is used to describe an influence which causes a free massive body to undergo an
acceleration. Force is an external agency that is responsible for motion of every object in this universe .

Force that moves photon can be given by F=mC”"2/. ie mC*2 =FL (3)

Here A =Debroglie wavelength associated with the emitted photon, C= Speed of light in vaccum .

Relativistic mass of photon emitted from the star (hot body) is directly proportional to its absolute temperature.

KT =mC*2 (4)
Debroglie wavelength assosiated with the emitted radiation can be given by A=h/mc¢
KT =F A (5)
KT =F h/mC (6)
61

http:/www.sciencepub.net/academia editor@sciencepub.net




Academia arena

F=(KC/h) * mT )

Let ustake (KC/h)=e , where e = proportionality constant .
The value of e was found to be 6.249*10718 m/Ks”"2 .

F=emT (8)
Here F = Force that moves photon , T=Temperature of star, m = Relativistic mass of photon .

Since photon in motion has mass, it has the center of mass as well .Work is performed by the tangential component
of force . According to Newton’s law of motion , force that produces tangential acceleration in photon of mass m
can be given by

F= m a: 9)
Here a.=tangential acceleration of emitted photon from the star
By comparison of (8) and (9) we get
ar=eT (10)

Hence tangential acceleration of emitted photon from the star varies directly with the Temperature of star.
Newton’s law of gravitation layed the ground work for the astronomical ideas for centuries to come.

The Schwarzschild radius (sometimes historically referred to as the gravitational radius) is a characteristic radius
associated with every quantity of mass. It is the radius of a sphere in space, that if containing a correspondingly
sufficient amount of mass (and therefore, reaches a certain density), the force of gravity from the contained mass
would be so great that no known force or degeneracy pressure could stop the mass from continuing to collapse in
volume into a point of infinite density: a gravitational singularity (colloquially referred to as a black hole). The term
is used in physics and astronomy, especially in the theory of gravitation, and general relativity.

When the Schwarzschild radius has been attained ,the object will have a strong gravitational field that it will prevent
even light from escaping out of its influence .

R;=2GM/C"2 (11)

Here G= universal gravitational constant, M= mass of star, C= speed of light in vaccum, R.= gravitational radius .
Let us divide the above equation by m ,where m= Relativistic mass of photon.

R:/m=2GM/mC*2 (12)
Aswe know KT =mC"2 then

Re=2GMm / KT (13)

Here K= Boltzmann constant
As tangential acceleration of emitted photon from the star can be given by ar=e T thenT=a./e

R;=2GMme /K a: (14)
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a:= (GMm / Re)* ( 2¢/ K) (15)
Let us take ( 2e¢/ K) =k , Here k = proportionality constant
The value of k was found to be 9.04*10"41m/Js"2
ar= (GMmk / Ry) (16)

Gravitational energy is the potential energy associated with gravitational force. If an object falls from one point to
another inside a gravitational field, the force of gravity will do positive work on the object and the gravitational
potential energy will decrease by the same amount . Potential energy of gravitational field of star can be given by

E:= GMm / R, (7)

Here E; = potential energy of gravitational field of the star ,M= Mass of star, Rg = gravitational radius,
m= relativistic mass of photon ,G = universal gravitational constant

Thus the equation (16) becomes a.=k Eg (18)
Here k = proportionality constant (9.04*10°41m/Js*2 ).

a, = tangential acceleration of emitted photon from the star .

E¢ = potential energy of gravitational field of the star.

If potential energy of gravitational field of the star increases then tangential acceleration of emitted photon from
the star also increases by the same degree.

Does Relativistic mass of photon affected by gravity ?

Although photon has zero rest mass (Photon can never be at rest in any frame of reference ) but it possess
momentum and energy during its motion.Energy carries mass along with it . Hence photon’s energy is a measure of
mass known as “Relativistic mass” .

Consider a trapped photon escapes from the gravitational field of blackhole .then we observe difference in
frequency( Energy) i.e frequency ‘f * of photon has decreased . As f a m(Frequency of photon is directly
proportional to its Relativistic mass) then there is change in relativistic mass of photon. Part of the energy of
trapped photon is utilized to do work against gravitational field of black hole . Thus the Relativistic mass of photon
is affected by gravity of black hole .

Conclusion : As Potential energy of gravitational field of the star varies directly with the tangential acceleration of
emitted photon from the star i.e a.a Eg .According to equation a.= k E, tangential acceleration of photon should
be greater then the Potential energy of gravitational field of the star to overcome the gravitational force of star. If
potential energy of gravitational field of the star increases then tangential acceleration of emitted photon from the
star also increases by the same degree. The value of tangential acceleration of emitted photon can be calculated
using the value of potential energy of gravitational field of the star.
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Abstract: Field experiments were carried out in 2007 and 2008 growing seasons at the Delta State University,
Asaba Campus teaching and Research Farm to screen six cultivars () of cowpea for adaptation to soil contaminated
with spent engine oil. 0 (control), 25, 50, 75 and 100ml of the oil served as the treatments. The experiment was
arranged in a randomized complete block design with four replications. The results showed that cowpea cultivars
grown in 25ml of spent engine oil gave consistently significant higher (P<0.05) values than the control and the other
treatments (50, 75 and 100ml) of the spent oil plant height, leaf area, number of leaves, stem diameter, days to 50%
flowering, member of nodes on main stem, number of branches, and number and length of penducle. The results
also showed that as from the 50ml of oil application to soil, all the traits examined showed significant reductions (P>
0.05) when compared to their controls however, TVx3226 and IT84S — 2246-4 were higher in performance whereas,
1T890.699 and IT870- 941-1, showed the lowest inhibitory effect. The current study has demonstrated that spent
engine oil has a highly significant effect of reducing the growth characteristics of the six cultivars of cowpea
examined. [Academia Arena 2010;2(3):65-75]. (ISSN 1553-992X).

Keywords: Screening, cowpea cultivars, adaptation, spent engine oil.

1. Introduction products for her income earnings. Spent lubricating oil

Cowpea is a popular leguminous stable food has been reported to be a major and most common soil
in Nigeria (Adelaja, 2000; Adaji et al., 2007). It is contaminant from engines and other machinery in
cultivated and used fresh in derived savannah and Nigeria (Aneliefo and Edegbai, 2000). The in

rainforest belts thus it is available throughout the year discriminate disposal of spent oil into open vacant plots
either as vegetable or as a pulse (Singh and Rachie, and farms, gutters and water drains is an environmental
1985; Asumugha, 2002; Olapade et al., 2003) risk both to ground water, plants and other organisms.
Asumugha (2002) maintained that cowpea is the most The effects of oil in soil include depression and
extensive consumed in various ways especially in the inhibition of plant growth, by interfering with the soil-
form of Akana and moin- moi which are very popular water- plant interrelationships (Agbogidi and Ejemete,
breakfast and snack foods. Philip (1999) and Olaleke et 2005; Agbogidi and Dolor, 2007). Although researches
al, (2006) maintained that cowpea contains moisture have been carried out on the effects of spent engine oil

(4.0), ash (37.1), crude fat (31.3), crude fibre (24.0), the growth of crop plants (Anoliefo and Vwioko, 1995;
crude protein (75.3), carbohydrate by difference (828), Wang et al., 2000, Odjegba and Sadig, 2002;
fatty acids (25) and energy mijkg" (6.5193), a let of Nwadinigwe and Uzodimina, 2005; Vwioko and
minerals including Na, K, Na K, Mg, Ca, P, Cap, Co, Fashemi, 2005, Agbogidi and Nweke, 2006; Sharifi et

Fe, Pb, Cu, Mn, Cd, Zn and Cr. al., 2007; Smith et al., 2007). Information on the
effects of spent oil on the growth of cowpea is
Cowpea belongs to the family fabaceae however, scarce. This study has been designed to
and sub-family Faboideae. Cowpea is of major screen six cultivars of cowpea for adaptation to soil
importance to the live hoods of millions of relatively contaminated with spent engine oil with a view to
poor people in less developed countries of the tropics. selecting and recommending the tolerant cultivars to
In fresh form, the young leaves, immature pods and farmers especially in the oil producing areas of Nigeria.
peas are used as vegetable while several snacks and The study also has the advantage of affording plant
main dishes are prepared from the grain (Kwartang and breeders the opportunity of searching for ways of
Towler, 1994). Islam et al. (2006) noted that cowpea is improving cowpea production in oil- producing areas.
more tolerant to drought, water logging infertile soils This is because; successive cultivation of cowpea
and acid stress than common beans. Islam et al. (2006) beyond the present limits in Nigeria requires the
further maintained that west and central Africa is the discovery and selection of cultivars that are tolerant to
leading cowpea producing regions in the world. oil effects.

Nigeria still depends largely on crude oil and its refined
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Materials and Methods

The study was conducted during the 2007
and 2008 growing seasons at latitude 6°14'N and
longitude 6°49'E at the Delta State University Research
farm, Asaba, Nigeria (Asaba Meteorological Office,
2008). The six cultivars of cowpea-(IT80D- 699), IT82
(e-18), IT84S- 2246- 4, TVx3236, IT90K-277-2 and
IT870- 941- 1) were purchased as a single batch from
International Institute for Tropical Agriculture (IITA),
Ibadan (Onne station), Oyo State, Nigeria while the
spent engine was from 10 different motor mechanic
workshops in Asaba, Delta State. The site was
ploughed by a tractor, harrowed after one week and the
land was measured with tape and mapped out with
pegs. Each plot measured 5m in length and 3m in
width. The space between the plots is 1.5m. A planting
space of 60 x 30cm was used following the procedure
of Remison (1978). Two seeds from each cowpea
cultivar were sown in each plot. Seedlings were
thinned to one at two weeks after planting (WAP)
when they were fully established. Regular weeding was
ensured before plant maturity insect pests were
controlled with Karate 2.5 EC at 2 weeks after seedling
emergence and thereafter, at 10days interval following
the procedure of Awe (2008). 0 (control), 25, 50, 75
and 100ml of oil per stand of the cowpea served as the
treatments. Spent engine oil application (ring
application) was done at 3 weeks after seedling
emergence. The experiment was arranged in a
randomized complete block design (RCBD) with four
replications subsequent examination followed. Growth
indices measure were plant height, leaf area, number of
leaves, stem diameter, number of branches, number of
nodes on main stem, number of penducle, length of
peduncles and days to 50% flowering. Plant height was
measured with a meter rule at the distance from soil
level to terminal bud. Number of leaves was by visual
counting of the leaves per cowpea plant. Leaf area
(cm®) was determined by tracing the margins of the leaf
on a graph paper and the total area/ plant was obtained
by counting the number of 1- cm square (Bamidele and
Agbogidi, 2000). The stem diameter was measured at
2cm above soil level with venire calipers. Data on
number of branches/ plant, number of nodes/ plant,
number and length of peduncles were collected at
maturity before senescence by visual counting. Data
obtained on each trait were subjected to a single factor
analysis of variance (ANOVA) while the significant
means were separated with the Duncan’s multiple
range tests (DMRT) using SAS (1996).
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Results and Discussion

The results obtained for the growth
characteristics and morphological characteristics of the
six cowpea cultivars are presented in Tables 1 and 2
and 3 respectively. The results showed that cowpea
seeds from TVx3236 cultivars and 1T84S-2246-4
grown in 25ml of spent engine old gave consistently
significant higher values than the control, and the other
treatments (50, 75 and 100ml of SEO). Treatments 0
and 25ml of the oil produced significantly higher (P<
0.05) plant height, leaf area, number of leaves, stem
diameter, number of branches, number of nodes,
number and length of peduncles than those of the
higher treatments. Plants grown in 25ml of the SEO
contaminated soil flowered earlier than those in the
control and the higher treatments. Generally, the
various responses of the cowpea cultivars to the
contaminant was observed to be dose dependent
although an increase in the various traits was observed
in the cultivars exposed to 25ml of the SED indicating
growth stimulation at this level of oil treatment.
Anoliefo and Vwioko (2005), Sharifi et al. (2007)
separately studied various plant species to soil
contaminated with spent lubricating oil and reported
growth enhancement (fertilizer effect) at 1%
concentration when compound with the control.
Agbogidi and Bamidele (2007) noted that small
amount of hydrocarbon in substrates can enhance
growth media and indirectly growth characteristics.
The observed better performance of cowpea cultivars
TVx 3236 and IT84S-2246-4 than the other cultivars
indicates species dependent quality of oil effects.
Anoliefo and Edegbai (2000) reported that Solanum
melongena was more tolerant to spent lubricating oil
than S. incanum. Similarly, Sharifi et al. (2007) noted
that Medicago truncatula is the most tolerant plant
species among the six species examined. Vwioko and
Fashemi (2005) had earlier reported stimulation of
growth in the germination and growth characteristics at
1% w/w spent lubricating oil in soil for Ricinus
communis seedling while growth in higher
concentrations (2, 3, 4, 5 and 6%w/w) exhibited
depression in growth. The study has also showed that
as from 50ml of oil application to soil all, the traits
examined showed significant reductions (P > 0.05).

Reduction in the characteristics Bamidele and
Agbogidi  (2000) had also reported growth
enhancement for aquatic macrophytes at low

concentration exposed to the water soluble components
of crude petroleum oil.
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Table 1. Plant height (cm) and leaf area (cm2) of the six cultivars of cowpea as affected by SEO

Cowpea cultivar Plant height/ oil level
0 25 50 75 100 Means

IWAOA
IT81D-699 20.1 21.7 10.6 18.7 18.4 19.7e
IT82 (e-18) 22.4 22.6 21.4 21.0 20.6 21.6a
1T84S-2246-4 24.6 25.6 242 23.0 22.1 23.9b
TV x 3236 25.7 25.8 24.6 24.4 24.0 24.9a
IT90K -277-2 21.2 21.6 21.0 20.6 20.3 20.9d
IT870-941-1 20.3 20.6 20.0 19.4 18.6 19.8e
Means 22.4b 23.0a 21.8¢ 21.2d 20.7e

2WAOA
IT81D-699 40.3 41.0 40.1 39.6 384 39.9
IT82 (e-18) 46.7 46.9 46.3 43.7 40.1 44.7
1T84S-2246-4 56.7 56.9 56.4 56.2 55.6 56.4
TV x 3236 58.4 58.8 58.9 57.7 56.2 58.0
IT90K- 277-2 46.7 46.9 46.2 45.2 45.0 46.0
1T870-941 45.6 45.8 45.1 44.7 43.1 44.9
Means 49.1b 49.4a 48.8¢c 47.9d 46.4e

3WAOA
IT81D-699 56.4 56.5 56.2 56.0 53.1 55.6d
IT82 (e-18) 56.9 57.4 57.1 56.8 55.1 56.7d
1T84S-2246-4 70.3 70.7 70.5 70.2 70.0 70.3b
TV x 3236 74.8 74.4 74.4 74.4 73.2 74.3a
IT90K-277-25 7.6 57.7 57.3 56.8 56.3 57.1c
IT870-941-1 57.2 57.3 57.0 56.3 56.1 56.8d
Means 62.2b 62.4a 62.1b 61.8¢c 60.6d
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Cowpea cultivar Leaf area/ oil level
0 25 50 75 100 Means

IWAOA
IT81D-699 40.2 41.6 40.1 40.0 39.1 40.2¢
IT82 (e-18) 42.2 43.6 42.0 41.7 41.6 42.2¢
1T84S-2246-4 48.6 49.7 48.0 47.8 46.9 48.6b
TV x 3236 49.725.7 50.8 49.3 49.2 49.0 49.6a
IT90K -277-2 41.6 41.9 413 41.0 40.7 41.5d
IT870-941-1 41.6 42.5 41.0 41.2 414 41.5d
Means 43.9b 45.0a 43.6¢ 43.8d 43.3d

2WAOA
IT81D-699 56.1 56.7 56.0 55.0 55.0 55.8d
IT82 (e-18) 57.7 57.9 57.1 57.0 56.1 57.2¢
1T84S-2246-4 62.0 63.1 59.4 58.7 57.6 58.2b
TV x 3236 64.4 65.2 63.7 63.3 63.0 63.9a
IT90K- 277-2 54.4 55.1 54.6 54.2 53.8 54.4d
1T870-941 53.7 54.3 53.0 53.1 53.0 53.4e
Means 58.1b 58.7a 57.3¢ 56.9d 56.4e

3WAOA
IT81D-699 57.4 58.3 57.2 57.0 56.1 56.6
IT82 (e-18) 59.9 60.3 59.0 57.6 55.4 58.3
1T84S-2246-4 64.6 65.9 63.4 63.2 62.1 63.8
TV x 3236 65.9 66.3 65.2 64.6 62.9 65.8
IT90K-277-25 56.1 56.7 55.0 53.7 51.6 54.6
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IT870-941-1 54.9 554 53.2 52.7 51.6 54.6

Means 59.7b 60.5a 58.8¢ 58.1d 56.8¢

Means in the same column with different letters and with the same MAP are significantly different at P<0.05 using
DMRT. WAOA= Week after oil application

Table 2. Number of leaves and stem diameter (cm) of the six cultivars of cowpea as affected by spent engine
oil

Cowpea cultivar Number of leaves/ oil level
0 25 50 75 100 Means

IWAOA
IT81D-699 6.6 6.8 6.6 6.3 6.1 6.5¢
IT82 (e-18) 6.5 6.7 6.4 6.2 5.7 6.3d
1T84S-2246-4 7.4 7.7 7.3 7.0 7.0 7.3b
TV x 3236 7.5 7.9 7.5 7.2 7.1 7.4a
IT90K-277-25 6.3 6.5 6.2 6.0 5.8 6.2e
IT870-941-1 6.4 6.5 6.1 59 5.6 6.1e
Means 6.8b 7.0a 6.7b 6.4c 6.2d

2WAOA
IT81D-699 7.4 7.6 7.3 7.0 6.4 7.1c
IT82 (e-18) 7.3 7.7 72 7.0 6.5 7.1c
1T84S-2246-4 9.4 9.8 9.2 9.0 8.3 9.1b
TV x 3236 9.6 10.4 9.6 9.2 9.0 9.5a
IT90K-277-25 7.3 7.5 7.2 7.1 6.5 7.1c
IT870-941-1 7.3 7.6 7.1 6.7 6.4 7.0c
Means 8.1b 8.4a 7.9¢ 7.7d 7.2e

3WAOA
IT81D-699 7.5 7.6 7.0 6.8 6.2 7.0c
IT82 (e-18) 7.5 7.6 7.0 6.7 6.1 7.0c
1T84S-2246-4 9.4 9.6 9.2 9.0 8.5 9.1b
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TV x 3236
IT90K-277-25
IT870-941-1
Means

Cowpea cultivar

IT81D-699
IT82 (e-18)
1T84S-2246-4
TV x 3236
IT90K-277-25
IT870-941-1

Means

IT81D-699
IT82 (e-18)
1T84S-2246-4
TV x 3236
IT90K-277-25
IT870-941-1

Means

IT81D-699
IT82 (e-18)
1T84S-2246-4

TV x 3236
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IT90K-277-25 1.7 1.8 1.6 1.2 1.0 1.5¢
1T870-941-1 1.6 1.7 1.4 1.1 0.8 1.3d
Means 1.8b 1.9a 1.7¢ 1.3d 1.1e

Table 3. Morphological characteristics of the six cultivars of cowpea subject to SEO

Characters Cowpea cultivars Oil level
0 25 50 75 100
Means

Days to 50% IT81D-699 39.8 37.6 40.2 44.6 45.0 41.48d

flowering
IT82 (e-18) 40.6 38.2 40.9 43.5 452 41.68¢c
IT84S-2246-4 38.2 37.0 43.3 44.7 449 41.62b
TV x 3236 38.0 37.0 42.7 439 44.1 14.14a
IT90K- 277-2 39.8 387 42.9 45.8 46.3 42.7e
1T870-941 40.8 39.4 43.6 47.3 47.9 43.8f
Means 39.5b 38.9a 42.3c 45.8d 45.6d

Numb;r of nodes IT81D-699 9.7 10.6 9.1 8.7 8.0 9.22¢c

on main stem
IT82 (e-18) 9.6 10.5 9.0 8.7 7.6 9.08d
1T845-2246-4 10.0 10.9 9.6 9.2 9.0 9.74b
TV x 3236 10.9 11.7 10.5 9.6 9.4 10.42a
IT90k- 277-2 9.5 104 9.2 8.5 7.3 8.98¢
IT870-941 9.3 9.9 8.7 8.3 7.5 8.74f
Means 9.83b 10.67a 9.35¢ 8.83d 8.13e

No of braches IT81D-699 4.6 4.8 43 4.0 3.6 4.3c
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IT82 (e-18) 3.8 4.0 3.6 3.5 3.0 3.6e
1T84S-2246-4 5.6 5.8 52 4.6 39 5.0b
TV x 3236 7.8 8.0 7.7 5.8 6.3 7.3a
IT90K- 277-2 4.2 4.6 4.0 32 2.8 3.8d
1T870-941 4.1 4.5 3.8 3.1 2.6 3.6e
Means 5.0b 5.3a 4.8¢c 4.1d 3.le

Number of IT81D-699 7.1 7.4 7.0 6.3 6.2 6.8¢c

peduncles
IT82 (e-18) 7.2 7.5 6.2 6.4 52 6.4d
1T84S-2246-4 8.6 8.8 7.4 7.2 7.0 7.8a
TV x 3236 8.7 8.9 7.9 7.7 7.4 7.8a
IT90K- 277-2 7.3 7.5 7.0 6.4 6.3 6.9b
IT870-941 7.4 7.6 7.0 6.4 6.3 6.9b
Means 7.7b 8.0a 7.1c 6.7d 6.4e

Length of IT81D-699 9.4 9.6 9.3 9.0 9.3 9.3d

peduncles
IT82 (e-18) 9.7 9.7 9.3 9.2 9.1 9.3d
1T84S-2246-4 12.7 12.7 10.9 10.4 10.3 11.2b
TV x 3236 12.9 12.9 11.4 10.9 10.6 11.5a
IT90K- 277-2 9.9 9.9 9.4 8.7 8.5 9.2d
IT870-941 9.9 9.9 9.5 9.4 9.2 9.5¢
Means 10.3b 10.8a 10.0c 9.6d 9.5d

Means in the same column and within the same parameter with different letter are significantly different at P< 0.05
using DMRT.
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Abstract: Modeling composting processes is the prerequisite to realize the process control of composting. In this
paper, a simulation model for domestic solid waste composting processes was developed based on microbial process
kinetics, mass conservation equation, energy conservation equation and water balance. Differential equations
describing microbial, substrate, oxygen concentrations, moisture content and temperature profiles were derived.
Considering that several factors (temperature, oxygen, moisture and FAS) in the process interacted to composting
processes, microbial biomass growth kinetics was described. In order to verify the model, a series of aerobic
composting experiments on domestic solid wastes were conducted. Temperature, moisture, microbial biomass
growth, oxygen consumption rate and the concentrations of organic components were monitored in the composting
processes and also simulated with the developed model. The simulation results were well consistent with the
experimental results. It also could be seen from the model that the efficiency of composting processes could be
raised and aeration requirements could be reduced by controlling the oxygen concentration in the exhaust air within
a proper range. When the range is 8% to 12%, the aeration requirements reduced 79.61%. This result was verified by
the composting experiment. When initial moisture content was higher than 66% or lower than 33%, it would
significantly reduce the rate of substrate degradation. It indicated the effect of initial moisture content on the
composting processes was significant. A simple sensitivity analysis demonstrated that two key parameters in
composting modeling to determine were maximum specific growth rate (£{.,, ) and yield coefficient (Yys).

Therefore, the composting processes could be optimized by the application of the developed simulation model.
[Academia Arena 2010;2(3):76-89]. (ISSN 1553-992X).

Key words: dynamic simulation; model; composting; domestic solid waste

1. Introduction Modeling composting processes is the prerequisite

The biochemical and physical characteristics of  to realize the process control of composting. Over past
solid wastes (e.g., constituents, pH, and moisture) and  years, there have been many approaches (Miller, 1996)
operating conditions of solid waste composting (e. g., which have been used to investigate composting
carbon to nitrogen ratio, aeration rate, reaction  processes: (Hammelers, 1993; Stombaugh, 1996;
temperature and pressure) impose significant effects on ~ Agamuthu, 1999) considered growth rates of
an ecological succession of microorganisms (Vallini, microorganisms and used the Monod equation to
1993; Huang, 2000). Although relationships between  simulate the composting processes (Keener, 1993;
these factors have been stressed, it is often difficult to ~ Haug, 1993) made emphasis on the thermodynamic and
synthesize such a large volume of materials. Generally,  kinetic changes taking place during composting
the factors that affect composting processes, such as  processes. Mohee and White (1998) developed a
temperature and oxygen availability, are controlled to  dynamic simulation model to present biodegradation
maintain a relatively better growth environment for  processes in composting based on the knowledge of the
microorganisms during the process of composting.  physical and chemical changes occurring in the
Analytical and numerical modeling of the composting  processes. Hamoda et al. (1998). Wang and Li (2000)
process could be used as a tool to analyze composting  also conducted a number of works on the modeling for
system performance under different operating scenarios. ~ composting processes. Bari et al. (2000) studied a
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kinetics of forced aeration composting
processes operated under different aeration modes.

However, at the present, most of the existing
composting systems are static control systems and the
underlying biological portion of the process has been
neglected. At the same time, the states of solid waste are
various in different periods due to the dynamic features
and the living environment of microorganisms is also
incessantly changing due to the increase of metabolizing
production and consumption of biochemical reaction.
These  inherent  complicated  processes  are
insurmountable for design of cost-effective composting
system. So, the present models exist some limitation for
real composting processes to determine optimal
operation conditions. Thus, it is necessary to integrate
the intrinsic rate equations with fundamental microbial
kinetics to produce a dynamic model of the process. The
dynamic simulation model would be more robust than
current empirical models. It should consider more
complete complexities process of composting and
supply interactive relationship of temperature, oxygen,
FAS, moisture and microbial biomass growth to instruct
the design of composting system and determine the
optimal operation conditions for the process.

The primary objective of this study is to develop an
integrated simulation model, which can be used for
engineering analysis and design. The dynamic kinetics
of the whole composting processes and all key factors,
which limit the kinetics, will be considered. The model
describes substrate degradation, microbial growth,
moisture change, oxygen concentration and aeration on-
off situation as a function of substrate and oxygen
concentration in the exhaust air, compost temperature
and moisture content. Realistic economic aeration will
be included to evaluate and optimize a rotation vessel
composting process with the numerical simulation
results. At the same time optimal composting conditions
will be identified.

analysis

2. Development of dynamic composting of processes
simulation model

Most modern municipal solid waste composting
operations  emphasize  the  enhancement  of
decomposition rate of the organic matter as well as the
economic operating cost. This can be achieved once the
composting process kinetics is well understood. Based
on microbial process kinetics, mass conservation
equation, energy conservation equation and water
balance, differential equations describing microbial,
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substrate, oxygen concentrations, moisture content and
temperature profiles are derived. Then a simulation
model for domestic solid waste composting processes is
developed. The process is shown in Figure 1.

2.1 Kinetics of composting processes

The complex and dynamic interactions within
bioconversion are a fundamental component for
developing a  proper  composting  process.
Thermal/physical/chemical interactions be
considered completely in biological and physical
composting processes in the simulation modeling. The
Monod equation is the most popular kinetic expression
applied to modeling biodegradation. The Monod
equation expresses the microbial growth rate as a
function of nutrient that limits growth. The expression
is of the same form as the Michaelis-Menton equation
for enzyme kinetics is derived empirically. The
limiting nutrient can be a substrate, electron acceptor,
or any other nutrient such as nitrogen or phosphorous
that prevents the cells from growing at their maximum
rate. The nutrient limitation is expressed in the form of
a Monod term multiplying the maximum growth rate.
The Monod equation (BEHE—, 1993) is:

dXx ( SX )
= :lumax
where:

oY KoX +S
4= specific growth rate (1/h)
X = biomass concentration (m/I’)
S = substrate concentration (m/I°)
maximum specific growth rate

must

(M

Kc = half saturation constant (value of S at which
Mis Y u,, m/l)

In this model, X represents total microbial
biomass concentration including mesophlic and
thermophilic bacteria, fungi and actinomycetes, etc.

Endogenous decay consists of internal cellular
reactions that consume cell substance. The endogenous
decay term is also sometimes conceived of as a cell
death rate or maintenance energy rate and represents
cells in the death period of the microbial growth cycle.
Endogenous decay is described by adding a decay term
to the Monod expression:

dX SX

D= | =22 bx

a ” ”"‘“[ch +sj

where b is the endogenous decay rate constant
(1/h).

2
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The substrate (S ) is assumed to be the substrate
utilization which is determined by dividing the Monod
expression by a yield coefficient, Y, , the yield
coefficient must also be determined experimentally.
Substitution of the yield coefficient into the Monod
expression for microbial growth results in the
following expression for substrate utilization:

dSi_L:_M[ SX j+ b X

Y, \KeX+S) Y,

E - Y x/s

The constant quotient u,,,. /Y, is often called K,
the maximum specific substrate utilization rate. and
b/Y,, s is called k4, so that the Monod equation for
substrate utilization becomes:

(€)

x/s

d—sz—k'x( SX J+kdx )
dt KeX +S
Following Haug (1993), the composite

degradation constant is represented by multiplicative
factors for temperature, oxygen, free air space and
moisture content as:

K=Kk Koo Kens Ko )

moisture 2

wherekK; is the temperature correction, Kygisture
is the moisture content correction, K ., is the free
airspace correction and Ko, is the oxygen concentration
correction. The effects of them are concerned as
follows:

(1) The temperature correction kT

According (BEHET, 1993), the relationship
between microbial specific growth rate x# and
temperature of compost bulk is presented by equation 6

1
Kopo = ®)
FAS Z *
| 1+ gl 236754 FAS+3.4945]
Because  composting  particles  constantly

consolidate, FAS in reality decreases with time.

However, FAS is left constant because the interaction of
particles and moisture which affects FAS through the

composting processes on beyond the scope of this study.
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(whenT <T,,,T,, =60 C), equation 7 (when
T, <T<T,,T,=80C),when T >T,, =0k, =0.

k=P mexpl—Ea L1 1
1, R, T+273 T,+273
k= LT (7
y T =Ty

where: g =microbial specific growth rate at
preference temperature (1/h)

T = temperature of compost bulk (° C)

E 5, = activate energy of compost bulk (J/mol)

R = universal gas constant (J/(model * K))

(2) The moisture content correction K oisure

Through experiments, the relationship between
microbial maximum specific growth rate and water
content in compost bulk is identified as follows.
When water content W is lower than the critical value
W, , which is essential for microbial growth,

=0,k =(0. When w is greater than w,,

moisture

kmoismre = H = M When w is greater than
max Ka + W
60%. K Y W— W, —W
> “moisture - .
max Ka + V\;:WZ - Wl

Here W, =60% and w, =80%

w is the optimum moisture and w; is the highest
moisture above which composting can’t carry out.

(3) The free airspace correction K .,

Free air space (FAS) is important in composting
processes, because it is correlated with oxygen
transfer. The FAS correction is given as (Hang, 1993).
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Model development Input variables

Output Coefficient

(Process kinetics analysis)
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ﬁ parameter

Mass conservation
Monod kinetics
water balance
energy conservation

Temperature, air flow
organic and inorganic
matter content, moisture
content, microbial mass, air|

Optimization simulation
model

Simulation MSW
Case study and
«— . <
modeling validation composting
processes

Figure 1. The process of developing simulation model for MSW composting

(4) The oxygen concentration correction kO2

Oxygen concentration could be limited by
diffusion the particle matrix of solid waste. Because
the effect of particle size is difficult to model, a more
simplified approach was adopted. Haug (1993)
assumed that particle sizes are sufficiently small to
avoid oxygen transport limitations and got a Monod-
type expression shown as follows to model oxygen
limitation.

_ ( Vol %Oz ] (9)

% | K, +Vol%0,

The Vol%0, is the percentage of oxygen in the
incoming air. Because the substrates are well mixed,
oxygen levels in the FAS between composting
particles should be in the same range. So, it is
assumed that the oxygen concentration in the FAS in
the vessel is the same as the residual oxygen
concentration in the exhaust gas. The half velocity
coefficient K is calculated through the relationship
between the velocity and the oxygen concentration in
the exhaust gas and get a value of 2.0%. In reality,
oxygen concentration will be considerably above 6%
to keep the reactor from becoming facultative or
anaerobic. But when particle thickness on the order of
1.0 cm would appear to present large diffusion
resistances that would tend to dominate the process
kinetics. So the particle correction should be
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concerned. Then the experiential equation is given as
follows.

0,
| Y0, (10)
K, +Vol%0, )

Where kpamde is an experiential coefficient (the
range is 0 to 1). The value of kpamde will be adjusted
according the composting particle size.

2.2 Conservation equation
2.2.1Mass conservation equation

Figure 2 shows the conceptual diagram of mass
balance of composting processes from time t —1 to
time t during an operation process. Microorganisms
( X)) take organic substance (S ) in solid waste as
nutrients for growth. Microbial activities also result in
the change of moisture (water content W ) in solid
waste. The mass balances are expressed as

ds dXx dw
E: t-1 9t szt—l_ t Tzwt—l -W;
where

S = the mass of organic substance (m)

X = the mass of microorganisms (m)

W = the mass of water in the reactor (m)
t = the time period (h)

St—l St

Xeo =21 5. ax, aw > X

Wt—l Wt
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Figure 2. Conceptual diagram of mass balance of composting
processes.

2.2.2 Water balance and moisture content
correction

There are positive relationships between water
evaporation rate, water content and rate of air supply.
The conservation equations of water in the reactor of
solid waste compost are as follows:

=dayr (n

dt

. 18 P
=0 (12)
22.4 py— Ps

where: (= flow rate of air supply (1*/h)
A = saturation ratio of vapour
M =mass of compost bulk, equals
S+ X +W+U, U is the humus content (m)
j = saturate water vapour content (kg/Nm?)
P = saturation vapour pressure (Pa)
Po = air pressure (Pa)
The relationship between saturation vapour
pressure and air pressure can be described by the
following equation (13)'

Py
— oxp(A——D_ 13
o0 =exp(A-—7) (13)

where A,Band D are experiential constants. Based
on Xi Beidou (2002), A =11.961, B=3993.7 and D =
233.9.

2.2.3 Energy conservation

Assuming the energy conservation is expressed by
thermal balance during solid waste composting
processes, energy conservation equation is presented
by equation (14) as follows:

T, dS d ds dX | (14
SCLNLL S T{qg kr, Mg 8 dﬂ( )

where:

C. = heat capacity of compost bulk (kJ/
(kg *+ C))

h,= heat quantity generated by unit dry organic
(kJ/kg)

http://www.sciencepub.net/academia

h, = potential heat of water evaporation (kJ/kg)

T = temperature of compost bulk (‘C)

T, = temperature of inflow air ('C)

q = rate of air supply (m*/h)

C,, = heat capacity of water (kJ/ (kg * 'C))

C, = heat capacity of air (kJ/ (kg * 'C))

C, = heat capacity of volatile organic

K = the thermal conductivity coefficient of
compost facilities (kJ/ (m*<h e C) )

F = total thermal dispersion area of compost
facility (m’)

On the left hand side of equation (14), ¢ .m (;T

is the heat quantity change due to temperature change

of compost bulk and h, (d78+dfx) is the energy

variation from microbial growth and organic
biodegradation process. On the right hand side,

dw .
h, o is the energy transported by water

evaporating and
(T, T)ch +KF-C dd_Vt\I_ (E+d—X)J is the

energy variation due to temperature change of air,
water, and volatile organic and system heat loss. The
thermal conductivity coefficient of compost facility is
calculated as follows:

Iy R 15
K—le LT (15)

710 7
where:
F, = total surface area of compost reactor
71 = the thermal conductivity coefficient
between outside wall of reactor and ambient
surroundings (kJ/ (kg * C))
¥, =the thermal conductivity coefficient
between inside wall of reactor and compost bulk (kJ/
(kg * C))
0 = the thermal conductivity coefficient of
reactor wall
L = thickness of reactor wall
3. Result Analysis
3.1 Pilot-scale experiment
A schematic diagram of the pilot-scale rotation
reactor is showed in Figure 3. The reactor was
designed to accelerate the composting process by
optimizing temperature and air flow, to verify the
results of simulation model. The modes of aeration
studied were up flow through PVC tubing filled gas
chamber below a fine mesh screen near the bottom of
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the reactor. Solid wastes temperature sensors were
used for temperature measurements. The leachate of
the system would be captured and recycled through
the chamber rotation. This not only prevents the
composts from drying out, but also prevents the
removal of any bacteria, microorganisms that are
essential to the process. Outlet vent installed an O,-
H,S measuring apparatus: MD-520E instrument and
CO, analyzer: LX-710.

4

Figure 3 Schematic diagram of experimental reactor. 1. main
body; 2. axis; 3. gas flow meter; 4. electromotor; 5. control
system; 6. air feedsystem; 7. temperature equipment; 8. gas
analyzer.

The initial moisture content of the compost
mixtures was around 60.0% (g H,O/g wet solids).
The organic substrate of raw materials was 35.0%.
Each pilot-scale composting tests was performed
according to the conditions of simulation model. At
the first time, the air flow was constant
at 0.02m’/ (h*kg) . At the optimum condition, air
flow was controlled and outlet oxygen concentration
remains between 10 to 18%. This air flow served an
additional service in keeping the reactor constantly
aerated.

The solid wastes around 150 g were sampled to
measure substrate concentration, moisture content,
volatile solids at three points in the reactor. Moisture
content was measured by oven drying at 101[ for 24
h until a constant weight was obtained. Volatile
solids determined by combusting
samples at 5500 for at least 6 h in a muffle furnace.
Total nitrogen content was determined using the

content was
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kjeldahl method while Carbon was determined using
TOC analyzer.

Composite samples are processed for microbial
count. The dilution plate is used to estimate the
number of actinomycetes, bacteria and fungi in the
samples. Mesophilic and thermophilic microbial
strains are obtained by plating samples taken during
composting progress in cultivating the plates at 30
and 607C, respectively.  Mesophiles  and
thermophiles are isolated and maintained on trytone
soy agar (TSA) and peptone agar (PA), respectively.
Isolates are obtained by streaking out all the colonies
of a spread plate within a sector containing 40
colonies. All isolates are tested for a number of
properties on identical media, at 30 and 60°C.

A basal agar (BA) contained 0.1% peptone
(Difco), 0.1% yeast extract (Difco) and 1.5% agar.
Test substrates were added to BA as follows: starch
(0.5%), gelatine (1%), carboxymethyl cellulose
(CMC, 1%), Chitin (swollen precipitated substrate,
30 ml/liter, and Tween 80 (1%) with CaCl, * 2HO,
(0.01).

3.2 Validations of Parameters

Coefficient and parameter
estimated from experimental data and the literature
(Hang, 1993). For example, For hydrocarbon
compounds, heat quantity generated by unit organic
in compost bulk, h; is 17.4 MJ/kg. For protein, h, is
234 Ml/kg. And for fat, h, is 39.3 MlJ/kg.
According to the composition of solid waste used in
pilot scale model, h; for organic substance in this
study is selected as 17.6 MJ/kg. Potention thermal of
water evaporation is 2.44 MJ/kg. Heat capacity of
water, compost bulk and air, ¢, c_and c_, are 4.2,
2.1 and 2.1 kJ/(kg' 1), respectively.

Under the condition of 55% water content, 60[1,
0.02m* (h « kg) air flow rate, microbial maximum
specific grow rate is 0.18 (1/h);k,=0.066; K, is
among the range of 0.02 to 0.07, in this study, Kk,
=0.04. For the pilot scale model, temperature of
compost bulk, T,, is 60[1 and activate engery of
compost bulk, E 4, is 29 kJ/mol.

values were

3.3 Validation Simulation model

Three scenarous are investigated with the
simulation model. The first simulation investigated
the interactions between substrate concentration,
microbial biomass growth, oxygen concentration
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temperature and moisture content within the
composter using a constant aeration rate. The second
set of simulations using the roatation composter set-
up, the aeration rate was controlled by the oxygen
concentration in outlet exhust gas.

3.3.1 Predicted composter performance for a
constant aeration rate

With developed dynamic simulation model,
variations of compost indexes, such as compost bulk,
organic components in compost bulk, mass of
microorganisms, water content and temperature in
the reactor and oxygen concentration in out air flow,
are listed in Table 1 . The data of Tablel showed that
most of compost indexes were decreased during the
composting processeses except for temperature and
mass of microorganisms. Temperature of compost
bulk increased rapidly at the early stage, then kept
stable. In the later stage of composting processeses,
temperature declined gradually and the oxygen
concentration in air outflow kept stable. It showed
that function of air supply in this period was mainly
cooling compost bulk. The mass of microorganisms
kept increasing during composting processeses. The
simulation results were consistent with the real
experimental results (Table 1 and Figures 4 to 7)
except that the error of temperature simulation was a
little bit high. Reduction rates of solid waste were
60.36% and 50.08% through numerical model
simulation and pilot scale experiments. Simulation
result of organic substance degradation was 27.1%,
while experimental result was 39.7%. Water content
decrease of simulation was 37.13% and experimental
result was 30.5%. The retention time of temperature
above 5501 was 156 hours for simulation result,
however, it was 72 hours for experimental result. The
reason of high temperature simulation error is
perhaps the heat loss due to incomplete insulative
reactor.

3.3.2 The aeration rate was controlled by the
oxygen concentration in exhust gas

The simulation result of variations of compost
indexes, are listed in Table 2. With developed
dynamic simulation model, Air flow was adjusted so
that outlet oxygen concentration in the exhaust gas
remained a proper range to optimize the aeration
costly. When the oxygen -concentration was
controlled the range from 10% to 18%, At the same
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conditions, the experimental results are shown in
Figure 8.

Comparison among simulation and experimental
results showed that the developed model could well
simulate solid waste composting processes.
Therefore, it could be used to instruct the design of
optimal operation. The developed model may be used
to simulate the efficiency and cost of compost
processes Snder different operation conditions. In
this study, tHe air supply approach was adjusted and
the developed model was then used to simulate the
compost efficiency. It was identified, when
composting pRocesses was on the way of
iNtermittent operation, startinG air supply when
oxygen concentration in air outflow lower than 10%
and stopping air supply wheN oxygen concentration
higher than 18%, composting processes was very
cost-effective. With this condition, running pilot
scale experiment results in consistent reduction rate
of organic substance (Figure 8). At the same time,
oxygen supply was reduced 40% so that the cost of
system operation was saved greatly. Thus, it is
necessary to optimize the aeration mode to enhance
the degradation rate of composting process and
reduce air flow.

3.4 Sensitivity analysis

A simple sensitivity analysis was performed to
evaluate the relative importance of selected model
parameters. The parameter values examined were
maximum specific growth rate z4,,,, half velocity
constants for both degradable substrate (K, ) and
oxygen (K, ), yield coefficient (Y ), initial biomass
concentration (Xy), initial moisture content (W0) and
temperature (Temp0). These parameters were run in
the simulation program and all other parameters were
set at their default values. Then each parameter was
decreased to 60%, 40% and 25% of its default value
and then increased by 20%, 40% and 60% of its
default value over a 10-day simulation period. As
each parameter was varied, all other parameters were
maintained at their default values. All parameter
values used are shown in Table 3. Results from this
analysis are shown graphically in Figures 10 and
Figures 11.
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Table 1. Simulation results with developed model

Time Total weight of Substrate  Microbial Water T () O, concentration in
(h) compost bulk (kg) (%) (%) content (%) out flow (%0)
0 100.00 35.00 1.00 55.00 22.0 20.90
24 97.65 33.94 1.97 54.87 53.88 17.79
48 88.73 33.34 4.18 52.34 67.54 14.77
72 79.64 33.10 6.68 48.92 67.57 15.08
96 71.28 32.74 9.58 45.05 67.15 15.53
120 63.85 32.23 12.86 40.81 66.45 16.04
144 57.44 31.53 16.44 36.36 65.47 16.59
168 52.09 30.60 20.22 31.90 64.12 17.15
192 47.76 29.47 24.00 27.69 62.25 17.72
216 44.40 28.18 27.57 23.97 59.35 18.37
240 42.36 27.21 30.07 21.47 47.53 19.64
264 41.39 26.62 31.39 20.25 37.23 20.19
288 40.80 26.23 32.23 19.48 31.85 20.40
312 40.35 25.93 22.89 18.88 29.08 20.51
336 39.97 25.69 33.44 18.35 27.37 20.58
360 39.64 25.51 33.91 17.87 26.11 20.64
_ 60 —&— Experimental results -§ 0
§ 50 —— Simulation results g 30
ERl g
=30 f \-\-\"‘-k-—-—- £ 20 |
g 20 | b é 10| —&— Experimental results
2 10 ¢ S —=a— Simulation results
0 <20 R
0 48 96 144 192 240 2838 336 0 48 96 144 192 240 288 336
Time (h) Time (h)
Figure 4. Comparison of simulation and experimental Figure 5. Comparison of simulation and experimental
results of water content results of substrate concentration
30 <2
~ 10 | = I
5 6 | é 20 w
g 50| EREN
£ g —— Experimental results
& 20 ¥ —e— Experimental results @ S5 —&— Simulation results
lg i ‘ —‘I‘—S‘im‘ula‘tior‘l re‘sul‘ts ‘ IS 0
0 48 96 144 192 240 288 336 0 48 96 144 192 240 288 336
Time (h) Time (h)
Figure 6. Comparison of simulation and experimental Figure 7. Comparison of simulation and experimental
results of temperature results of oxygen concentration
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Table 2. Simulation results under designed operation condition

Time (h) Total weight of Substrate Microbial Air supply Oxygen
compost bulk (kg) (%) (%) time (h) concentration (%)

0 105 33.33 0.95 0 20.90

24 102.67 32.34 1.85 12.90 14.67

48 93.30 31.65 4.0 36.90 14.94

72 83.44 31.43 6.45 60.90 15.22

96 74.35 31.11 9.33 84.90 15.64

120 66.25 30.63 12.61 108.90 16.13

144 59.24 29.95 16.25 132.90 16.65

168 53.37 19.03 20.15 156.90 17.19

192 48.62 27.87 24.12 180.90 17.73

216 4491 26.53 27.93 195.90 7.36

240 42.60 25.46 30.70 200.90 15.80

264 41.51 24.79 32.18 203.70 15.84

288 40.84 24.33 33.14 205.51 10.38

312 40.33 23.97 33.88 207.00 28.65

336 39.91 26.69 34.52 208.10 10.90

360 39.53 23.45 35.07 209.20 12.92

Table 3. Parameter values used in sensitivity analysis
. Percentage Change in Parameter analysis
Parameter Unit -60
-40 -20 Default 20 40 60

SO % 140 210 280 350 420 490 560

Wo0 % 220 330 440 550 660 770 880
TempO C 8.8 13.2 17.6 22 26.4 30.8 35.2

X0 g/kg 4 6 8 10 12 14 16
Hinax h! 0.072 0.108 0.144 0.18 0.216 0.252 0.288
Ke g/kg 9.6 14.4 19.2 24 28.8 33.6 384
Ko kg/m’ 0.017 0.0264  0.0528 0.066  0.0792  0.0924  0.1484
Y kgx/kgs 0.2 0.3 0.4 0.5 0.6 0.75 0.9
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Figure 8. Experimental results under designed operation

The output values examined were the total
material reduction (kg), the total percent reduction in
readily degradable substrate (A S, %) during the 10-
day simulation, the maximum biomass concentration
any time (Xup.x). The maximum compost
temperature (T, C) at any time, air flow quantity
and moisture content during the 10 day simulation. In
Figure 10 and Figure 11 the effects of changes in each
parameter value on these four outputs are shown. For
instance as varied from 0.072 to 0.288h", Xi.x
increased from 6.721 t010.141 (kg/m’).

The sensitivity analysis demonstrated that
several factors in the process (oxygen, biomass
concentration, temperature, and moisture) interacted
to control the rates of reactions. So, the interpretation
of the results was not always straight forward because
of these multiple interactions. For example, as Yy
increased, fairly large increases in X,,x corresponding
decrease in Ty, (Figures 10c and 10d). As ,
increased and K¢ decreased, Ty, (Figure 10 d)
increased; however, Xy, (Figure 10 c) and dS/dt
(Figure 10b) have little changed. The slightly higher
rates of substrate degradation at the increased iy,
values were terminated much earlier due to low
moisture levels. The decreased sensitivity of these
outputs was due to limits placed on the growth
process by the oxygen concentration, FAS, moisture
and temperatures. Even more pronounced interactions
were observed in the effect of increased . Or Yxs
on the total reduction in substrate (Figure 10b). The
total substrate degradation (22.6%)
occurred at the values of =0.18h"! and Yyx,5=0.6.

at

maximum
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As pmax decreased from its default value by 60%, a
decrease in X of only 50.2% occurred because growth
was inhibited somewhat by reduced oxygen levels,
higher temperature and reduction of moisture.
Similarly, a decrease in the maximum rate of
substrates gradation was observed, but it was
decreased by only 6.75%. The higher temperature
when pp.x was decreased 60% (68.2 vs. 60.1°C)
caused more rapid drying.

Changes in Kc or Ko had very little effect on the
Total materials reduction of composting (Figure 10a),
total substrate reduction (Figure 10b), maximum
biomass (Figure 10c) and maximum compost
temperatures (Figure 10d). Again, the air flow
quantity and 10-day moisture content were regulated
by changes in substrate and temperature levels.
Higher values of Kc and Ko or lower values in
slightly effect composting processes.

Changes in the initial biomass concentrations
(Xo) and initial temperature had extremely small
effects (Figures 10a through 11f) on the magnitudes
of the output values examined (less than 2%);
however, to different values of Xo, the times at which
the maximum values were achieved shifted. For
example, the maximum compost temperature
occurred at 108 h for X0=0.004 kg/m® and at 60 h for
X0=0.01 kg/m’.

Changing the initial moisture content (W0) from
22% to 71.5 resulted in major changes in all output
variables except maximum temperature which only
decreased from 69.2°C to 65.8°C (Figure 110 d).
However, the maximum temperature occurs in 240 h.
The effect of initial moisture content on the
composting processes is shown in more detail in
Figures 10f. Slighter high moisture content than
default provided more optimal conditions (Figures
11f) during the time periods when rapid composting
was occurring, but when it comes over 66%, the rate
of substrate degradation decrease. Particularly, when
moisture content is more than 71.5%, the composting
processes are impossible. As W0 decreased from its
default value by 60%, the total substrate use and the
Xinax are 2.123% and 0.0365 kg/m’, respectively. This
moisture depletion caused the durations of these
higher rates to be shorter and the total substrate
degradation was lower.
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4. Conclusions

In this study, a dynamic model was developed
to simulate composting processes of solid waste
based on the thermodynamics and kinetics of
microbial growth. The model provided an excellent
vehicle for explaining and demonstrating the
complex interactions which occur in the composting
processes. Variations of compost indexes, such as
substrate degradation, temperature fluctuations,
moisture exchanges, and oxygen concentration were
simulated for a readily composted input mixture. The
model could be used to optimize operational
parameters. For example, it was used to develop
different aeration regimes through controlling the
oxygen concentration in exhaust air to optimize the
composting processes and reduce the air flow.
Another component should be controlled is the initial
moisture content, the effect of initial moisture
content on the composting processes was significant.
If the initial moisture content was too high or too
low, it would reduce the rate of substrate
degradation. Particularly, when moisture content was
more than 71.5% or lower than 33% the composting
processes was impossible. The simulation result was
consistent with results of pilot scale experiment. It
was found that function of air supply in the later
stage was mainly cooling compost bulk. Developed
numerical model could be used to help identifying
more cost-effective  operation condition for
composting  processes.  Adjusting  operation
conditions through changing key factors, optimal
operation condition could be determined through
comparing the results of numerical simulation. In this
study, the optimal way of air supply was designed
with the help of numerical model. Real experimental
results showed that it could reduce 79.61% of oxygen
supply with the same compost efficiency. Therefore,
developed numerical model is of great significance to
instruct the operation of real composting processes
and reduce the operation cost.
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Abstract: There are many problems disturbing the scientists in the field of natural science. But Einstein focused his
thinking on searching for fields of unified gravity, electromagnetic force, strong force, and weak force, so he could
not take the lead in creating the Unified Field Theory to analyze which one is of greater quality, and what has
integrated all these forces to create new substances. As a result, creating the Unified Field Theory, its graphics and
formulas to clearly get to know the causes of nature and the ability of energy-change after movement is of vital
importance to the depiction and redesign of both evolution models of celestial bodies and all other things, so as to
benefit the humankind. [Academia Arena 2010;2(3):90-100]. (ISSN 1553-992X).
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