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Abstract

Let D be a one disconnecting arc space, f:D—D be a continuous map, in this work
we get:

1- If fis transitive map. Then the set of all periodic points is dense in D.

2- If f is transitive and has a point of odd period greater than one if and only if
is transitive and f has dense periodic points.

3- 2 is transitive and f has dense periodic points if and only if fis totally transitive
4- fis totally transitive if and only if f is topologically mixing.

5- If fis piecewise monotone Then f is topologically mixing if and only if for
every arc KED, there is an n such that f*n (K)=D.

Keywords
Periodic point, topological transitive, topological mixing, limit set, one

disconnecting arc.
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1. Introduction
A several authors have been studied the

transitive maps, periodic points and other
chaotic properties on one dimensional spaces
for examples (the circle, the real interval and
graph maps etc). In[ 1] Alseda, Kolyada, Llibre
and Snoha, (1990) studied if X is connected
and a compact topological space and if f a
transitive map with one disconnecting arc. In
[2] Sabbaghana M., Damerchiloob H. , (2011),
proved that it is not necessary to assume
that X is connected. In this research we will
generalize some of the results and theorems

on the new space.

2. Preliminary
Inthispaper, weprovethattherearerelations

between the transitivity and periodicity, also
the transitivity with topological mixing.

2.1. Definition [6]
The orbit of p is the set of points p,f(p),f2

(p)s-. ... And is denoted by orb(p)={f" (p) n€N. }
where N,=NU{0}.

A point p€X is a periodic point of f if
there exists a positive integer n € N such that
f* (p)=p . If p is a periodic point of period n
,then we say that orbit of p is a periodic orbit
of period n. It is called the period of f. We
denote the set of periodic points by per(f) and
the set the period of f is denote by p(f).

2.2. Definition
We say that D has one disconnecting arc

say J if J is an open subset of D homeomorphic

with an open interval of R and when Y is the
connected component of D which contains J,
then for all x in J the set Y -{x} has exactly

two connected components.

2.3. Definition
Let a,b€ED, we say that acb if a follows

counterclockwise to b .

2.4. Definition [3]
We say that the map f is transitive(Do) if

Ax€X such that the orbit {f" (x)[n>0} is dense
in X, thatis ({f" (x)n>0})=X.

2.5. Definition [4]
Let f:X—X be a continuous map , if f is

transitive , we say that f is totally transitive if

f*n is transitive for all integers n>1 .

2.6. Definition [3]

Let f:X—X be a continuous map, we say
that f is topological mixing if for every pair
non-empty open sets U and V in X, there exists
a positive integer n such that f* (U)NV#Q for
every k>n.

2.7. Definition [5]
Let X be a metric space, and let f:X—X

be a continuous map. The o -limit set of x€EX
, denoted by w(x,f), is the set of cluster points
of the forward orbit {f* (x)} _, of the iterated
functionf. Hence, yEw(x,f) if and only if there
i1s a strictly increasing sequence of natural

numbers {n, }, . such that f* (x)—y ask—oo.

keN
Another way to express this is o(x,f)=N__ ~{f*

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 15 -
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(x)[k>n} where A denotes the closure of the
set A.

2.8. Proposition [6]
A continuous map f:X—X of a compact

metric space into itself is transitive if and only
if there exists a point X€X such that o(x,f)=X.

2.9. Lemma [2]
Let X be a topological space and let f: X

— X be a transitive map. If X has a connected
component with nonempty interior, then
X has only a finite number of connected
components and they form a regular periodic
decomposition. That is,U_"" D, where for
each 0<i<n-1, D, is the closure of an open
set and for every 0 <i<j<n—1,D, ND,is
nowhere dense and for each positive integer
k, f* (D) < Di+k(modn)'

The set D= { D, , D,..., D_,} is called a

regular periodic decomposition for f on X.

2.10. Lemma [6]
If :X—X 1is a continuous map, then the

following statements are equivalent:

1) fis transitive.

2)for every non-empty open set W in X
,U_ " (W) is dense in X.

3) for every pair of non-empty sets U and
Vin X, there is a positive integer k such that
X (U)NV£0.

4) for every non-empty open set W in X
,U__ =7 (W) is dense in X.

S)for every proper closed invariant subset

of X has empty interior.

2.11. Theorem [2]
Let X be a compact space and let X have

a disconnecting interval . Let also f:X —X be
a transitive map. Then the set of all periodic
points of f is dense in X.

3.Main Result:
Some theorems and lemmas are proved,

we generalize the results of the spaces from R
to R to maps from the one disconnecting arc
space to itself :

3.1. Proposition
Let f:D—D be transitive map and the set

of all limit points of f of a point x in D is D
.Then exactly one of the following conditions
holds:

1) the set of all limit points of {s of a point
x in D is D, for every positive integer s.

2) there exist non-degenerate closed arcs J
and K with JUK=D and JNK={y} where y is
a fixed point of f such that f(J)=K and f(K)=J.

Proof:

Let r be an arbitrary integer and B =o(f*
(x), f") and for O<k<r. Since B UB U....UB_
=D at least of B, has nonempty interior.
Moreover since the orbit of x cannot folding
the arc to the a point. Since f(B, )=B,,, for
0<k<r and f(B,_)=B, ,
B.. We claim that if the interior of B, and B,
intersect then B,=B.. To see that suppose that

it follows that each

B°kﬂB°j;éQ). Then for some positive integer n
" (x)EBNB,

“ 16 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies
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It follows that B,EB. Since B, is f-
invariant and B =o(f*"*" (x),f') . Since k,j can
be interchanged.

Let A denote the collection of subsets of
D which are component of int(B,) for some
ke{0,...,r-1}. Then by Lemma 2.9 D has
n connected components. Since A is finite.
We may assume that has one connected
component say E . Then F = (E,) .So we have
B,=D for k=0,...,r-1 . Since fis transitive, then
by proposition 2.8 o(x,f)=D.

Now suppose that A have two connected
components E and E, such that F= (E))
and F= (E). Let y be a fixed point. If
yE€E ,E,. Then f(F )=F and f(F,)=F, which
1s impossible. If y cannot to be endpoint of
arc in D. The only possibility y is that y is a
common endpoint of F, and F,. Then f(F, )=F,
and f(F)=F . Thus we have (2) satisfy and
hence f* is not transitive. Since r is arbitrary,
this proves that (1) satisfied if f* is transitive
and (2) satisfied if is not.

3.2. Lemma
Let f:D—D be transitive.Then of the

following holds:

1) 22 is transitive in which f*(r+l) is
transitive Vr>1,1>0.

2) f2is not transitive in which case D= ({f>n
(x)neEN. U ({"'(x)neN.}) and ({f2n
(X)InEN PN ({1  (x)J]nEN _°})#@ and
fC ({fn (x)neN.}))= ({f#""' (x)In€N.}) and
O (x) [ neN. } )= ({Pn (0INEN.}).
Moreover VI>1, {fIn (x)[nEN,} is dense in
~({fn (x))n€N.}) and {f"'! (x)[nEN,} is dense

in ({f*"! (x)[]n€EN.}).

Proof:

Let r be an integer, r>1and for each integer
s ,0<s<r-1, let B= ({f™* (x)[n€N.}). Then
since U_"' {f"* (X)In€EN.}={f" (X)[nEN.},
this implies that U _ ! B =D. Then there is an
s 0<s<r-1, thus B #@ . Since fis transitive, so
by Lemma 2.9 D=U_"' B, for each 0<s<r-1
and V 0<i,j<r-1, BiﬂBj 1s nowhere dense and
for each positive integer k, f (B)EB_, .

Now we must prove that if BN BJ.“;é(Z),
then B = B/’

If Bi°ﬂBj°;é® , then there is a positive
integer n , so that P““(x)EBi"ﬂBj", and there is
a sequence n ,n,,n,,...of positive integer such
that f %™ (x)—f ™" (x). Then for every integer
m>0 we have o™ (x)—fiom (x),

This implies that — ({f ™" (x), f @m™* (x),.})
< B, and hence that BB U {1 (x), f™(x),...,
f@b (x)}. Then BcB. In the same way we
can prove that BecB;’, and so B/=B".

Let h be a component of B’ such that
H={h|for some s,0<s<r-1} . Since D has n
of components. Then H={h, h,, ..., h }. Let
F=(h). Since h, is finite, and so F, is finite
and hence the set {F, F, ..., F } is finite . By
transitivity , we get the set {F, F,, ..., F } is
permuted by f. We next prove that n<2. Let p
be a fixed point of f. If penF, then f(F)=F,
which is impossible unless n=1 . In the same
way, if p is an endpoint of D, then n=1. If
p is a common endpoint of F, and F, , then
f(F)=F, and f(F )= F, which is satisfied only if
n=2 . Notice that the integer n depend on s. It

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 17 -



Iftichar Al shraa and Alia>a Hussein

Vol. 10, No. 19 and 20, P. (13-21), Sept., 2019

follows that we will refer n as n(r).

Now we satisfy the conclusion of the
Lemma, so we first suppose that f> is
transitive. Let r be an integer, r>0 and suppose
that n(r)=2. Then there are closed arcs F and
F with F UF =D, F NF ={pt}, f(F)=F, and
f(F)=F,.

Suppose that X€F,, we see that, for each m,
f"m (x)€F, and hence {f*" (x)[n€N.}NF #0.
Which is contradiction with the fact that
f"2is transitive, and hence n(r)=1 . Then
Vs,0<s<r-1, B= D. Then ({f™"(x) | nEN.})=
D and so f™is transitive. This implies that for
any integer 1>0, ™! is transitive.

Nextsupposethat f2isnottransitive. Letr=2.
Since f2 is not transitive B.#D and so n(2)=2
.Now let j be an integer, j>1.Then for each
integer k, {f"* (x) | nEN,} € {**(x) | neN.},
and since ({f’n (x) | neN, } )# D, we have
n(2j)=2.

Since the common endpoints of F and F,
is the only fixed point for the map f.Then the
arcs F and F, which we construct for r=2j are
independent of j. Since by assumption x€F,,
we have F= ({fn (x)|neN.}), F,({ferD
(x) | neN,}) for each integer 1>1, ({f’In
(x) | nEN.})=F, and " ({f*In (x) | neN.}) =F .
This establishes the Lemma.

In the same way the proof of Theorem
2.11, we can prove that the next Theorem:

3.3. Theorem
Let f:D—D be transitive map. Then the

set of all periodic point is dense in D.
3.4. Theorem

f2 is transitive and f has dense periodic
points if and only if for each arc K in Dand
each pair a, beD’, there is an integer M such
that n>M then [a,b]cf" (K).

Proof:

Suppose that f 2 is transitive and f has a
dense periodic points. Let K be an arc in D.
Since the periodic points of fare dense, there
is a periodic point qEK".Suppose that q has
a periodic point of period j. Let g=f J. Let
E=(U_~ g" (K)) .Then E is a closed arc.
Let zeK’such that {f *n (z) | neEN,} is dense
D. Then f 2 is transitive .Thus from Lemma
3.2, we get {g" (2) | n€N,} is dense in D. This
implies that g is transitive. Hence E=D.

We will prove that if q is aperiodic point
such that orb(q)cDe, then there is an integer t
such that orb(q)cf(K)".

To see that, suppose that q is a periodic
point with period 1 and orb(q)cDc. Let
p,€orb(q) such that p, is the nearest point of
begin point of D and let p,€orb(q) such that
p, is the furthest point of begin point of D.

Suppose that p #q . Since U _* g" (K)=D’
, there is an integer r such that [p ,q]=g’ (K).
Let h=g® and observe that h' (p,)=p,, h' (q)=q.
By Lemma 3.2, there is a point yE[p,, q] such
that {h'n (y)[n€N.} is dense in D, and hence h'
1s transitive.

Therefore there is an integer r such
that p,&h'r (y). Then we have h'r (q)=q, h'
r (p,)= p,, and p,=h'r (y). This implies that
orb(q)c[p,, p,J=f'r (K). Thus for r=Lr.s.j, we
have orb(q)=f' (K). Then if r>t, orb(q)cf " (K).
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Now suppose that a,b€D’and that acb. Let
cand d be periodic points such that [a,b]C[c,d]
and orb(c)Uorb(d)cD°. Then there are a
positive integer r and r, such that orb(c) c "
(K) and orb(d) cf »= (K) .Let N=max{r, r,}.
Then if n>N, [a,b]C[c,d]cf (K).

Suppose that for each arc K in D and each
pair a,b€De, there is a positive integer N such
that if n>N, then [a,b]cf" (K). We must prove
that f is transitive. Let U be an open arc in D,
and let x€U. We will prove that U__* " (x) is
dense in D . If not, there is a closed arc K such
that KNU__* " (x)= @. But by the condition,
there is a positive integer k such that xef*(K).
Hence, there is a point yEK such that f*(y)=x
. Then yeKNU_(n=0)* £ (x). Thus U__ ™
(x) is dense in D. Since x€U, and so U__* f*
(U) is dense in D. Then by Lemma 2.10 f is
transitive. Since f is transitive . Then there is
a point y€D such that {f" (y)[n€EN,} is dense
in D.

If £2 is not transitive. Hence {f’n (y)[n€EN.}
is not dense in D, then this implies that there
are closed arcs F, and F, in D such that
F UF =D, F NF ={pt}, f(F )=F, and f(F,)=F.

Let a€F ", b€EF ‘and let K be F,. Then for
each positive integer [a,b]&f ™ (K).This is
contradiction the assumption that [a,b]cf"
(K). Since f'is transitive, then by Theorem 3.3
f has dense periodic points and hence f? has a
dense orbit .This implies that f 2 is transitive
and this is establishes the theorem.

3.5. Theorem
If £2is transitive and fhas a dense periodic

points then f has a point of odd period.

Proof:

Let K and L be arcs in D such that KNL=0@.
Then by Theorem 3.3, there is a positive
integer N such that if n>N, then (KUL)cf"
(K)Nf* (L). Let r be a positive integer which
is prime and larger than 2N+2. Let i=((r-
1))/2,j=(r+1)/2.Then i>N,j>N, and i+j=r.

Now, since Kcf' (L), thereisanarc L of
L such that ' (L, )=K. Then L cfi(K)=f" (L,
)=f"(L,). Then there is a point yEL such that '
(y)=y. Since y€L , f! (y)EK,and KUL=0., this
implies that f(y)#y.Since r is prime we have
the period of y is r. This establishes Theorem.

In [7] coven proved that the following
theorem for maps from R to itself. We will
generalize the same theorem to maps from D
to itself.

3.6. Proposition

Let f:D—D be a continuous map .Then f'is
transitive and has a point of odd period greater
than one if and only if f? is transitive and

has dense periodic points .

Proof:

Suppose that f'is transitive and has a point
of odd period greater than one. Since f is
transitive. Then by Proposition 3.2 , f 2 is
transitive and by Theorem 3.5 f has a dense
periodic point.

Now Suppose that f2 is transitive and f has
a dense periodic point. Since f? is transitive .
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Then by Definition 2.4, fis transitive .Since f>
is transitive and f has a dense periodic point.
Then by Theorem 3.4 f has a point of odd
period.

3.7. Proposition
Let f:D—D be a continuous map. Then f2
is transitive and f has dense periodic points if

and only if f is totally transitive map.

Proof:

Suppose that f 2 is transitive and f has a
dense periodic point. Then by Proposition 3.2,
f ™ is transitive for every n>0 and hence f is
totally transitive.

Now Suppose that f is totally transitive.
Then by Definition 2.4 f? is transitive and by
Theorem 3.5f has dense periodic points.

3.8. Proposition
Let f:D—D be a continuous map, f is
totally transitive if and only if fis topologically

mixing.

Proof:

Case (1): To prove the topological mixing
map imply the totally transitive

Assume that f is topologically mixing.
Then By Definition 2.4, for every pair of non-
empty open sets U and V in X there exists a
positive integer n such that £ (U)NV#@ and
Definition 2.8 implies, there exists a positive
integer n such that £*(U)NV#Q for every k>n
. Hence f " is transitive for every n>0 and so f
1s totally transitive.

Case two (2): suppose that f'" is transitive
for every n>0 imply the topological mixing
map . Since f " is transitive for every n>0
.Then f % and f are transitive .So by Theorem
3.5 fhas a dense periodic point. Thus by proof
of Theorem 3.3 fis topologically mixing.

3.9. Proposition

Let f:D—D be a continuous map and f is
piecewise monotone, f is totally transitive if
and only if for every arc K€D, there is an n
such that f*n (K)=D.

Proof:

Assume that fis totally transitive. To prove
that for every arc K€D, there is an n such that
*n (K)=D. We have two cases:

Case one: there is an arc LED”°such that
22 (L)=D . If K is an arc such that KED .
Then by Proposition3.7 , {*2 is transitive and
f has dense periodic points and by Theorem
3.3, there is an n such that LEf*n (K). Thus
\(n+2) (K)=D.

Case two :assume that f> (L)£D for every
arc LED”°. Let e, be start point in D and e,
be endpoint in D. Since f is onto, either {*(-1)
(e)E{e,e,} or f' (e)E{e,e,} . This implies
that either 2 (e,)={e,} or f* (e))={e,}. We
assume the former. Let q be the smallest
turning point of 2. Then > has no fixed points
in (e,,q) and y=f* (y) for every y€(e,,q). (If not,
then yef* (y) for every yé€(e,,q), and hence
[e,.q] is f-invariant). But f* [q,e,]<[m,e_ ] for
some m> 0 . Thusf"2n [q,e,]<[m,e, ] for every
n > 0, contradicting the assumption that f* is
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transitive.

Now suppose that for every arc KED, there
is an n such that " (K)=D. Then immediately
f is totally transitive.
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Abstract

Modified Williamson-Hall (W-H) models were employed to estimate the
changing of the microstructural parameters of Fe2O3 thin films with increasing
annealing temperature (Ta). These models areW-H-anisotropic strain model (W-H-
ASM), W-H-isotropic strain model (W-H-ISM) and W-H-energy density model
(W-H-EDM). To calculate crystallite size, Scherrer equation and its modified
equation were used. Also crystallite size, lattice stress, strain, dislocation density and
deformation energy density have been determined by these models. By increasing
Ta, crystallite sizes were increased according to all models. Three modified (W-H)
models were used to calculate strain, it was negative and its values increase with
Ta. According to W-H-ASM and W-H-EDM stress, dislocation density and lattice
strain energy density reach minimum values when the temperature reaches (500)
°C.

Keywords
Peak Profile, annealing, Fe203, microstructural parameters, Williamson-Hall

models.
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1. Introduction

Fe,O, is a metal oxide has many uses [1].
In thin films field, Iron oxide has several appli-
cations. Due to its small energy gap and high
absorption coefficient it is utilized as solar
cell [2]. Fe, O, thin film is being used in flam-
mable gas sensing due to its fast response [3].
This material is easy to fabricate, non toxic,
high chemical stability, has environmentally
friendly properties, high corrosion resistance
and low cost [4]. To expand the applications
of Fe,O, thin films its useful to estimate the
microstructural properties of these films. X-
ray peak profile analysis (XPPA) is important
analytical method to verify this estimation. A
wealth information like crystallite size, dis-
tribution of the phases in the material, strain,
stress and other properties are extracted from
diffraction lines of crystalline materials [5].
The aim of this contribution is applying W-H
models to estimate microstructural parameters

of annealed FezO3 thin films.

1.2. Theory

Bragg peaks are affected by two criteria:
changing peak width or shifting peak posi-
tion. From XPPA there are different models
to measure crystallite size, lattice strain, stress
and imperfections. The first model is Scherrer
model by which crystallite size is calculated
using the following equation [6]:

Crystallite size= kA /B, cosO,, (1)

Where (k=0.9) is the shape factor, A=

Mustafa Shakir Hashim, Amira Jawad Kadhim, Reem saadi Khaleel, Esraa Akram Abbas

(0.154056) nm is the wavelength of X- rays
for radiation of Cu Ka , in radians B, is the
widening of the hkl diffraction peak measured
at half of its maximum intensity. To estimate
more accurately nano-crystallite size; Monshi
et al. utilized modified Scherrer equation us-
ing XRD [7]. The following equation is used
to minimize the sources of errors by using the
data from all of the available peaks.

In B=In kA/L+In 1/cos0, | (2)

Where L is crystallite size.

The second model used to calculate lat-
tice strain and crystallite size is (W-H-ISM)
model. By assuming that the strain present in
milled fishbone is isotropic; the W-H-ISM for
complete widening is given by

B, cosb, =KkA/L+4e sinf, 3)

Where ¢ is strain value. If the strain is
small and in all crystallographic directions
the lattice deformation stress (o) is uniform,
equation (3) can be modified as following

cost, =kAL+4o sinb, /E_, (4)

hkl
Where E is Young’s modulus. In hexago-
nal crystals; the crystallographic direction de-
pendent E, is given by the next equation [8]:
E = ([h*+ ((h + 2k)*)/3 + (a/c)]) /
(s,,(h*+ ((h+2k)?) /3)*+ s (a,/c)* + (25 ,ts
(h*+(h+2k)*/3) (a,/c)2)

44)

(5)

Where common elastic compliances for hy-
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droxyapatite are s, = (7.49*10"%), s = (-4*10°
%), 5,,= (10.9*10) and s,,= (15.1*10") [9].
If extracted hydroxyapatite is not homo-
geneous isotropic in nature equation 3 is no
longer correct to use. Also if lattice strain en-
ergy density (u) is taken into account, propor-
tionality constants of stress-strain relation are
no longer independent. By using Hook’s low
equation 3 will be modified as following

Bhk] Cosehklsz/L+4[SinO (2/E. )"*Ju?  (6)

hkl hkl

Dislocation density (p) can be defined as
the length of the dislocation lines per unit vol-
ume of the crystal [10]. The following equa-
tion is used to calculate p.
p=(12"2<e*>?)/(d L) (7)
Where < > is root mean squared strain,

d interplanar spacing.

2. Experimental part:

On preheated glass substrates, Fe O, thin
films were deposited. The optimum deposi-
tion conditions were: the spraying time Ss,
temperature of substrate (200) °C, distance
between nozzle and substrate was (30+1)cm
and filtered air was carrier gas . As a precursor
of Fe; the powder of FeCl .6H,O (1.6221) g
dissolved in (100) ml distilled water. By us-
ing magnetic stirrer for (30) minute, complete
dissolving of powder inside water was done.

The equation of decomposition is

2 FeCL*6H,0=6 HCI+9 HO +Fe O, (8)

Mustafa Shakir Hashim, Amira Jawad Kadhim, Reem saadi Khaleel, Esraa Akram Abbas
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The thicknesses of films were estimated
by weight method, its’ average was (450+20)
nm. To determine the orientations of Fe O,
miller indices; Shimadzu X-ray diffractom-

eter 1s used.

3. Results and discussions:

XRD patterns of as deposit and annealed
Iron oxide thin films are shown in Fig. (1).
In spite of the beginning of formation peaks
along (104) and (110) directions, as deposit
Fe,O, sample has amorphous structure. After
heat treatment, there 1s
a transform to polycrystalline structure with
dominant peak (104). Annealed samples have
hexagonal phase according to standard card
(JCPDS) with number (00033-0664). With
increasing of Ta the sharpness of all peaks in-

Creascs.

(104) 500 degree
400 degree
300 degree
As deposited

WMWWUWwMW
MMM 1 A st i,
‘ Ik

20 30 4026((]::)) 60 70 80

ity(a.u.)

nrens

F ¢

Fig. (1): XRD of as deposit and annealed samples
Equation 2 is used to draw Fig. (2) and
then calculate corrected crystallite size.

500 degree
400 degree
a . .
300 degree
o

As deposited
B e s

:'__c_.__.

0.02 0.04 0.06 0.8 0.1
In(l/cos®

012 014 0.16

Fig. (2): Application of modified Scherrer equa-
tion to find corrected crystallite size.

“ 26 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 10, No. 19 and 20 P. (23-31), Sept., 2019

Fig. (3) illustrates the variation of crystal-

lite size and corrected one as a function to Ta.

25

20

15 Corrected Scherrer's equation

Scherrer equation

10

Crystallite size(nm)

200 300 400 500 600
Annealing temprature(°C)

Fig. (3): Annealed crystallite sizes by using Scher-
rer equation.

Fig. (4) illustrates W-H-ISM plots for as
deposited and annealed samples.

0.02 500 degree
d o
0.0175 Linear fit 00 eglAee
— Yiso =- 0.0008*x+0.006; R=0.1539381 |00 degree |
E . @oo) == 0.0035%x+0.0091; R=0.3774 As deposited
= s Yo =- 0.00175%+0.0107: R=0,05540241
& Yias deposited) = - 0.0083%x:+0.0169; R*=0.8317

0.75 1 1:25 15 175 2, 225 255
4sin®(hkl)

Fig. (4): W-H-ISM plots of annealed samples

Fig. (4) 1s used to calculate strain and crys-
tallite size according to W-H-ISM model; i.e.
using equation 3. The results of this calcula-
tion are drawn in Fig. (5). W-H-ISM model
is simple technique used to separate between
strain induced and size induced peak broad-
ening as Fig. (5) show. Decreasing the total
grain boundary energy produces grain growth

due to the reductions of free energy [11].
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Fig. (5): Determined crystallite sizes and strain
(W-H-ISM model).

In the range of current heat treatment
the strain decreased with temperature and
all strain’s values are negative. The lattice
strain is negative when crystal lattice is un-
der the influence of compressive forces [12].
The model considers the anisotropic nature
of the crystallites is called W-H-anisotropic
strain model (W-H-ASM). Fig. (6) Shows
B cosO, ,

stress and crystallite size. Fig.(7) illustrates

versus 4sin 0,/ E, to calculate

the effect of Ta on stress and crystallite size

After calcina-
tion; the increase of crystallite size in Fig. (7)
can be attributed to the reduction of defects
such as dislocations that may appear in differ-
ent ways [13].

0.02
Linear fit 500
Yooy =-0.001%x+0.0059; R=0.13184 400
5 0.016 Yoo =-0.0061%x+0.0101; R>=0.5962 300,
= Yo =-0.011x+0.0154 ; R==0.8203 As deposited
© e Yas dopositad) = -0.0142%x+0.018; R=0.7676 ==X
% 0.
©
]
©.0.008 $
©
0.004 L °
- B
X
0.4 0.6 0.8 1 12 1.4
@sin®ur/Enrg) *101

Fig. (6): W-H-ASM plots of annealed samples.
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creased stress fields may associate with the

g 30 - 1400
E 20 » reduction of the dislocations that decreased
RS g with heat treatment.
= -0 ;zu Table (1) illustrates calculated strain us-
2 10 < . .
2o o= - "‘°° ing the values of stress (calculated from Fig.
6) and E_, (for different Millar indices). The
200 ) 300 400 500 (hkl)
Anncaling temprature(°C) strain values for annealed samples at (500) °C

Fig. (7): Calculated crystallite sizes and stress (W-
H-ASM model).

The stress reaches minimum value when
the temperature reaches (500) °C. The de-

are decreased to approximately one tenth that
of as deposited sample. So to remove the stress
and strain from milled fishbone heat treatment
at (500) °C is appropriate choice.

Table (1): Strain value according to W-H-ASM model.

(e=c/E.,) *1073
Millar indices E,y, *10"

As deposited °C 300 °C 400 °C 500
(012) 1.38 -102.899 -79.7101 -44.2 -7.2
(104) 1.38 -102.899 -79.7101 -44.02 -7.2
(110) 1.63 -87.1166 -67.4847 -37.4 -6.13
(006) 0.917 -154.853 -119.956 -66.5 -10.9
(113) 1.63 -87.1166 -67.4847 -37.4 -6.13
(024) 1.63 -87.1166 -67.4847 -37.4 -6.13
(116) 1.63 -87.1166 -67.4847 -37.4 -6.13

W-H-energy density model (W-H-EDM) is used to calculate the strain when the lattice
strain energy density u is considered. Fig. (8) shows W-H-EDM plots.
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- e Calculated strain in Table (2) by this model
. O 0 3:3: is decreased with temperature but with fewer
g; 0.009 2EWL | rates than that obtained by W-H-ASM model.
E 0.006 Strain is minimized when smaller structures
0.003 ° : = attach each other to form larger crystallite. It
% 7 i z X, » 1s worth to mention that surface potential is

4sin®mkH* (2/Emky) %> *10°¢

affected by the variation of strain due to its ef-
Fig. (8): W-H-EDM plots of annealed samples.  fect on bond lengths and angles [14].

Table (2): Strain value according to W-H-EDM model.

e=2u/E,, )" *107)
Millar indices E . *10"
As deposited °C (300) °C (400) °C (500)
(200) 1.63 -54.87 -45.646 -39.058 -25.901
(002) 0.917 -73.156 -60.857 -52.073 -34.532
(210) 1.59 -55.556 -46.216 -39.546 -26.225
(211) 1.56 -56.09 -46.658 -39.924 -26.476
(300) 1.56 -56.09 -46.658 -39.924 -26.476
(301) 1.51 -57.011 -47.425 -40.580 -26.919
(222) 1.52 -56.82 -47.268 - 40.446 -26.822
Fig. (9) illustrates the relationship be- -
. . 2 6000 <« — -
tween deformation energy density and crys- |2~ -
£ 5000 5
tallite size as a function to Ta. The heat treat- éi " -
ment reduces the lattice strain energy density %? - Q
to its minimum value when the temperature §§ _— v 13
reached (500) °C; this behavior might due to 8 1 -
the ability of atoms to take their equilibrium e i
Annealing temperature(°C)

positions at this temperature. We have seen
that the crystallite sizes still increase with Ta,  Fig- (9): Deformation energy density and crystal-
. . . .. lite si Ta.

this confirms the improving of crystallinity of e ste versts 1a

films with annealing.
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The dislocation density is defined as the
length of dislocation lines per unit volume.
From the theoretical point view a disloca-
tion within the crystal is a defect or a crystal-
lographic irregularity. The defects inside the
crystal have direct effect on the characteristic
of the formed crystal [16].

.Fig. (10) shows the relationship between
dislocation density and Ta
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Dislocation density* 10"+
(Lines/m?)

—

200 300 400 500

Annealing temperature (°C)

Fig. (10): Dislocation density versus Ta.

Dislocation density decreases to low value
as Ta increases. So crystals with smaller dis-
location density were less hardness. The for-
mation of multiple linear defects specially
dislocations which produce high dislocation
density regions in the grains piling up irreg-
ular clusters into grains [15].

After X-ray diffraction line profile analy-
sis of nano BaSr. Fe. TiO, prepared by solid
state method; Reenu Jacob and Jayakumari
Isac confirmed that crystals of this material
with larger dislocation density were harder.
Also they found that the dislocation density
increases while crystallite size decreases with
increasing strain [16]. In current work; in-
creasing of Ta produces larger crystallite size

and smaller dislocation density.
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The fundamental Bragg reflection can be
effected by point defects (their effect on peak
profile is called Huang scattering) and by dis-
locations. The first factor has short- range field
order and the second has long- range order field
[17]. The effect may appear as a shift in peak
shifts (like planar defect) or peak broadening
and peak shifts simultaneously (like stacking
faults). Dislocation always present as a major
component of lattice defects or as the only lat-
tice defect present inside crystal lattice [14]

4. Conclusions:

I- In a reasonable approximation; the W-H
models can be used to calculate micro-
structural parameters such as lattice defor-
mation stress , lattice strain, and lattice
deformation energy density.

2- To remove the stress and strain from Fe, O,
thin films heat treatment at (500) °C is ap-
propriate choice.

3- Dislocation density decreases to low value
as Ta increases.

4- The structure of Fe,O, can change from
amorphous to crystalline by increasing
oxidation level during annealing process.

5- The present analysis can be used for under-
standing the stress and the strain present in
the thin films through annealing.

6- The three modified forms of W-H analysis
were helpful to define the crystal perfec-

tion,

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 10, No. 19 and 20 P. (23-31), Sept., 2019

Mustafa Shakir Hashim, Amira Jawad Kadhim, Reem saadi Khaleel, Esraa Akram Abbas

References: Chemical Studies. 2(5),12-21, (2015).

[1] P., Mallick, and B. N. Dash. Nanoscience and [17] H.Trinkaus, Phys Stat Sol (b). 51,307-19,(1972).
nanotechnology. 3(5),130-134, (2013).

[2] J.H.Kennedy, and D.J.Dunnwald. Electrochem.
Soc. 130 , 2013-2016,(1983).

[3] K.Siroky, Jana JireSova and Lubomir Hudec. Thin
Solid Films. 245(1-2), 211-214, (1994).

[4] T.Hahn, Nathan, Heechang Ye, David W Flaherty,
Allen J Bard and C Buddie Mullins. Acs Nano. 4
(4),1977-1986, (2010) .

[5] E.J. Mittemeijerv, and U. Welzel. Z.Kristallogr.
223, 552-560, (2008).

[6] S.Vives, E. Gaffet, C. Meunier. Materials Science
and Engineering. A366,229-238,(2004).

[7] A.Monshi, M. Reza Foroughi , M. Reza Monshi.
World Journal of Nano Science and Engineering.
2, 154-160,(2012).

[8] Y. Taraka Prabhu , K. Venkateswara Rao, V. Sesha
Sai Kumar , B. Siva Kumari. World Journal of
Nano Science and Engineering. 4, 21-28, (2014).

[9] D. E. Gray, American institute of physics
handbook, New  York McGraw-Hill Book
company,(1972).

[10] B.E.Warren, E.P. Warekois. Acta Metallurgica 3,
473-479,(1955).

[11] H. Zhang, B. Chen, and J.F. Banfield. Phys
Chem. Chem. Phys. 11, 2553-2558, (2009).

[12] H. Zhang and J.F. Banfield. J. Phys. Chem. B
104, 3481-3487, (2000).

[13] S. Miraghaei, P. Abachi, HR. Madaah-Hosseini,
A. Bahrami. J Mater Process Technol.203(1-3),
554-60, (2008).

[14] T. Ungar, J. Gubicza , G. Ribarik , C. Pantea, T.
Waldek Zerda. Carbon 40, 929-937, (2002).

[15] S.Sivasankaran, K. Sivaprasad, R. Narayanasamy

and P.V. Satyanarayana. X-ray peak broadening
analysis of AA 6061100 — x —x wt.% AI203
nanocomposite prepared by mechanical alloying.
Materials characterization 62 (2011)661-6
72.

[16] R. Jacob and J. Isac. International Journal of

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 31 -






Vol. 10, No. 19 and 20 P. (33-44), Sept., 2019
Isam Mohamad Ali

Gasification Ash Effect on the Strength and Durability of
Reactive Powder Concrete

Isam Mohamad Ali
Karbala Technical Institute, Al-Furat Al-Awsat Technical University, Karbala, Iraq.

Received Date: 5 /2 /2018
Accepted Date: 5 /7 /2018

Lo

Lo dalbl 50Vl e ol Yl dales s 0L sl slaud o adl doess 5 natl Bl A i slie ool
il BUS) 58 (5ol Al ) 0l oot I BB OIS Bl A Lsi]y s s SO 5 Aald e
Al G Ll Bl 5 Y el e 3y Blas 838 LW o) a2 e (65150 JI il
Gl Bl 2 LGS ol 5l sl s agd U1 ol ol 0 e pogtll s o gLkl Slo yom oy 2
s e Ty (56528) el ials o5 Jal 2o all 5 ALadl

LNl doslie Je e b & aly e 35S (W13l plaseanl O Sl yomill s o gl
ALl i g Ty f il oda s Iz g (107) 3 3 Dbaddl G Ll Bl & a2Vl
oo ddle 515 ol ol Dadl Gl Ble 5= o 05 0f (S 32U Ble A deslies Lol S5e
LYl sl ST Gl el ) s b gmenas 055G ol N sl 5 O silll-al 20V

3.?-\.':.5“ Quﬁ‘
s gauddl s s gLl Wlio b Al G- Ll Sl > chjUJ\ s Ml olale

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 33 -



Vol. 10, No. 19 and 20 P. (33-44), Sept., 2019
Isam Mohamad Ali

Abstract

The resistance of concrete to damage due to freezing-thawing and acid attack
has become an increasingly important factor to be considered in both mix concrete
design and its placing and curing techniques. In this study, the primary goal was
to investigate whether a gasification ash GA from Al-Mussaib electrical power
station can be used as a supplementary cementitious material in reactive powder
concrete RPC. Strength and durability tests were conducted in order to get a good
understanding of the mechanical features of concrete exposed to severe conditions
at (28) and (56) days respectively.

The results of the experiments show that the use of gasification ash as a
supplementary cementitious material has a positive effect on both compressive
and splitting strength development of reactive powder concrete up to (10%) of
replacement. Above (10%) gasification ash has no further increase in the strength
of concrete. The exposure to higher cycles of freezing-thawing and larger
concentrations of acid attack have higher detrimental effect than those of lower

concentrations.

Keywords

Gasification ash, reactive powder concrete, strength, durability.
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1. Introduction

In the last ten years, reactive powder con-
crete has been widely used in heavy structures
as strength and durability are considered the
most important factors for designers. There-
fore, controlling the ingredients and surround-
ing environment of concrete is important to its
serviceability. Moreover, it is well known that
using waste materials in the manufacturing of
cement based materials and concrete is an op-
portunity to reduce its environmental impact
[1-2]. This was due to the growing knowledge
of the engineering of the economic and eco-
logical benefits that the use of waste materials
have in both: cement and concrete composites
[3].

In high performance concrete, a part of
Portland cement is replaced by pozzolanic ad-
mixtures such as metakaolin, fly ash, etc. [4].
After that, the strength and durability of ce-
ment based composites were improved due to
reducing the number and size of micro pores
[5]. Further, the components of fly ash vary
considerably depending upon the source of
the coal being burned. Silicon dioxide (SiO,)
(both amorphous and crystalline), aluminum
oxide (AlLO,) and calcium oxide (CaO), the
main mineral compounds in coal-bearing rock
[6].

Kumar et al [7], has investigated the use
ash from burned wasted wood as partial re-
placement of cement. They mentioned that,
the pozzolanic activity index was (75.9%)and
itis noticed that (10 %) replacement of cement
with sawdust ash shows the desired workabil-

ity and strength. Abdulabbas [8], examined
sustainable industrial waste materials (cement
kiln dust) as partial replacement of cement. It
was found that the replacement of up to (20%)
(CKD) by weight of cement has a negligible
effect on strength of concrete. Karthick and
Nirmalkumar [9], studied the properties of
controlled low strength material made using
industrial waste incineration bottom ash and
quarry dust. These wastes must be properly
managed and disposed without causing any
harmful environmental effects. Solanki Y.
and Pitroda [10], studied the use of paper mill
sludge ash (PA) as supplementary cementi-
tious material. On the basis of data collected,
they concluded that PA showed a positive ef-
fect on the strength of mortars if used to re-
place up to (10 %) of Portland cement.

It has been known that cycles of freezing
and thawing had detrimental effects on the
structure and durability of concrete [11]. In
addition, the effects of damage due to freeze-
thaw action include cracking, loss of stiffness,
increased permeability and eventually scaling
and spalling. The most widely accepted hy-
pothesis for the damage caused by freezing
and thawing on concrete is that proposed by
Jang et al [12]. They found that water expand
(9%) when it froze at (6) C. Thus, as water
froze in a pores that (91%)) fill of water, the re-
sultant expansion due to ice formation forces
unfrozen water to flow into the gel structure
surrounding the capillaries. When the hydrau-
lic pressure results in stresses exceeding the
strength of the paste, cracks occur.
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Hydrated cement paste is alkaline; there-
fore, exposure to acidic waters is detrimental
to its mechanical properties and durability.
Beulah and Prahallada [13] mentioned “con-
crete is susceptible to attack by sulphuric acid
produced from either sewage or Sulphur di-
oxide present in the atmosphere of industrial
cities”. They concluded that, the production
of a very dense and impervious concrete is
the only way to inhibit the deterioration of
concrete by chloride ions. Loss in mass and
strength in RPC specimens kept in acidic en-
vironment were studied by acid test and visual
observation on surface deterioration is also re-
ported. It is noted that sulphuric acid reacts
with calcium present in cement and gives
paste of gypsum which reduces the concrete
strength. It was observed that strength loss is
high after immersion in acid solution (5%) of

volume of water.

2. Objectives

This paper will address some of parameters
in an attempt to further the understanding of
acid attack and freeze-thaw phenomena in re-
active powder concrete containing gasification
ash as a byproduct. So, there were two major
goals of this research study. The first goal was
to obtain information relating to the effect of
using cheap, and local byproduct (gasification
ash from Al-Mussaib electrical gas station in
Babylon governorate) as a supplementary ce-
mentitious material on the strength of reactive
powder concrete. In particular, the effect of
the added percentage of gasification ash and

the age of concrete were of interest. The sec-
ond goal was to provide information for use
in establishing the mechanisms by which the
gasification ash improves the resistance of RP
concrete to freezing-thawing cycles and acid
attack.

3. Materials

The materials used in this research con-
sisted of Type I Portland cement, natural Al-
Ekhaider fine aggregate, tap water, a highly
efficient high-range water reducer admixture
commercially known as (Sika ViscoCrete
5930), gasification ash from ALmsaeb elec-
trical power station (the ash precipitated
mechanically before the flue gases reach the
chimneys from the exhausted gases of coal-
fired power station) and micro Steel fibers.
The chemical composition of cement and gas-
ification ash, presented in (Tablel), confirmed
that cement is complying to Iraqi Specifica-
tion (No. 5/1984) and the gasification ash con-
forms to the requirements of (ASTM C-618)
class C specification with strength activity
index of (105%) at (28) days following the
(ASTM C-311/05) specification. In order to
get a good understanding of the mechanical
features of reactive powder concrete made of
gasification ash, it is recommended to sieve
the ash in (No. 200) (75) um sieve.

The fine aggregate used was a quartz based
sand that is complying with (B.S. 882/1992),
zone F. It was tested to determine the grad-
ing and other physical and chemical proper-
ties. Results indicated that the fine aggre-
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gate grading were within the requirements in accordance with the (B.S. 882/1992). The
of the (B.S. 882/1992). For reactive powder sieve analysis of the original (column 2) and
concrete, very fine sand with maximum size the separated fine sand (column 4) is shown in
(600) um is used. This sand is separated by Table (2).

sieving; its grading satisfies the fine grading

Table (1): chemical composition of cementitious materials*.

Constituent Cement Limits of I.Q.S No. | Gasification Ash Limits of
(%) 5/1984 (%) ASTM C-618/05
CaO 61.35 --- 21.62
SiO, 23.59 21< 42.18
ALO, 5.13 6> 6.81 % 50 <
Fe O, 227 6> 1.52
MgO 2.38 % 5> 0.42
SO, 2.9 %2.5> 0.89 5>
NaOH+KOH 0.46 /
Loss on Ignition 23 % 4> 1.7 % 6 >
Insoluble residue 0.87 % 1.5> /
Lime Saturated factor 0.96 1.02 - 0.66 /

* Chemical tests were made by the National Center for Geological Survey and Mines.

Table (2): Properties of fine aggregates *.

Sieve size Cl;‘:s‘s‘glagt‘lve Limits of B.S. 882/1992 C:a‘:‘s‘gfgt‘; ®| Limits of B.S. 882/1992
(mm) (%) Over all grading (%) fine grading
4.75 95.2 89-100 100 -
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2.36 78.6 60-100 100 80-100
1.18 52.0 30-100 100 70-100
0.60 243 15-100 100 55-100
0.30 10.9 5-70 59 5-70
0.15 3.8 0-15 13 -

SO3 content = 0.28 % < 0.5 %
limits of .Q.S No0.45/1984

* Tests were made by the Concrete Laboratory in Karbala Technical Institute.

The steel fibers with a diameter of (200)um
and length of (13) mm (aspect ratio If /df =65)
were provided by Sika with a tensile strength
of 1280 MPa and a density of (7820)kg/m3.
According to ASTM (C494-05, the used Sika
ViscoCrete 5930 superplasticizer is classified

as type F.

4. Experimental Program.

The shown concrete mix proportions in
Table (3) were selected according to that men-
tioned by Ali [14]. To evaluate the compres-
sive and splitting tensile strength at 28-day
and 56-day, three concrete samples were cho-
sen in each age. When the mixer filled with
materials, the mixer was run for three min.,

resting for two min., and followed by remix-

ing for three min.

Compression and splitting testing is per-
formed on concrete cylinders that having
dimensions of (20*10) cm. Making and cur-
ing of cylinders were done in accordance to
(ASTM C 31/03). Capping were done accord-
ing to (ASTM C 617-15) specifications us-
ing (Sika Grout 214 AE) for cylinders used
in compression test. Testing the cylindrical
specimens was done following both (ASTM
C 39/04, and ASTM C 496-04). Testing is
conducted at various ages, (28 and 56) day in
order to observing the strength development
with age. After that, (28) days was chosen be-
cause of most of the designers use this age in
calculations and to make sure that mean target

strengths were gained.
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Table (3): Mix proportions.

SP by wit Gasification
Mix | Cement | Sand | y W ) ash by w.tof | w/c | Steel fiber | Age
No. | (kg/m®) | (kg/m?) | © °(‘f)/“;e“ cement (%) (%) V, | (days)
’ (%) | (kg/m’)
M1 1100 1100 7 0 0 30 1
M2 1045 1100 7 5 55 30 1 ’g
M3 990 1100 7 10 110 30 1
_|_
M4 935 1100 7 15 165 30 1 56
M5 880 1100 7 20 220 30 1
Mé6 825 1100 7 25 275 30 1
V.= volume fraction of fibers (%) by vol. of concrete mix.
5. Durability Tests. lution for (28) days for durability observation.

The freeze-thaw test was conducted in a The curing media was replaced with fresh so-
MATEST rapid Freeze-thaw apparatus (Plate lution at the end of every week to maintain the
1), which was provided with assistance from same concentration.
the Building and Construction Engineering
Department at the University of Technology.
This machine uses a freezer-plate beneath the
specimen containers to cool the concrete, and
electric heaters placed between the contain-
ers to warm the concrete. The rapid freeze-
thaw procedure is standardized by (ASTM
C666/03). The appropriate specimens were
removed from the freeze-thaw machine af-
ter (25) and (50) cycles. Then, the specimens
were removed during a thaw period, and
stored at room temperature until testing.

Water cured specimens for (7) days were
taken out and allowed to dry for three days

and then the same concrete specimens were
Plate (1): experimental setup: (a) freeze-thaw cli-

kept immersed in (2) and (4%) concentrated ] . e
matic chamber in the University of Technology.

(according to literature) hydrochloric acid so-
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6. Results and Discussion.

It is well known that the serviceability
of any structural concrete element depend
largely on its physical and mechanical prop-
erties. Further, appropriate making and cur-
ing of concrete produces a very dense mix
that could resist the ingression of chemical
substances and/or severe conditions. A major
concern with gasification ash byproduct GA is
how GA could alter the concrete properties in
the hardened state. The concrete strength may
be reduced or increased according to addition
percent and testing age of the investigated
mix.

Table(4) and Fig. (1 & 2) present the com-

pressive strength data for all reactive pow-
der concrete mixtures. These data show that
gasification ash has a significant effect on the
compressive strength of concrete mixtures up
to (10%) of replacement. Free CaO can harm
the volume stability and the concrete durabil-
ity. The higher the GA replacement dosage the
higher the CaO content. The data in Table (4)
show that the (28) days compressive strengths
of mixtures containing GA were larger than
all other mixes except (M6) at (56) days. This
enhancement was due to both pozzolanic ac-
tivity and filling effect of GA in the matrix re-
sulting in more dense and homogenous struc-
ture.

Table (4): Results of compressive strength (MPa).

Freezing & thawing Acid attack
Mix No. 28-day 56-day

cycles 25 cycles 50 2% | 4%

M1 87.3 95.2 52.8 47.6 72.6 64
M2 109.8 118.7 92 80.8 92 85.9
M3 116.7 128.4 100.4 89.1 95.4 | 935
M4 104 109.1 78.6 67.5 84 78.3
M5 96.8 99 70.9 60 76.1 | 65.8
Meé 88.5 93.8 57.6 52.3 689 | 63.4

Results of compressive strength for (28)
day specimens under freezing-thawing and
acid attack confirm that dense matrix is
the reason for higher residual compressive
strength, as illustrated in Fig. (4 & 5). How-

ever, the control mix showed the lowest com-

pressive strength, because it has no pozzola-
nic activity since no GA was added to mix.
However, the residual strength for all mixes
after being subjected to accelerated durabil-
ity tests still higher than the minimum value

(55) MPa for high strength concrete according
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to (ACI 363.2R-98) except (M6) subjected to
(50) cycles of freezing and thawing.

- =& -~ control

—@8— 25-cycle

-—
-

e ‘-‘ = B = 50-cycle

Compressive Strength (MPa)

0 5 10 15 20 25
Gasification Ash (%)

Fig. (1): Effect of gasification ash on compres-
sive strength for (28) days samples exposed to

freezing and thawing.

-=-A--control
—8— 2% HCL

—
-—

‘-.* — B - 4%HCL

Compressive Strength (MPa)

0 5 10 15 20 25

Gasification Ash (%)

Fig.(2): Effect of gasification ash on compres-
sive strength for (28) days samples exposed to
acid attack.

After undergoing (25) cycles and then (50)
cycles of accelerated aging of exposure to the
environment of the freeze-thaw and (2%),
(4%) HCI of acid attack, it was observed that
saturated samples made with GA byprod-

Isam Mohamad Ali

uct had higher strength values than control
samples. This in agreement with [11 and 12],
shows that the reactive powder concrete that
contain GA byproduct is more suitable for use
in hazard environments than that of control
due to the filling effect of GA. Internal micro
cracking without surface scaling, followed by
loss in compressive strength of (14-39%) af-
ter (25) cycles and (23-50%) after (50) cycles
of freezing and thawing were the main pro-
nounced actions due to freezing and thawing.

The (28) days splitting tensile strength val-
ues for all batches are presented in Table (5)
and Fig. (3 to 4). As in the case with concrete
compressive strength, splitting tensile strength
is heavily dependent on cementitious content
and may be affected by dosing fresh concrete
with GA byproduct. Data presented in Table
(5) and Fig. (3 to 4) show that the splitting
tensile strengths for mixtures containing GA
were greater in all cases than control mix ex-
cept for M6 at (28 and 56) days. Although, the
variations between the reference and the GA
samples are not high in most of the studied
cases. As it expected, the (50) cycles of freez-
ing-thawing exposure had the lower strength
as compared to control. This is the same for
(4%) concentration of HCI solution. This
trend is similar to that found by Karthick M.
and Nirmalkumar K [9].
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Table (5): Results of splitting tensile strength (MPa).

Freezing & thawing Acid attack
Mix No. | 28-days | 56-days
cycles 25 | cycles 50 | %2 % 4
M1 9.2 9.6 4.8 3.5 3.7 3.4
M2 10.5 12.1 5.2 4.8 4.1 3.9
M3 12.2 13.4 6.3 5.9 5.3 5.4
M4 10.5 11.1 5.6 4.3 4.4 4.1
M35 9.2 9.5 4.9 3.9 3.1 2.8
M6 9.1 9.4 4.2 2.8 2.9 2.6
L e s o 7. Conclusions.
12 T _—:—_:"‘: Based on the analysis of data compiled
0 e i SR . 1 throughout this research, the conclusions are

summarized as follows: -
1. All mixes that contain GA byproduct had
higher values of compressive and splitting

Splitting Tensile Strength (MPa)

strengths than that of control, which demon-
strates that the GA byproduct could be used
as supplementary cementitious material of not
more than (10 %) of addition.

2. The inclusion of gasification ash into the

Gasification Ash (%)

Fig.(3): Effect of gasification ash on splitting
tensile strength for (28) days samples exposed to

freezing and thawing.

14

—--&--control

RPC resulted in a good durability perfor-
mance under the action of acid attack and
‘‘‘‘‘ freeze-thaw cycle.

3. Distress due to freezing and thawing action

manifest in internal micro cracking without

Splitting Tensile Strength (MPa)

surface scaling, followed by loss in compres-

0 5 10 15 20 25

Gasification Ash (%) sive strength of (14-39%) after (25) cycles

Fig.(4): Effect of gasification ash on splitting ten-  and (23-50%) after 50 cycles of freezing and
sile strength for 28-days samples exposed to acid

thawing.
attack.
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4. Splitting tensile strength of RPC specimens
experienced a maximum loss of about)68%(
and (71%) due to exposure to (2%) HCI and
(4%) HCI of acid attack respectively. Howev-
er, this loss was not exceed (54%) and (59%)
after the exposure to (25 and 50) cycles of
freezing and thawing.

5. The deference in the strength development
at (28 and 56) days lies between (3-10%) for
all cases. This proves that (90%) of the ulti-
mate strength of RPC gained at (28) days.

6. The exposure to high concentrations (i.e.
4 % HCI) have higher detrimental effect than

those of lower concentrations.
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Abstract

Electronic structures of three suggested aluminum metal complexes are relax
using SDD-B3LYP/DFT method. The structural parameters and energies were
calculated for each complex. The excitation energy of the complex was obtained
by using the TD-DFT/B3LYP method with SDD basis sets. EHOMO, ELUMO
and LUMO-HOMO energy gap, global hardness and softness were calculated to
predict the chemical activity of the complexes. That results showed the aluminum
metal complexes play a significant rule such as catalysts in many chemical reactions

as in polymerization processes.

Keywords
Aluminum metal complex, B3LYP, SDD basis set, UV-Vis spectrum.
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1. Introduction.

The metal complex compound is a struc-
ture consisting of a central metal atom or ion,
in which metal is usually attached to a sur-
rounding array by several atoms, ions or mol-
ecules, each of which is called a ligand [1].
The atom within a ligand that is bonded to the
central metal atom or ion is called the donor
atom and bound to the central atom by a coor-
dinate covalent bond into an empty metal or-
bital. In a metal complex, a metal ion is bond-
ed to a number of donor atoms, which can be
a different or a same [2].

The electron density on the the center of
molecular (metal) and the physical surround-
ings around the metal is affected by each li-
gand present in complex compound. The
electronic structure can be described by a rela-
tively ionic model that comes from electrons
of the metals and ligands in metal complexes.
The properties of metal complex compounds
are determined by the electronic structure of
molecular compounds [3, 4]. Metal complex-
es exhibit changed characteristic properties
which depend on the nature of metal and the
method arrangement of the ligand to which
they are bound [5, 6].

The Ziegler-Natta catalysts, entitled after
the chemists Ziegler and Natta (1955), is a cat-
alyst used in the synthesis of polymers[7]. The
Ziegler-Natta catalysts is a generic term to de-
scribe a variety of catalysts based on transition
metal moieties, which are active in a-olefins
polymerization and copolymerization. The

Ziegler-Natta catalysts is produced from

Faeq A. AL-Temimei and Hamid I. Abbood

reaction between compounds of transition
metal and compounds such as the hydrides or
alkyls groups [7-9].

A catalyst such as Z-N catalyst is used to
decrease the activation energy for the polym-
erization process thus speeding up the chemi-
cal reaction and allowing it to proceed even
under mild conditions. The catalysts funda-
mentally increase a chemical reaction, it in-
creases the chemical reaction rate without be-
ing consumed itself [6, §].

The finding of Ziegler-Natta catalysts
presented a new dimension to the domain of
polymers. The Ziegler-Natta catalysts added
to the development of the long chain polymers
of hydrocarbons and produce various com-
mercial polymers such as polypropylene and
polyethylene. These polymers are advanta-
geous in the construction of films, plastics and
fibers. Application of Ziegler-Natta catalysts
trend clearly reflects the care specified to this
area both in researches, academic and indus-
trial laboratories in the world [6, 7, 9]. In this
study design new aluminum metal complex
compounds (1, 2 and 3 molecular in Fig. 1)
represented catalysts moleculars such as cata-
lysts Ziegler-Natta and have various applica-
tions in many chemical reactions as in polym-

erization processes.

2. Theory.

The initial structures of the complexes
were designed and drawn at Gauss View
(5.0.8) program [10]. The calculations were
carried out by using Gaussian (09) package of
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programs [11]. The studied aluminum metal
complexes were fully relax by employing
B3LYP-SDD/DFT (52). B3LYP combina-
tion of exchange and correlation functional
[12,13] in DFT is applied to all calculations
of the electronic structure. The electronic ex-
citation energy was calculated for the relaxed
aluminum metal complexes by employing
TD-DFT/B3LYP method with SDD basis sets.
TD-DFT with SDD basis sets has been proved
to be depend for calculating the electronic

structure of heavy transition metals [14-16].

3. Results and Discussion.

The structures of the suggested aluminum
metal complexes in Fig. (1) are relax by em-
ploying the SDD-B3LYP/DFT method. Table
(1) states the results of the optimized param-
eters (bonds in Angstroms and angles in de-
grees) for the aluminum metal complexes. The
coordination of the molecules after the relax-
ation showed a suitable method we used with
the SDD basis sets where the calculated bonds
are in good agreements with the experimen-
tal data [4,17]. The theoretical values of Al-O
bonds in complex (2) are agree with the results
in [17]. Al-O bonds are change depending on
the coordination of the complex and the posi-
tion of the central aluminum metal. The bonds
C-C are varied depending on the coordination
for each complex and their values are in good
agreements with those in open and cyclic car-
bon compounds. From Table (1) shows that
AI-Cl bond in complex (2) is (2.24000) A" and
complex (3) is (2.20107-3.09606) A" these

value are in good agreement with the results

of metal complexes [17,18].

1

3\3’

Byt

Fig. (1): The relax structures of aluminum metal

complexes.
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Table (1): The optimized parameters of the aluminum metal complexes.

Mgl:lrzrr:mex Bond length (A’) Bond angle (deg.)
Bond Value Bond angle Value
Al-C 2.02000 H-C-H 109.47122-109.47125
' C-C 1.54000 C-Al-C 120.000
C-H 1.07000 C-C-Al 109.47120- 109.4712
Al-Cl 2.24000 CI-Al-O 108.95937-111.87067
Al-N 1.81545 O-Al-N 96.17055-109.54072
Al-O 1.86576-1.86592 C-N-Al 103.69243-120.10640
C-C 1.40272-1.58807 C-O-Al 105.22779
0-C 1.43000-1.45923 C-c-C 101.51277-118.09572
’ H-C 1.07000 H-C-N 120.63898
H-O 0.96000 H-C-C 114.19864-119.43061
N-C 1.27681-1.48400 H-C-H 108.31531
H-O-C 109.47122
C-C-0 116.70290-126.34110
Al-Cl 2.20107-3.09606 Cl-Al-Cl 83.52799-120.23120
Al-C 2.29878-3.95960 C-Al-Cl 28.35233-71.67279
C-C 1.52184-1.53632 H-C-Al 75.18740-89.07055
3 H-C 1.09066-1.09406 H-C-H 109.10634-111.04073
H-C-C 113.83217-114.77388
C-C-Al 113.56426-159.58647
C-c-C 85.85701-93.60788
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Table (2) declare the results of High Oc-

cupied Molecular Orbital Energy E Low

HOMO?
Unoccupied Molecular Orbital Energy E
and LUMO-HOMO Energy gap E, for the
studied aluminum metal complexes from the
SDD-B3LYP/DFT calculations at the mini-
ma energy. As shown, for each complex the
LUMO energy is greater than HOMO energy.
Complex (2) has the highest values of E
and E_ . High values of LUMO energy
means low ability of complex to accepting an
electron. Therefore, the order of complexes to
acceptance an electron and become anions is
as: 3> 1> 2. Also, we noted from Table (2)
the highest bond (Al-C) found in compound
3 and the highest bond (AI-Cl) in compound
3. In addition, the highest angle in this com-
pounds were found in compound 1 according
to the position of atoms in metal complexes.

Low value of HOMO for complex means
high energy that complex required to donating
an electron. Therefore, the order of complexes
to donating an electron and become cation is
as:2>1>3.

The LUMO-HOMO energy gap (Eg) val-
ues in Table (2) showed the suggested alumi-
num metal complexes have Eg between (2.8)
eV for complex (2) and (5.88) eV for com-
plex1, means these aluminum metal complex-
es have varying electronic applications such
as catalyst in polymers process. The lowest
Eg is (2.8) eV for complex (2) refers to that
this complex has a suitable semiconducting

electronic applications. Fig. (2) declare the

LUMO-HOMO energy gap of the studied
complexes. Also we noted from Table (2) that
the complexes (1) and (3) needed higher en-
ergy to exaction the electrons from level to

other comparing with complex (2) according

to energy gab (Eg).
-0.50 =
~ Egowo (V)
=1 Eppio (V)
800 4 17952
67472
—
-6.50
> 500 Eyp =4.9872¢V
2
E :
; e ] Epp=5.8819¢V -2.47783791
(=
-
o Egp 2.8016¢V 8080
& 20
=
05653
050 1 ' 06761

1 2 3

Aluminum metal complex

Fig. (2): LUMO-HOMO energy gap of metal com-
plexes.

We noted from Fig. (2) and Table (2) the com-
pound 1 has large energy gab this mean this
compound can be using in chemical reactions
applicatins as in polymerization isolated pro-
cesses. Also, we noted that metal complexes
(1) gives the highest Eg as shown from Table
(2). This may relate to the highest angle ob-
tained for complexes (1) in Table (1).
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Table (2): The E, 0, E, ., and E_for aluminum metal complex.

Aluminum Metal Complex E,.omo (€V) Ewo (€V) Eg (eV)
1 -6.7472 -0.8653 5.8819
2 -3.4778 -0.6762 2.8016
3 -7.7953 -2.8080 4.9872

Fig. (3) illustrates the 3-D distribution of
HOMO and LUMO energies of the alumi-
num metal complexes. HOMO_ and LUMO_
are molecular orbitals building according to
linear combination atomic orbitals-molecular
orbitals LCAO*-MO¢® theory. Each MO con-
structs due to charge distribution in the com-

plex, and therefore, the atomic charge density

population in the metal and the ligands in the
complex. The difference of the HOMO and
LUMO distribution of the aluminum metal
complexes in Fig. (3) refers to more differenc-
es in molecular polarizabilities and electronic
structures of these complexes, and therefore,
differences in chemically reactivity for the

complexes as catalysts.

1
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The electrostatic potential (ESP) surfaces
distribution of aluminum metal complexes
calculated from the total self-consistent field
SCF and shown in Fig. (4). In complex 1, the
ESP surface was approximately drag uniform-
ly in space of the complex towards the three
ligand groups connected to the central alumi-
num metal. In complex (2), the ESP surface
were dragged towards the chlorine and oxy-

gen atoms due to their high electronegativity
in comparison with hydrogen and carbon at-
oms. In complexes 3, the ESP surface were
approximately dragged towards the chlorine
atoms only. These results means that the de-
termination of the active areas of the ESP for
these complexes to play an important factor
as catalysts in many chemical reactions as in

polymerization processes.

|
J ,--1 @Y, 3" \
<
2

Fig. (4): The 2-D counter (Left) and 3-D (Right)ESP distribution of the complexes.
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Table (3) lists the results of global hard-
ness and softness as quantum chemical pa-
rameters. The computation of molecules prop-
erties (hardness and softness) are carried out
by Koopmans theorem (KT) [4] as shown in
the following:

Here H indicates the hardness, 1is the ion-
ization potential, is the electron affinity and S
denoted the softness.

As can be seen, the trend of the quantum

chemical parameters depend on the coordina-
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tion and the molecular geometry of each com-
plex. The coordination tendencies of com-
plexes as catalysts can be discussed with the
global hardness and softness. Soft complexes
have small energy gap and therefore, small ex-
citation energies required for electron transfer.
Hard complexes have large energy gap and
more complex to interact with other species.
Approximately, all studied aluminum metal
complexes have low values of H and S, they
are weak in electron transfer, therefore, they

can work catalysts for chemical reactions.

Table (3): Quantum chemical parameters for aluminum metal complexes.

Aluminum metal complexes 1 2 3
Hardness (eV) 2.9410 1.4008 2.4936
Softness (eV)! 0.1700 0.3569 0.2005

As shown previously, the energy gap of the
studied aluminum metal complexes was var-
ied from (2.8) eV for complex (2) to (5.88) eV
for complex 1. Know, the behavior of excita-
tion energies of the studied complexes that are
analyzed in the B3LYP-SDD/TD-DFT. Table
(4) illustrates the wavelength of excitation en-
ergies for the main band, oscillator strength,
electronic transitions HOMO-LUMO and the
state for the aluminum metal complexes.

Fig. (5) declare the Ultraviolet-Visible

(UV-Vis.) spectra of the studied complexes.
As seen, complex 1 have one peak of excita-
tion energy at (356.17) nm wavelength with
full transition between the frontier orbit-
als HOMO—LUMO. Two peaks of excita-
tion energy were observed for complex (2)
at (333.33) nm and (459.82) nm with two
main electronic transitions H-5—LUMO and
H-4—LUMO. Complex C exhibits one peak
of excitation energy at (362.56) nm with many
electronic states in the doublet.
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Table (4): UV-Vis results of aluminum metal complexes.

Complex

Wavelength (nm)

Oscillator
Strength

Electronic Transition

HOMO—LUMO

State

356.17

0.0047

HOMO—LUMO (99%)

Singlet

333.33

0.2944

H-5—LUMO (79%)
H-4—LUMO (16%)

459.82

0.1147

H-1—LUMO (95%)
HOMO—LUMO (3%)

Singlet

362.56

0.0823

H-13(c)) —LUMO(ar) (21%)
H-11(a) —LUMO(a) (12%)
H-10(B) —L+1(B) (33%)
H-15(0t) >LUMO(0t) (4%)
H-14(0t) —»LUMO(a:) (6%)
H-10(0t) —»LUMO(a:) (2%)
H-11(B) —>L+1(B) (6%)
H-9(B) —=L+1(B) (6%)

Doublet

0.005
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Fig. (5): UV-Vis Spectra of aluminum metal complexes.
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The results of molecular polarizability for
complexes (1,2 and 3) showed the catalyst (1)
has low dipole momentum (D.M) (0.137) De-
bye, catalyst (2) has large D.M (8. 119) Debye
and catalyst (3) has D.M of (3.979) Debye,
means complex (1) has the highest symmetry
in comparison with the others while complex
(2) has very low symmetry and this due the
coordination of each catalyst. From the re-
sults, the studied aluminum metal complexes
have large values of molecular polarizability
(101.72, 86.09, 125.64) a. u, respectively, and
therefore, they have high ability to interact
with other molecules. Aluminum metal com-
plexes play a significant role in chemical re-
actions as catalysts and all compounds in this
study represented Ziegler-Natta catalysts ac-
cording to the results and it properties.

4. Conclusions:

1. Aluminum metal complexes have dif-
ferent electronic applications due to differ-
ent values of LUMO-HOMO energy gap ob-
tained.

2. The differences of HOMO and LUMO
distribution and ESP distribution of the com-
plexes refer to more differences in molecular
polarizabilities and electronic structures of
these complexes and therefore, differences in
chemically reactivity as catalysts.

3. Aluminum metal complexes play a sig-
nificant influence as catalysts in many chemi-
cal reactions as in polymerization processes.

4. Approximately all studied aluminum
metal complexes have low values of global

Faeq A. AL-Temimei and Hamid I. Abbood

hardness and softness, they are all weak in
electron transfer and can be used as catalysts
in chemical reactions.

5. The results of UV-Vis spectra declare
the studied aluminum metal complexes have
various applications such as Ziegler-Natta
catalysts.
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Abstract

This study includes the use of economic raw material available in Iraq, which
is available in the Western Desert of Iraq, where the knowledge of the effect
of some additives on the properties of the Iraqi kaolin allows for use in the
future industrial applications for the country. The samples were prepared from
(90%,70%Kaolin+30% meta kaolin) with two types of additives, the first type
is the powder of silicon carbide(SiC) and the second type of additives is the fire
brick powder(FBP) which was prepared from the wastes of the furnace linings.
The samples were fired at the temperature of (1100), (1200), (1300), (1400) and
(1500) C° and several properties were studied such as bulk density, open porosity
and coefficient of thermal conductivity. The addition of (10%) silicon increases the
thermal conductivity and open porosity coefficient and reduces the bulk density,
while the addition of (5%SiC + 5%FBP) have an intermediate property between
(10%) Silicon powder and (10%) FBP. While samples contain (10%) FBP have
lower open porosity and coefficient of thermal conductivity with larger bulk

density.

Keywords
Iraqi kaolin, fire brick powder, SiC, bulk density, open porosity, coefficient of

thermal conductivity.
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1.Introduction

Refractory are materials, mostly non-me-
tallic minerals that have enormous heat capac-
ities and can withstand high temperatures, re-
fractory materials are used in various fields and
different aspects of the scientific life process
and industrial plants such as lining furnaces,
reactors and others [1]. Therefore, according
to the working conditions and application of
these materials, refractories must possess cer-
tain characteristics that enable them to have a
long life, they must have a good thermal shock,
corrosion resistance and have a specific value
for thermal conductivity and thermal expan-
sion coefficient [2]. Many types of refractories
are often used in various basic metal industries
such as in the process of making steel [3]. The
requirements for refractories vary according to
industrial application e.g., the properties of re-
fractories used in the aluminum metal industry
may be different from those used in the steel
industry [4]. The clay minerals are considered
to be important industrial raw materials which
used in many industrial and scientific applica-
tions, such as ceramics, paper industry, petro-
leum industry, catalysts, etc. [5]. The field of
application of the clays is closely related to
its general characteristics. Therefore, studying
and diagnosing the nature of industrial clays
helps in determining the best exploitation, thus
providing greater opportunities to benefit from
the various modern applications [6]. Many
studies have dealt with different and varied as-
pects of clay properties. Al-Nasrawy et al. [7]
investigated the effect of different percentage

Harith Ibrahem Jaaffer and Hani mahmood hussien

addition of a-SiC powder on the physical and
mechanical properties of Iraqi kaolin, where
they made sample consist of SiC with addi-
tions from different percentages of Iraqi ka-
olin, they found that the physical and mechan-
ical properties of the samples fired at (1400)
°C changed with the addition of added kaolin.
Iyasara et al. [8] examined the possibility of
improving the physical properties of dense re-
fractory bricks (reducing shrinkage, pores and
increased corrosion resistance) of the local
clay with grog addition, where they found that
the increase in the percentage of grog resulted
in decreased shrinkage and density, through
their findings they concluded that the use of
(% 30) grog led to get optimal apparent po-
rosity of (% 20.22) and cold crushing strength
of (61.77) MPa. Amkpa et al. [9] found that
the firing temperature (1200) °C was better for
mechanical, chemical and physical properties,
the optimum values for porosity was (24.52%),
the compressive strength was (15.37) MPa and
bulk density was (1.8) g/cm®. Also Bwayo and
Obwoya[ 10] studied the effect of particle size
of a mixture of ball clay, kaolin, and sawdust
on thermal conductivity and diffusivity of ce-
ramic bricks through preparing samples fired
at (950) °C, they found that coefficient of ther-
mal conductivity decreased with increased
particle size of kaolin and ball clay. The objec-
tive of the present study is to characterize the
effect of SiC and FBP on the open porosity,
bulk density and coefficient of thermal con-
ductivity of refractory mortar prepared from
Iraqi kaolin.
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2.Experimental Part

2.1. Raw materials

The raw materials used in this research are
Iraqi kaolin, powder of silicon carbide(SiC)
and fire brick powder (FBP). FBP was ob-
tained from the grinding of waste lining fur-
nace. Iraqi kaolin was laboratory milled into
powder of particle size of (4.299) um and
particle size distribution given in Fig. (1). The
particle size measurement were done by using
Bettersize (2000) laser particle size analyzer.
Metakaolin powder(MK) was fabricated by
heating Iraqi kaolin at (800) C° for an hour.
Metakaolin powder was identified from dis-
appearance of the kaolinte peaks in XRD pat-
tern. Metakaolin has particle size of (7.067)
um and the particle size distribution is shown
in Fig. (2). Silicon carbide is the first type of
additives which has a particle size of (69.81)
um and particle size distribution is shown in
Fig. (3). While firebrick powder (FBP) is the
second type of additives. It has a particle size
of (97.08) um and particle size distribution is
shown in Fig.(4).

2.2. Sample preparation

The best conditions were chosen in terms
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of the percentage of water added (solid/ water
=1.5) and the binding material sodium silicate
(4) g. The ratio of metakaolin added to kaolin
was (30%), in other words, the main mixture
consists of (70% Kaolin+30%) meta kaolin.
So that the samples after drying had no cracks
and have the largest values of bulk density
and compressive strength.

Table (1) shows the weight ratios of pre-
pared mixtures. The ingredients were mixed
with an electrical mixer where the amount
of binding material was (4) g of sodium sili-
cate, the water quantity was (100) g and the
total solid powder was (150) g. The powders
are then weighed and mixed with water (but
manually mixed for (5) minutes before that),
then powders were added to water gradually
and continue mixing for (2) hours. After fin-
ishing the mixing process, the mixture put in
lubricated wooden molds, leave for a week
and be removed from the molds, then placed
in the oven and gradually rise to (110) © C and
remain for (24) hours. Samples were fired by
an electric furnace at (1100), (1200), (1300),
(1400), and (1500) °C with a sintering rate of

(3) C°/ min with a soaking time of one hour.

Table (1): The sample compositing of different additives and firing temperature.

Matrix(70%kaolin+30%metakaolin) wt% SiC wt%

FBP wt% Firing temperature °C

90

1100
1200
0 1300
1400
1500
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1100
1200
90 5 5 1300
1400
1500
1100
1200
90 0 10 1300
1400
1500
2.3. Physical Measurement 2.3.2 Apparent porosity
2.3.1 bulk density It is calculated from Equation [11]:
It is calculated by using the Equation [11]: AP= (W-D)/(W-S)*100,
BD= W /(V-V), where AP: Apparent porosity, %; W: Sus-
where BD: bulk density, g/cm? pended weight, g; D Dry weight, g;

W, : Dried weight, g; S: Soaked weight, g.
V |: Soaked weight, cm’;
V ,: Suspended weight, cm’.

100.0 80 :
D10=1133 oy Diam um | Percent
7 | Deo=4.296 | o
B9\ nao=1597 e 48 0200 | 000
700 »J 42 0500 | 124
9§00 16 00 | 81
5 0
£ 500 30 3| 2000 | 2201
3 TIRFAIIAY S
O / 24 5000 | s
f 0000 | 9413
200 12
/ 5000 | 9994
100 ; 08
] 75000 | 100.00
00 00
0.0 0.1 10 10.0 100.0 1000.0
Size(um)

Fig. (1): particle size distribution of Iraqi kaolin.
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Fig. (2): particle size distribution of Iraqi metakaolin.
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Fig. (3): particle size distribution of SiC powder.
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Fig. (4): particle size distribution of fire brick powder(FBP)

2.3.3.Coefficientofthermal conductivity

The coefficient of thermal conductivity
1s measured by using a YBF-3 thermal coef-
ficient meter, which depends on the steady
state method The time required to measure
the sample is two hours. The sample is placed
between the two copper disks, after which the
apparatus is programmed at (100)°C. After
reaching the steady state, the voltage values
V, and V, are taken. The irradiation rate of
the lower copper disk, at the adjacent to V,,
was then calculated directly and the following
equation is used:

A=(mch,) / (mR}? (V,-V)))
(2R +2h)) AT/AtT:T2 Wm'.C,

where:

((2h +R ))/

V,: the value of voltage of the upper copper

disk,

V,: the value of voltage of the upper lower
disk,

m: the mass of the radiating disk, i.e. the low-
er copper plate,

c: the specific heat capacity of the copper plate
(3.805*107% jkg°C™)

h,: the thickness of the sample,

R, : radius of the sample,

h,: the thickness of the radiating disk,

R,: radius of radiating disk,

AT/At | : The radiating rate of the lower
copper disk at temperature adjacent to T..

3. Result and discussion
Fig. (5) shows the behavior of samples
prepared from 70%) )90%(kaolin +30%
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metakaolin) with the additives. It is found that
the bulk density increases with the increase of
firing temperature until (1400) C°. This gen-
eral behavior is due to the increase in the per-
centage of the liquid phase which forms the
glass phase after the firing process [12]. While
the density drops at (1500) C°. This is mainly
a result of the expansion of gases (bloating)
enclosed in the matrix due to the presence of
Fe,O, in the kaolin powder which changes
into Fe,O, and generates O, at elevated tem-
perature [13,14].

As shown in Fig. (5) the bulk density values
are greater in the case of (% 10) FBP. On the
other hand, the addition of (5%) FBP+(5%)
SiC caused increasing the values of bulk den-
sity compared with the addition of (10%) SiC
alone. However, silicon carbide possesses
the advantage of inhibiting sintering rate of
the refractory material [15]. Silicon carbide
is a crystalline material, the colour of which
is determined by the level of impurities. Pure
silicon carbide is colour less and transparent,
the green to black colour of the industrial SiC
results from impurities mostly iron [16,17].
Therefore, it is expected that samples pre-
pared with addition of (10%) SiC will cause
an increase in bloating during sintering lead-
ing to decreasing the values of bulk density.

Fig. (6) and three shows the variation of
open porosity with the addition of FBP and
/ or SiC. Open porosity is found to be less
when (10%) FBP is added, while open poros-
ity is greater in case of (10%) silicon carbide.

Hamisi et a.l[18] expressed the densification
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in term of open porosity where they found
that the decrease in open porosity for Pugu
kaolin is due to densification that has taken
place. Therefore, sintering is less in samples
containing (% 10) SiC as evidenced by high
values of open porosity.

Fig. (7) shows the behavior of the coef-
ficient of thermal conductivity of samples of
prepared from (90%) (70%)K + 30% MK)
with different additives of B.P and / or SiC
with increased firing temperature. It is clear
that the values of the coefficient of thermal
conductivity are greater for samples contain-
ing (10%) SiC, while decreasing with decreas-
ing SiC. While samples containing (10%)
FBP have the lowest values for conductivity.
It is important to say that porosity is an im-
portant cause of decreased thermal conductiv-
ity where thermal conductivity decreases in
refractory materials as its porosity increases
with the pores acting as non-heat conducting
media [19].

Although the samples containing (10%)
SiC have higher open porosity than the other
samples but they have a larger values of ther-
mal conductivity. This is because the thermal
conductivity of SiC is (270) W / mK°[20]. In
other words, the high value of SiC conduc-
tivity has a greater effect than the effect of in-
creased open porosity. For example it was found
that samples prepared from a mixture of SiC and
alumina, at sintering temperature of (1500) Ce,
have a higher thermal conductivity than samples
of prepared from alumina alone [21].
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4.conclusion

From study the behavior of samples pre-
pared from (90%) (70%kaolin +30% metaka-
olin) with additives with firing (1100), (1200),
(1300), (1400) and (1500) C° some conclusion
are found. It was found that, for all samples, the
bulk density increases with increasing of firing
temperature up to (1400) C° then the density
drops at (1500) C°. The open porosity decreases
with increasing firing temperature up to (1500)
C°. The bulk density increases with increasing
of FBP while the open porosity decreases with
increasing of FBP. Finally, the values of the co-
efficient of thermal conductivity are greater for
samples containing (10%) SiC.

24 == 10%5iC
T 23 =B 53SIC+5
g 2.2 %8P
221 10%B.P
s o2
w
E 18 f
13
3
@317

16 Il 1 Il 1 1 i

1000 1100 1200 1300 1400 1500 1600

Firingtemperature (°C)

Fig.(5): variation of bulk density with firing tem-
perature with different additives.

35
e 10 %650C
30
§ ol 5 35500
£ 325 %4B.P
g 10%FBP
o 20
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c
a2 15
(o]
10
5
1000 1100 1200 1300 1400 1500 1600
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Fig (6): variation of open porosity with firing tem-
perature with different additives.
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Fig (7): variation of coefficient of thermal con-
ductivity with firing temperature with different
additives.
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Abstract

The wireless communication has developed very fast since its creation. So for
efficient communication we require miniature sized antennas such as microstrip
antenna. In this paper, it proposes an efficient wide band rectangular microstrip
antenna. In Equally important this design of future antenna for 5G mobile
communication, a rectangular patch is mounted on FR-4 substrate material with
dielectric constant (er =4.4). A slot shape (] [) is etched on the rectangular patch
to provide wideband operation, which provide a wider bandwidth of (20%) and
high gain of (7.41) db. Antenna design and simulation were carried out in Finite
Element Method (FEM) based High Frequency Structural Simulation (HFSS) tool.
This antenna has good performance in terms of antenna Band width, return losses,

VSWR, Characteristics impedance, and gain at the frequency (5.1) GHz.

Keywords
Rectangular Microstrip Antenna, FR-4 Substrate, HFSS, Bandwidth, FEM.
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1. Introduction

The wireless communication system needs
small antennas for mobile devices, and high
band wide in multi-frequency bands for dif-
ferent applications [1].

In fact, the future wireless networks also
require high band width systems with high
mobility environments [2].

The principal advantages of microstrip
antenna include, small size, light weight, low
fabrication cost, low profile planar, and can be
manufactured either as a separate component
or part of array [3].

Some of disadvantages of microstrip an-
tenna are: narrow bandwidth; low efficiency;
low Gain; and thicker substrate results in ex-
citation of surface waves [4].

The simplicity of Microstrip antennas and
compatibility with printed circuit technology
Led to great interest in them recently and its
use on a widely in the microwave frequency
spectrum. Microstrip antenna consists of di-
electric substrate and conducting patch print-
ed on in one side and in the other side printed
a conducting ground plane [5].

Therefore, the radiating element can be take
several shapes such as a rectangular, square,
monopole, circular, triangular, circular ring,
and elliptical, or other configuration. As a re-
sult, there are special features for each shape,
but the rectangular, circular and square shapes
are the most common configurations [6].

The used of different materials to design
the dielectric substrate of microstrip antennas,

where the range dielectric constant of this mate-
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rials usually in (2.2< er > 12). The thickness (h)
is small fraction of a wavelength (h<< o) [7]

Equally important, the ground plane of an-
tenna is placed below dielectric substrate and
represents the third part of the microstrip an-
tenna. The ground plane is made of the same
conductive material as the patch.

The dimension of ground plane effect on
the edge fields (fringing fields) Which is very
important to increases the radiation from the
microstrip antenna [8].

There are different methods to feeding the
patch of microstrip antenna such as the trans-
mission line feed, coaxial probe feed, aperture
coupling feed and proximity coupling feed.

Of these methods, connected or unconnect-
ed, connected methods include direct connec-
tion between the patch and transmission line.
But in unconnected method used coupling
electromagnetic field method to transfer en-
ergy to the patch [9].

The different techniges have been used
leately to increase the bandwidth of microstrip
antennas [ 10], such as increasing the height of
the substrate, microstrip slot antenna loaded
approach on the patch and using different
shapes of microstrip patch [11].

By increases thickness of substrate in-
creases the gain, but may lead to surface wave
excitation which decrease efficiency and per-
turb the radiation pattern [12].

Difterent shapes of slot loading in radiated
patch to improving the antenna bandwidth [13].

In this study, a slot shape (] [) patch an-
tenna were designed with coaxial -probe feed.
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The software which is the industry standard
for simulating high-frequency electromagnet-
ic structure (HFSS).

2. Design of RMSPA in 5.2 GHz

To design an initial antenna in (5") gen-
eration (a future antenna for 5G mobile com-
munication) and in the ultra-wide band UWB
application for wireless communication. In
this work, three parameters must be selected,
there are: Resonance frequency is (5.2) GHz,
the dielectric constant of the substrate is (4.4)
(FR4-epoxy) , thickness (3.5)mm. The size of
rectangular patch antenna are (46x33) mm?,
the size of ground plane is (67x54.8)mm?.
The co-axial feeding technique is used and the
optimum location of feed is (0, -5) mm.

3. Design of RMSPA in 5.2 GHz
with slot shape (] )

The slot techniques etched in the rectangu-
lar patch is used here to improving the band-
width of the antenna. The slot shape (] [) was
to be etched in the rectangular patch of the

proposed antenna, as shown in Fig. (1).

60 (mm)

Fig. (1) rectangular antenna with (] [ )-slot
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The dimensions of antenna with] [-slot as
shown in Fig. (2), the total area of patch is
(L x W) printed on a FR4 substrate having
dielectric constant (4.4) with size (Lg X Wg),
with thickness is (h). The antenna uses co-
axial feeding technique, The position of feed
point is (X,, Y), where the feed location and
the slots were tuning to give good impedance

matching.
w
< >
hs 1\@ 1
59 . ™3
M4
M2 LS /i ° M2 L
< <>
M
M1
<o h
ws L ¢

Fig. (2): Dimensions of Rectangular patch loaded
by slot shape (] [)

4. simulation results of RMSPA in
(5.2) GHz

Return loss versus frequency is shown in
Fig. (3). While it is true that the bandwidth
is(3.1%) at (4.5)GHz,(2.5%) at (5.2) GHz
and (1.6%) at (6.26)GHz. The return loss val-
ue of these bands is (-18.06 dB,-18.9 dB and
-13.39) dB respectively.
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Fig. (3): Return loss of RMSPA at 5.2GHz Fig. (5): Real and imaginary parts of the input

impedance of RMSPA at (5.2) GHz
VSWR (Voltage Standing Wave Ratio)

2-D radiation pattern antenna at (5.2)GHz
versus frequency is shown in Fig. (4). The

) ~ as shown in Fig. (6). The Fig. shown as E and
values of VSWR for rectangular microstrip H-Plane radiation pattern of rectangular mi-

patch antenna is (1.10, 1.03 and 1.15) at (4.5)

crostrip antenna,
GHz, (5.2)GHz and )6.26(GHz respectively.

20 Et-:n-ﬂl'-m' -l!li-:-' e
154
o
% 104 P
> K .
5 ": \“ "a |“ "1
0 T T T T T
4.0 45 50 55 6.0 6.5 7.0
Frequency (GHz)
Fig. (4): VSWR of RMSPA at )5.2(GHz
The input impedance of rectangular mi-
crostrip antenna is shown in Fig. (5). The fig-
ure shows, at frequency (5.2) GHz, the real

part of impedance approximately (50) Q while
the imaginary part equal to zero.

Fig. (6): E and H -Plane radiation pattern of RM-
SPA at (5.2) GHz
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The gain of the proposed antenna is shown
in Fig. (7). The maximum gain is (6.24)dB at
(5.2)GHz, and the average gain is (5.12)dB.
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Fig. (7): gain of RMSPA at )5.2(GHz

As shown above the performance parameter

of a rectangular patch is shown in Table (1).

Table (1): RMSPA performance parameters at

(5.2) GHz
S11 -18.9 dB
Bandwidth 2.5%
VSWR 1.03
Average Gain 5.12dB

5. simulation results of RMSPA with

slot shape (] )

Parametric study done to get the optimum

dimension for the slot, to get the best value

of band width. For different values of (ts),
when (Ws = 6mm), the results show the best
value of a bandwidth for the thickness of the

slot equal to (2) mm , as in Fig.(8).

Fig. (8): Return loss of proposed antenna
with different ts value>

Now, for the thickness of the slot (ts =
2) mm, the results show that, the best value
of a bandwidth was obtained at the width of
slot equal to (6) mm, as in Fig. (9).

Return loss (dB)

-35 4 [ ] = = aws=2 mm
- = aWS=3 mm
= = =ws=4 mm
= = aWs=5mm

ws=6 mm
= = sW5=/ mm

40

-45

_50 T T T T T
4.0 45 50 55 6.0 65 7.0

Frequency (GHz)

Fig. (9): Return loss of proposed antenna with dif-

ferent Ws of slot.

The optimum dimensions of the patch and

slots of the proposed antenna, with the best

value of the band width listed in Table (2).

“ 72 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies




Vol. 10, No. 19 and 20 P. (67-76), Sept., 2019

Huda Sh. Gally and Zeki A.Ahmed and Ahmad H. Abood

Parameters Value
Size the ground plane ( Lg x Wg) 52 mm * 67 mm
Dielectric constant (g,) 44 (FR4-epoxy )
Thickness of substrate (h) 3.5 mm
Size of the patch (L x W) 31mm x 46 mun
Feed position { X:. Y;) (0mm . -5.5 mm)
Frequency 5.1 GHz
Size of the slot Ls = Ws 20 mm * 6 mm
thickness of the slot t5 2 mm
hs 5.5 mm
M1 16 mm
M2 13 mm
M3 9 mm
M4 10 mm
M5 2.5 mm
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According to the dimensions listed in the
Table (2), the return loss of (] [) -slot anten-
na shown as in Fig. (10). The bandwidths for
(-10) dB return loss ranging from (4.5 to 5.54)
GHz or (% 20.4) especially at (5.11) GHz, and

ranging from (6.35 to 6.540) or )3%( at (6.44) o]
GHz.

250
0

The input impedance as shown in Fig. (12),
at resonant frequency (5.1) GHz the real part

of impedance is approximately (50) Q and the
imaginary part is zero

300 +

n
(=1
(=]
1
-
-

1504
100 \

[
Impedance {ohm)

¢n o
S o &
[
N
’
'
[
x
.

[P
-100 o
-150 o
----Real
-200 o

Return loss (dB)

h 250 :

' 4.0 45 50 55 6.0 65
:' Frequency (GHz)

4

-20 4

-25

A e A o - o E Fig. (12): The real and imaginary part of input
Frequency (GHz)

impedance vis. Frequency.
Figure (10): Return loss of proposed antenna

The proposed antenna’s radiation patterns
The values of VSWR are (1.09 and 1.26) ar¢ shown in Fig. (13).
for the antenna at resonant frequencies at
(5.11) GHz and (6.44) GHz as shown in Fig
(11).

4.0 45 5.0 55 6.0 6.5 7.0 (tl':]
Frequency (GHz)

Fig. (11): VSWR of the proposed antenna. Fig. (13): (a) E-plane and (b) H-Plane pattern of
proposed antenna at )5.11(GHz
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The gain of proposed antenna shown in (5.11) GHz and the average gain is (6.5) dB.
Fig. (14). The maximum gain is (7.41) dB at

511,7.41

40 45 50 55 6.0 6.5 70
Frequency (GHz)

Fig. (14): The gain of the proposed antenna at (5.11)GHz.
As shown previously above the performance parameter of the proposed antenna is shown
in Table (3).

Table (3): Proposed antenna performance parameter

f 5.11 GHz
3 -22.735 dB at 5.11GHz
1 and -16.6 dB at 6.44 GHz
B.W 20% at 5.11GHz
' and 3% GHz at 6.44 GHz
1.09 at 5.11GHz
VSWR and 1.26 at 6.44 GHz
average gain 6.5 dB
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6. Conclusion

In this work we proposed a rectangular mi-
cro strip patch antenna with (] [)-shaped slot
to improving the band width of micro strip
antenna. The proposed antenna was designed
at (5.1)GHz with wider bandwidth and high
gain. Hence this antenna used widely in dif-
ferent applications of communication system.
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Abstract

Iraq is characterized by high abundance of solar energy, which can run many
solar energy systems, including adsorption refrigeration systems. A solar-powered
adsorption ice maker was built in Baghdad- Iraq. The ice maker works on two
adsorption pairs, namely activated carbon and methanol. The unit generator is a
flat plate solar collector of (0.211) m? filled with a grain activated carbon. The
flat plate collector was covered using a glass sheet of 6 mm thickness. A (3) kg of
granular activated carbon type (NORIT PK 1-3) of particle size is of (3.15) mm is
used as an adsorbent. Methanol is used as a desorbent medium. Different mass of
methanol is used to achieve different mass ratios of activated carbon and methanol.
A natural air-cooled condenser was used to condense the methanol vapour, while,
the evaporator was immersed in a water bath of 1-litre volume, intended to be
frozen. The maximum solar coefficient of performance is about 0.36, while the
minimum is approximately (0.1). The daily production of ice was (1) litre when
the top collector area of (0.211) m?, which is equivalent to (4.8) kg ice/m?.day.

Keywords

Solar energy, solar refrigeration, solar ice maker, adsorption refrigerator.
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1. Introduction:

Various research and development efforts
have been made to predict the performance of
the solar-powered ice maker.

In 1987, Pons and Guilleminot, 1986 [1]
had designed a solar-powered ice maker, with
6 m? top collector area. The collector contain-
ing about (130) kg of active carbon, the net
production of ice was (30-35) kg per day. The
net COP was about (0.12). Some of the spe-
cific aspect of such machines, like heat trans-
fer within collector, the delayed of adsorption
end and the chimney effect between collectors
were introduced. Lemmini and Meunier, 1990
[2] have presented a numerical simulation of
one-year around the operation of a solar ad-
sorption refrigerator operated with active car-
bon and methanol, the highest efficiency was
obtained in winter and the average solar COP
was (0.14). The solar ice maker adsorptive
model was studied by Boubakri et al., 2000
[3] the identification procedure is carried out
employing an experimental data base obtained
from tests carried out on two adsorptive solar-
powered ice-makers using a methanol/carbon
pair. The packaged component, the collector—
condenser, represents the main new feature of
these units. The prediction is compared with
results of correlations. This allows a compari-
son of the collector—condenser behavior in
the two units since the collector—condenser of
one of these units is equipped with a radiation
shield. The model is then used to study daily ice
production sensitivity vis-a-vis critical physi-

cal parameters of the unit and to estimate the

and Amar Sadoon Abdul Zahara

limits of the collector—condenser technology
with flat plate collectors.”,”DOI”:”10.1016/
S0038-092X(00, A two solar ice makers were
tested, each cycle operating on methanol/car-
bon pair. The experimental data was as input
to theoretical model. The results of the theo-
retical model were, the rear and front side heat
transfer coefficient of the generator and con-
denser were obtained. Y. and Wang, 2007 [4]
have reported a survey of novel technology to
improve adsorption system and make it be-
come a realistic alternative; more than (100)
patients were classified into four main groups.
Leite et al., 2007 [5], presented the thermody-
namic processes of the adsorption cycle and
the experimental results of a solar icemaker
use activated-carbon methanol pair. The col-
lector-generator consists of multi-tubular with
an opaque black radiation-absorbing surface.
The maximum ice production was (6.05)kg,
per meter square of collector area, when the
generator temperature was (100) °C. The re-
sults of an adsorptive system driven by solar
energy were simulated by Freni et al. 2008
[6]. The unit was used for freezing and cold
storage. The generator that contained the ac-
tivated carbon was connected to a solar col-
lector and an evaporator. The production of
the unit was (5) kg of ice/day, The simula-
tion of a solar ice maker working on the ac-
tive carbon/methanol pair was introduced by
Vasta et al., 2008 [7]adsorbent bed, condenser
and cold chamber (evaporator and water to be
frozen. The adsorption/ desorption processes

through the condenser and the generator cy-
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cle were described, the experimental test was
carried out in north Mediterranean climate. A
heat and mass recovery adsorption chiller has
been designed and tested by Luo et al., 2010
[8]. The chiller under study consist of a two
adsorption units, cooling tower, two stages
evaporator and a fan coil unit. The adsorp-
tion pair was activated carbon- methanol. The
key variables under study were temperature
of hot water, chilled water temperature, time
of heating and cooling processes. A two bed
(1.5) adsorption chiller with mass recovery
was studied by Khalifa et al., 2013 [9], the au-
thors mentioned that a semi continuous chiller
was produce when using two generators with
the chiller. Simple manual valves were used
to switch between the two generators. The ad-
sorption pair was activated carbon-methanol.
M.A et al., 2015 [10] has presented a tubular
solar collector/adsorber intended for the ad-
sorption refrigeration unit. Activated carbon—
methanol was used as an adsorption pair. Heat
and mass transfer in adsorbent bed and energy
balance in the solar collector/adsorber was
solved using Dubinin—Astakhov equation. Ef-
fect of some parameters, such as adsorption
pair, the size of adsorber tube, the tube ma-
terial and collector glazing cover, on the sys-
tem performances, were investigated A two
beds car adsorption chiller was introduced by
Khalifa et al., 2015 [11], a two copper tube
were installed concentrically to form the unit
generator. Two activated carbon layers were
used to line the inner surface inner copper

tube, the two layered were spaced by (5) cm.

the exhaust gas was simulated using propane
burner to produce a hot gases in the tempera-
ture range of (80 to 140) °C. The tubular ad-
sorber of solar adsorption cooling system was
presented by Chekirou et al., 2016[12]. The
unit was driven by a flat-type solar collector.
Three different configurations of glazes were
studied, namely; single glazed cover, double
glazed cover and, transparent insulation mate-
rial cover. The modelling and the analysis of
the adsorber were the key points of the study.
Solar energy was used to heat adsorber. The
unit generator contains a porous activated car-
bon with methanol. Cherrad et al., 2018 [13]a
transient numerical model, referred as CBSR
model, was developed for determining the
operating temperatures and its correspond-
ing times of the solar adsorption refrigeration
cycle with activated carbon AC35-methanol
pair for unsteady solar irradiation. The operat-
ing temperatures and its corresponding times
obtained by the present model compared with
those of the literature showed an acceptable
difference, whereas the study introduced most
factors which can affect the performance of
the machine. The presenting of the operating
temperatures of the solar adsorption refrigera-
tion cycle as a function of solar cold genera-
tion energy allowed to sweep the interval of
cycle temperatures of functioning of the ma-
chine according to climatic conditions (solar
irradiation and ambient temperature, has used
a transient numerical model to determine the
operating temperatures and the corresponding

times of the activated carbon AC35-methanol
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solar adsorption refrigeration cycle. The tem-
peratures and its corresponding times, which
obtained from the presented model, were
compared with those of the literature showed
an acceptable difference.

In this work, a solar adsorption ice maker
was designed and built to produce (1) litre of
ice. The unit performance is studied under the
variation of working pressure and the mass ra-

t1o of activated carbon to methanol.

2. Principles of adsorption cycle

The adsorption refrigerator is constructed
out from two containers, the first one repre-
sent the evaporator, while the second one is
adsorber. The two containers, condenser and
valves were connected together using copper
tubes. Four processes can be recognized for
the typical adsorption refrigeration cycle as
shown in Fig. (1). Starting with the Isosteric
heating process (1-2), in this process the sys-
tem temperature and pressure increases due
to solar radiation incidence on the flat plate
solar collector that contains active carbon and
methanol. The second process is the desorp-
tion and condensation process (2-3), desorp-
tion of methanol included in the active carbon
and condensation of vapour in the air-cooled
condenser. The third process isosteric cool-
ing (3-4), during the period when solar radia-
tion is at its lower value, active carbon cools
through removing of back insulation from a
collector, so that, both pressure and tempera-
ture of desorber decreases due to rejection of

sensible heat. The fourth process is Isobaric

and Amar Sadoon Abdul Zahara

(4-1), refrigeration process occurs, where
both sensible and latent heat is extracted from
the adsorber. The coefficient of performance
(COP) is the measure of cycle performance

and can be calculated as follows:

M, € (Ti — Tf) + Micelty
At Aty

I.1.a.4

COF =

Where:
m_and m_: Mass of water and ice respec-
tively (kg).
¢, Specific heat of water (kJ/kg K).
T, and T Initial and final temperatures of wa-
ter (°C).
h,: Latent heat of water fusion (kJ/kg).
At : Time required to cool water from initial to
final temperature (s).
At: Time required to freeze the water (s).
I: Solar radiation falls on tilt surface (kW/m2).
T and o: Transmissivity and absorptivity of
glass cover.
A: Collector area m2.

3. Construction of the solar
refrigerator

To find out the best mass ratio of active
carbon to the methanol, working pressure and
working temperatures, an experimental pilot
device made of a small glass ice maker was
built firstly. The glass ice maker that is shown
in Fig. (2) was built from around bottom, three
necks glass flask of (1) litre volume, which acts
as vapour generator, a glass condenser, and a

round bottom glass flask, which serves as an
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evaporator. The generator is heated by a hot
water bath, while, the evaporator is immersed
in another water bath at ambient temperature.
Different experiments were achieved; the key
variables are the mass ratio of activated car-
bon to the methanol. After finding the suitable
mass ratio of active carbon to methanol, work-
ing pressure and temperatures, the solar-pow-
ered ice maker was built as shown in Fig. (3).

This solar-powered ice maker aims to pro-

=
2
2
e 3
P,e B
1 4
Temperature

Fig. (1): Adsorption refrigeration cycle

duce about (1) kg of ice per day, so, the com-
ponents of the system should be specified and
designed to meet this objective.

The components of the solar powered ice
maker are flat plate solar collector of dimensions
of (460%46050 x) mm .The collector was made
from a copper plate of 1 mm thickness, and con-
tain about (3) kg of active carbon. The cooling
of the collector during the night is improved by
using air dampers within the collector.

Glass thermometer
Pressure measurments

(—T—7)
ham ~
A7) Water out
[ =S
N
!
= /C 150 mm
g ‘7<
g =) (
= Y/ Generator
E ~ ()\/ Water
s IS cooled
> .{\' condenser
"
Water in ou

/ \ Evaporator
\
[ 1100 mm
\
N P

Fig. (2): The pilot adsorption refrigeration unit

To enhance the heat, transfer between the top side of collector and adsorbent, four copper

fines are placed inside the collector in contact with top side and adsorbent, as shown in Fig.

(3). The air-cooled condenser was made of
finned copper tubes. A glass flask of (0.5) litre
volume was used as a receiver and equipped
by a valve, as shown in Fig. (3a). The glass
flask was used to measure the volume of con-
densate methanol. Finally, an evaporator of
dimensions of (26026 %260 X) mm, made
from a copper plate of (1) mm thickness. The
evaporator was immersed in a water bath of

(1) litre volume at ambient temperature. The
receiver, evaporator and water bath are placed
in an insulated container. The temperature
were measure at (18) points, two pints at the
condenser surface, (6) points at the collector
surface, another (6) point through the collec-
tor, the remaining thermocouples are used
to measure the evaporator, water around the

evaporator, receiver and ambient tempera-
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tures. All thermo couples were inserted in
copper tubes of (5) mm in diameter, then the
copper tube were installed through the unite
generator, as shown in Fig.( 3b).

Solar collector

Fig. (3a): the solar adsorption ice maker

Glass cover

Thermocouples location

Solar collector/
generator

m@&
Air cooled
condenser

Support

Fins

Receiver
Valve (r=p

Refrigerator|

cabinet Evaporator

Insulation

Fig. (3b): The solar adsorption ice maker, showing the
solar collector

The solar-powered ice maker is built in
Baghdad, Iraq to undergo the first cycle in

and Amar Sadoon Abdul Zahara

middle August. The key variables to be ex-
amined are working pressure; namely; (3, 3.5,
4 and 5) kPa. and the under study mass ratios
were (3.8:1, 3.2:1 and 2.56:1).

4. Results and discussion

Fig. (4) shows the variation of the tempera-
ture of unit components with the time, when
the mass ratio (MR) of activated carbon to the
methanol of (3.8:1) and the working pressure
is (5) kPa. It can be seen from the figure that,
the maximum mass of condensate methanol is
about (275) grams, while the minimum temper-
ature of the evaporator is about (5) °C, and it
remains constant for about (2) hours. It can be
seen from the figure that the activated carbon
temperature follows the collector outer surface
temperature. It can be seen that the mass of lib-
erated methanol starts from (10) hr due to the
opening the valve separated generator. As the
solar radiation increases, the mass of liberated
methanol increases rapidly tell (16) hr, then the
mass of methanol kept constant 16 to (24) hr.
due to constant pressure of generator during
the period of time mentioned above.

140

600

TR T T A T T T T T T T T T T T T 1T
Bagddd; Augucst27 Mass ratio 3.8:1

Evap. pressure 5 kPa

@ Evap. temp.
120 [FF Activated carbon temp.
—4- Collector temp.

[+ Ambient temp.
100 —— Methanol mass

N
1<)
S

80

60 -

Temperature (°C)
Methanol mass (grams)

IN]
=]
]

40 -

20 -

0 I T T Y 0
0 2 4 6 8 10 12 14 16 18 20 22 24
Day time (hr.)

Fig.(4): The variation of condensate methanol mass and
cycle components temperatures with the day time, mass
ratio is 3.8:1 and evap. Pressure is (5) kPa.
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Fig. (5) shows the variation of the tem-
perature of unit components with the time,
when the MR is held constant at (3.8:1),
but the working pressure reduces to (4)
kPa. It can be seen from the figure that,
due to the reduction in working pressure,
the mass of condensate methanol increases
to (315) grams, while the evaporator tem-
perature reduces to (0)°C, for about (2.5)
hours. The maximum collector temperature
follows the solar radiation.
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Fig. (5): The variation of condensate methanol
mass and cycle components temperatures with the
day time, mass ratio is 3.8:1 and evap. Pressure is

(4) kPa.

Fig. (6) shows the variation of the tem-
perature of unit components with the time
when the working pressure is (3) kPa,
while the MR is the same as in above. It
can be seen from the figure that, there is
insignificant effect on the performance of
the machine as a result of the reduction in

working pressure below (4) kPa. But, it can
be seen that the evaporator temperature is
slightly below (0)°C, which means the for-
mation of ice. The reduction in evapora-
tor temperature is due to the low saturation
temperature that corresponding to the satu-
ration pressure.
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Fig. (6): The variation of condensate methanol
mass and cycle components temperatures with the
day time, mass ratio is 3.8:1 and evap. Pressure is

(3) kPa.

Fig. (7) shows the variation of variables
mentioned above when the MR reduces to
(3.2:1), and the working pressure is (3.5)
kPa. It can be seen from the figure that
the mass of condensate methanol is about
(395) grams, which offers more heat of
evaporation that must be delivered from
evaporator water bath, and also it can be
seen that the evaporator temperature bel-
lows (0) °C, which means freezing of wa-
ter in the evaporator water bath.
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5. Conclusions

The feasibility of ice production or even
cooling using solar energy was studied; it was
found that from the study:

1. it is possible to produce about (1) kg of ice per
day when the collector area is (0.221) m? which
is equivalent to about (4.5) kg ice/m”.day.

2. The solar COP of the machine ranged from
(0.1 to 0.36).

3. Working pressure and mass ratio of active
carbon to methanol have a significant ef-
fect on the performance of the machine.
The best mass ratio of active carbon to
methanol is about (3.8:1), when the work-

ing pressure is (4) kPa.
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Abstract

The purpose of this article is evaluation of the possibilities of using denitrifying
dephosphatation to enhance biogenic compounds’ removal in the wastewater
treatment plant with separated nitrification on fixed-film. The analysis was based
on the multi-variant simulations of the combined system: fixed film activated
sludge performance. Activated sludge ASIM 2d model related with the model
of pollutions transformations in fixed film was used. The results of exploitation
analyses were performed according to the input parameters: average daily rate
of wastewater, pH, COD values, total suspended solids, total Kjeldahl nitrogen,
nitrate nitrogen, total phosphorus and alkalinity. The results indicated that there
is a possibility of including fixed film in the activated sludge technology in order
to improve nitrogen and phosphorus removal from the wastewater. Nitrification
process will be performed in fixed-film, whereas nitrogen and phosphorus removal
from the wastewater will be performed in anoxic chambers which operate in the
activated sludge technology. Denitrifying dephosphatation process guarantees
the high level of total phosphorus reduction (81%), but only if the whole easily
decomposable substrate will be consumed by microorganisms in the anoxic

chamber and if enough nitrates will be present in the environment.

Keywords
Householdwastewater, Activatedsludge, Fixed-film, Denitrifying, Dephosphatation,
Mathematical model.
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1. Introduction

Wastewater treatment plants which were
put into operation in the late (70s and 80s)
of (20™) century do not fulfill the normative
requirements any more, particularly regarding
biogenic compounds removal [1]. Treatment
plant modernization means liquidation of
biofilters. Normally a designer does not see
the possibility of including biofilters into
biological dephosphatation scheme coupled
with nitrification and gentrification. Possibility
of integration biofilters and activated sludge to
intensify biogenic compounds removal from
the wastewater occurred when bacteria capable
ofdenitrifying dephosphatation were identified
[2,3]. Bacteria that accumulate phosphates
may be divided into two groups: bacteria
that accumulate phosphates from wastewater
with oxygen as an electron acceptor and with
nitrites as electron acceptors [4,5,6,7,8,9].
The first one belongs to classic anaerobic-
aerobic system whereas in the second case
phosphorus is removed in anaerobic48 anoxic
zones. Denitrifying dephosphatation allows
for elimination of oxygen chamber. In such
system competition between microorganisms
1s directed towards predomination of bacteria
capable of dephosphatation in anoxic
conditions. By avoiding unnecessary aerobic
usage of organic compounds, denitrifying
potential of the system increases and enables
effective wastewater dephosphatation with
low BOD,/P ratio. Closing dephosphatation in
anaerobic-anoxic cycle allows for separation

of nitrification and dephosphatation system,
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and conducting it on isolated biofilters or on
separate part of activated sludge [10,11,12].
Dephosphatation can be also effective when
nitrites act as electron acceptors. However they
cannotoccurintohighconcentrationduetotheir
inhibiting influence on process of excessive
phosphates intake by microorganisms, which
continues even after cessation of NO,-N
dosage into the sludge. According to Huang
et al. (2015), critical concentration of nitrite
nitrogen in anoxic chamber should not exceed
(5-8) mgN-NO,-dm’ [13]. Separation of
nitrification beyond the traditional system
leads to increasing the percentage of nitrifiers
in biomass, thus increase in productivity of this
process [ 14,15]. Introduction of nitrification on
biofilters into activated sludge systems allows
for more effective nitrogen removal in low
temperatures without necessity of increasing
volume of oxygen chamber [16,17,18].
Removal of higher amount of organic
compounds in anoxic conditions stands for
deeper denitrification and in consequence
reducing energy consumption for aeration and
lower production of excess sludge. Process
of denitrifying dephosphatation is possible
in flow and cyclically operating systems.
Research on denitrifying dephosphatation
in SBR reactor carried out by Styka (2004)
showed that due to introduction of anoxic
phase in the middle of aerobic phase in
anaerobic-aerobic SBR reactor with quick
filling, fraction of denitrifying bacteria
PAO (Phosphate Accumulating Organisms)
increased from (16 to 44%) of the total
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number. DEPHANOX system is an example of
practical realization of nitrification separated
on biofilter in a flow system [19]. This system
reduces general phosphorus by (71%) with
7.8 mgP-gsmo'-d! of its intake, whereas
efficiency ofnitrate nitrogen reduction reached
about (60%) with (30) mgNO,-N-gsmo'-d"
speed of the process. DEPHANOX system
also contributed to improvement of sludge
sedimentation capacity (sludge index equaled
ml-g') [20,21,22]. The objective of the
paper is to evaluate possibilities of removal
of biogenic compounds using denitrifying
dephosphatation process in a treatment plant
with nitrification separated on biofilters. This
evaluation was carried out on the basis of data
from one of municipal wastewater treatment
plants in Kuala lumpur Malaysia, in which
only trickling filter technology is currently

used as a biological component.

2. Material and methods

Results of municipal wastewater treatment
obtained in exploited mechanical-biological
wastewater treatment plant in kualalumpur-
Malaysia were the basis for performed
calculations. Wastewater from about (14)
thousand of citizens runs into the treatment
plant. The designed wastewater treatment
plant capacity equals (8620) m®/d. The
following objects are included into the
technological chain of the analyzed treatment
plant: horizontal sand separator with manual
sand removal, two Imhoff’s primary settling
tanks, two submerged anoxic filters filled

with BIOPEX packages (currently out of
exploitation), two I stage trickling filters filled
with quartzite break stone of 80 m?* m active
surface, three vertical intermediate settling
tanks, Il stage sewage pump station, three
II stage biofilters (two with quartzite break
stone filling and one filled with BIOPEX
packages), coagulant PIX dosing station
and two II stage secondary settling tanks
(vertical and radial) as shown in Fig.(1). In
determining the configuration of each variant
of modernized in the future technological
chain of wastewater treatment a principle of
maximum use of objects, which already exist
in the treatment plant, and minimum dosage
of chemicals was applied. Computations were
carried out for five technological variants as
shown in Fig. (2).

Differences in variants I-V result from
adopted values of anoxic chamber volume and
oxygen concentration. In general, wastewater
treatment processes in the discussed variants
run as follows: after initial treatment in
primary settling tank wastewater goes to
anaerobic chamber where orthophosphates
are released by bacteria cells. Energy to obtain
and converse substrates (easily decomposable
organic carbon) into polyhydroxyalkanoates,
mainly poly-B- hydroxybutyrate, accumulated
in PAO microorganisms’ cells is derived
from hydrolysis of cell polyphosphates.
Subsequently,  wastewater  runs  into
intermediate settling tank, where residue
1s separated in sedimentation process.

Supernatant rich in orthophosphates and
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ammonium nitrogen with small amount of in which nitrification of ammonium nitrogen
organic matter is transferred to trickling filter, occurs.

l |

Imhoff s. t. Imhoff s. t.
Vp=837m?, Vos=1560m’ Vp=83Tm?, Vos=1560m?
- i v
v ¥
Anoxic trickling | - -, r---| Anoxic trickling
- filter ! ! filter
« v ¥ .
¥
t. f. t. f.
D=25m, D=25m,
S=487m? S=d4R7m?
v ¥
I b :
s. 5. t. I-d.
5. st I-d. D=10m,Vu=536m 5. 5. t. I-d.
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AN 1 - m?
Pump station II-d
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! ! !
t. f. II-d.
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s. s. t. II-d. s.5.t. II-d.
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—— Actual sewage line

- ---Designing sewage line

Fig. (1) The exploited technological chain of the analyzed wastewater treatment plant: Imhoff s. t. -
Imbhoff settling tank; t. f. - trickling filter; s. s. t. I-d. - secondary settling tank first degree; Pump station
II-d. - Pump station second degree; t. f. II-d. - trickling filter second degree; s. s. t. II-d. - secondary

settling tank second degree
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Fig.2 The technological variants of the wastewater treatment plant facilities, included in the variant
calculations.

Sediment from the intermediate settling
tank with PAO bacteria is transported to
anoxic chamber to which also nitrified
wastewater from biofilter, rich in nitrates,
flow in. In anoxic chamber with low oxygen
concentration and presence of nitrates
as electron acceptors excessive intake of
dissolved orthophosphates with simultaneous
denitrification of nitrates takes place. The last
element of the system is the secondary settling
tank in which activated sludge is separated
from the treated wastewater by sedimentation.
Treated wastewater runs into the collector and
sludge is partially recirculated to anaerobic

chamber, while the remainder is discharged

outside the system as the excess sludge.
Table (1) compares technical parameters
of devices included in the analyzed variants.
Equipment from the mechanical part of the
wastewater treatment plant, II stage ofbio filter
with BIOPEX packages filling, intermediate
and secondary settling tanks from the
previously exploited technological chain were
left for operation, but I and II stage filters filled
with quartzite break stone will be eliminated.
Two existing chambers with submerged beds,
which currently are not exploited, will be
adapted as anaerobic chamber. In proposed
variants anoxic chamber will be a new object

created within modernization efforts.

Table (1) Technical characteristics of devices included in the analyzed variants

Device

Device characteristics

Variant | 1]

1] v \%

Primary settling
tank

Settling tank volume V = 837m3; Depth of the flow part H = 2.5m; Amount of sludge/wastewater
= 0.20; hydraulic load O, = 13.44 m*m*d™*

Anaerobic chamber

Oxygen concentration O, = 0.0 mg-dm?3; Chamber volume V = 100 m?; Retention time T,=0.4h.
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Intermediate
Amount of sludge/wastewater = 0.60

settling tank
Trickling BIOPEX packages; Specific surface A = 150 m?-m?, Filter volume V = 1460 m3, Oxygen concentration
filter 0,=2mg-dm?

Volume Volume Volume Volume Volume

400m® 400m3 1000m* 1000m3 600 m?
Anoxic chamber | O,=0.8 0,=05 0,=08 0,=0.5 0,=1.0
mg-dm3 mg-dm? mg-dm3 mg-dm3 mg-dm?
Depth H=4m Depth H=4m Depth H=4m Depth H=4m  Depth H=4m

Secondary

settling tank ] ]
Reactive settling tank

Volume V = 1880 m?; Depth H=4 m; Hydraulic load O, =9.74 m*m?.d*;
Sediment load O_ = 4.77 kg:-m2.d’; Amount of sludge/wastewater = 0.20;

Although it was assumed that in anoxic
chamber denitrifying dephosphatation will
occur, dissolved oxygen concentration was
accepted to range from (0.5 to 1.0) MgO,-dm”
for additional intake of phosphates remaining
the
Calculations of pollution removal capacity in

in wastewater by microorganisms.
analyzed variants of technological chain were
based on commonly used mathematical models
of pollutants transformation in bioreactors
with activated sludge and bio filters. In recent
years such attitude is more and more common
in simulation of exploited treatment plants as
well as in designing new technological systems
of treatment. Processes related to wastewater
treatment can be predicted using artificial
neural networks (ANN), where the number
of input variables can be separated by cluster
analysis [23,24] or by the principal component
analysis [25,26]. Models ASIM (Activated
Sludge Simulation Model) widely discussed

in literature, where the researchers are leading

in the modeling issues of operation of systems
with activated sludge [27,28, 29,30,31,32,33].
In the present work, the activated sludge
chambers were based on ASIM 2d model. This
model represents continuation of the previous
version called ASIM 2 [34,35,36]. It takes into
account dissolved substance which consists of
fermentation products, wastewater alkalinity,
very easily and easily decomposable organic
matter, nitrogen dioxide as denitrification
product, ammonium and ammonium nitrogen,
nitrite and nitrate nitrogen, dissolved oxygen
and inorganic phosphates. This model also
substances, such

includes non-dissolved

as: nitrifying  organisms, heterotrophic
aerobic and facultative anaerobic organisms,
indecomposable molecular organic substance,
and metal included
of

precipitation, PAO phosphate accumulating

salts hydroxides

in  processes chemical phosphorus

bacteria, cell components of bacteria e.g.

poly-B-hydroxybutyrates, polyphosphates,
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slowly decomposable hydrolysed organic
substances and general suspended solids
[37]. ASIM 2d model considers (21) unitary
processes

qualified into (5) groups of:

hydrolysis, processes with heterotrophic
bacteria, processes with autotrophic bacteria,
polyphosphate accumulating bacteria and
chemical processes. Mathematical description
ofdenitrificationprocesseswithpolyphosphates
accumulating bacteria was included in this
model. Simulative calculation of activated
sludge chambers was realized using BioWin 2
software [38]. To realize the objective of the
research, model of pollutants’ transformation
on biofilter, described in Rauch’s et al. (1999)
was also included in ASIM 2d model [39]. This
model consists of the following assumptions:
biological membrane is of homogenous
structure and density throughout the depth,
microorganisms are uniformly distributed in
the biological membrane, reactions occur with
first-order kinetics and dissolved substances
are 1immediately diffused by biological
membrane. Transformation of organic matter
and nitrification of ammonium nitrogen
in biological membrane were calculated
according to the scheme given by Henze et al.
(2002) [40]. Results of exploitation research
on the objective treatment plant, which
included: average daily wastewater inflow, pH
reaction, COD values (total and dissolved),
total suspended solids, Kiejdahl’s general
nitrogen, nitrate nitrogen, general phosphorus
and alkalinity were adopted as input parameters

for calculations. Wastewater composition was

determined by referential methods stated by
standards [40]. Analyses of total and dissolved
COD content (after filtering through a filter of
(0.45) um pore size in raw wastewater were
performed and then share of each fraction was
defined according to methods described by
Henze et al. (2002) [40]. Life time of sludge
was at 10 d and constant temperature at (T
= 20°C.) Constants of reaction kinetics were
implemented from the range given by Henze et
al. (1999) [41]; therefore, the obtained results
can only illustrate the potential possibility of
adaptation the existing biofilters into chain
with activated sludge. All simulations were

performed in set conditions.

3. Results and Discussion

3.1 Technological chain of
wastewater treatment plant

The main reason why variant calculations
of technological chain of the wastewater
treatment plant were undertaken was because
the treated wastewater did not meet conditions
from the water law permission for the
objective treatment plant for general nitrogen
and phosphorus concentrations, which was
confirmed by the statistical analysis of the
obtained outcomes. The results showed that
concerning BOD, values correctly for (66.2%)
of year, COD = (99.4%), total suspended
solids = (98.6%), general nitrogen = (3%) and
general phosphorus = (89.8%). Considering
insufficient capacity of wastewater treatment
concerning removal of biogenic compounds,

variant deliberations were carried out to search
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for optimal solution of technological chain
which would guarantee reliable operation of
the object, regarding nitrogen and phosphorus
removal from the wastewater and would also
enable maximum usage of the existing objects.
Classical technological systems with activated

sludge need to modify in order to intensify the

Ahmed Samir Naje

process of biogenic compounds removal [40].
Table (2) presents average values of each COD
fraction in raw wastewater, which were used for
modeling. Dissolved COD fraction constituted
less than (21%) of total COD whereas share
of decomposable (dissolved and molecular)

organic substances equaled (82%) in total COD.

Table (2) COD fraction in wastewater running into the treatment plant.

COD fraction Value, mg/dm?
Dissolved decomposable S_ 110.53
Dissolved indecomposable S 34.54
Molecular decomposable S, 456.92
Molecular indecomposable S 89.81

It suggests that the analyzed wastewater
1s susceptible to biochemical decomposition.
Table 3 shows average values of the analyzed
pollution indexes in the treated wastewater
obtained in performed calculations compared
to values gained from the exploitation of the
existing technological chain. Variants I — IV
lower treatment capacity was obtained for
organic matter in comparison to the existing
object. BOD, values were significantly higher
than the admissible level of (15) mg O,-dm”.
However, it was observed that increase of

anoxic chamber volume from (400 to 1000)
m?® and increase of oxygen concentration from
(0.5 to 0.8) mg O,-dm” causes increase of
organic pollutants’ reduction. It results from
the fact that although nitrified wastewater
after biofilter with low amount of organic
pollutants flows into the anoxic chamber, it
is still overloaded with organic matter from
the residue after intermediate settling tank.
Calculations showed that the average BOD,
value in the sludge was (1117.9) mg O,-dm”~,
and COD (2550.3) mg O,-dm".

Table (3) Capacity of selected pollution indexes observed in exploited technological chain and calculated
for analyzed variants.

Removal Removal efficiency variant (%)
Pollutants character RWW efficiency of i " " v
TWWTP* (%)
BODS (mg02-dm?3) 267.01 95 83 81.5 89 88 96
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COD( mgO,-dm*) 690.83 92 90 88 92.5 91.5 95
7SS (mg-dm?) 209.23 91 985 | 995 99.5 99.5 98
SEmEE| MR 62.37 58.5 70 70.5 72 73 42
(mg-dm?®)
General phosphorus 9.03 62 65 65 66 68 81
(mg-dm?)

*Treated wastewater of treatment plant

High load of sludge with organic
substances causes increase of oxygen demand.
Keeping low oxygen concentration in anoxic
chamber causes substrate to be only partially
mineralized which results in low BOD, and
COD production. It also results from low
activity of activated sludge in anoxic chamber.
The calculated respiration speed for variants I
and II ranged from (0.12 to 1.25) mg O, - gsm
“h'!, and for variants III and IV (7.54 and
9.67) mg O, gsm-h", respectively. For total
suspended solids obviously higher reduction
is observed in variants I-IV in comparison to
the one obtained in the existing object. In each
variant concentration of total suspended solids
in the outflow was lower than the admissible
value of (35) mg-dm?. Introducing anoxic
chamber after nitrifying filters contributes to
increase of removal of general phosphorus
from wastewater. It is mainly caused by
significant ammonium nitrogen reduction in
the wastewater in the nitrifying filter and its

slight increase in anoxic chamber.

3.2 Nitrogen and phosphates
Removal calculations
Clear nitrate nitrogen reduction resulting

from classic dissimilative denitrification

is not observed Fig.(3). In variants I-IV
general nitrogen concentration in the outflow
1s significantly lower than the one obtained
in the real object, however in each case the
admissible value of (15) mg-dm™ is exceeded.
In variants I-IV significant improvement
of phosphorus removal in comparison to
the existing treatment plant is not observed.
Average concentrations of general phosphorus
obtained from the calculations are slightly
lower than the real values for the analyzed
object and exceed the admissible value of (2)

mg-dm™.

= Variant 1

= Variant IT
= Variant 11
= Variant IV
= Variant V

Fig. (3) Profile of concentration values of nitrate
nitrogen for analyzed calculation variants.

It is worth noting, that phosphorus is
removed only biologically in the analyzed
variants, whereas in the existing treatment

plant it is removed by chemical precipitation
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with PIX coagulant, dosed at the inflow to the
IT stage secondary settling tank. Therefore,
possible modernization of technological chain
carriedoutaccordinglytothediscussed variants
would contribute to lowering the costs of
wastewater treatment. Together with increase
of anoxic chamber volume and decrease of
dissolved oxygen concentration from (0.8
to 0.5) mg O,dm” increase of consumed
phosphates can be noticed as shown in fig. (4).
Considering the fact that in anoxic chamber
nitrate nitrogen occurred in concentration
of about (9) mg N-NO,-dm”, there was a
possibility of denitrifying dephopsphatation,
because N-NO, was electron acceptor for
PAO bacteria. On the other hand, speed of
phosphorus intake in anoxic chamber could
have been be limited by insufficient nitrate.
Phosphates were partially consumed by
PAO bacteria when initial concentration of
N-NO, equaled (25) mgN-NO,-dm”, whereas
practically total phosphates intake occurred
with initial N-NO, concentration of (60)
mgN-NO,-dm™ and lasted until their complete
depletion. COD/N ratio confirms nitrates
deficiency for denitrifying dephosphatation.
Optimum value of this ratio should amount
(3.5) g COD/gN. With ratio higher than the
given one (in the analyzed wastewater it was
11.1) incomplete phosphorus removal occurs,
caused by deficiency of nitrates [42,43,44].
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Fig. (4) Profile of concentration values of
phosphates for analyzed calculation variants.

In variant V volume of anoxic chamber
was decreased to (600) m® and oxygen
concentration was increased to (1) mg
O,-dm”. As a result, significant improvement
in organic pollutants removal was observed in
comparison to variants I-IV. Average BOD,
and COD values at the outflow from the
secondary settling tank were lower than the
admissible value defined in the water-law
permission. Concentration of total suspended
solids slightly increased at the outflow in
comparison to previously analyzed variants.
General nitrogen reduction was significantly
worse and its average concentration at the
outflow reached (36.44) mg-dm= and clearly
exceeded value obtained in the existing object
and admissible value from the water law
permission. This situation is mainly caused by
significant increase of N-NH, concentration
in anoxic chamber to the level of (26.14)
mgN-NH,-dm~. of

concentration in anoxic chamber caused

Increasing oxygen

decrease of denitrification process, which
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in turn caused increase of general nitrogen
concentration at the outflow of the treatment
plant. At the same time, such action caused
increase of phosphorus consumed by PAO
bacteria (general phosphorus concentration at
the outflow of the settling tank was (1.74) mg
Pog'dm'3 and does not exceed the admissible
value. In anoxic chamber bacteria do not
have organic acids to their disposal so only
organisms capable of using stored, easily
decomposable substrates exclusively in
presence of nitrates as an electron acceptor are

promoted [45].

4. Conclusion

The use of biofilters as biological stage
in wastewater treatment plant exhibits a
significantly removal of organic pollutants
(BOD,, COD) and total suspended solids.
General phosphorus may be removed only by
chemical precipitation. There is a possibility
of including biofilters into activated sludge
technology in order to improve nitrogen and
phosphorus removal from the wastewater.
Nitrification process will be carried out on
biofilters, whereas in anaerobic and anoxic
chambers operating in activated sludge
technology process of nitrogen and phosphorus
removal will take place. Separation of
nitrifiers from heterotrophic organisms causes
lack of competition between these organisms
and higher stability of nitrifiers population.
In systems with nitrification in so called”side
sequence”

denitrifying  dephosphatation

process will be possible. Using of denitrifying

dephosphatation process reduces energy
consumption of the system related to decreased
oxygen need. Calculations showed that even
with oxygen concentration of (1) mgO,-dm
in anoxic chamber, denitrification as well as
orthophosphates’ intake were carried out by
microorganisms. It results from the fact that
PAO bacteria can use oxygen as well as nitrates
as electron acceptors. Effective biological
phosphorus removal is also possible, therefore
amount of chemicals used for the process may
be reduced Denitrifying dephosphatation
process guarantees high general phosphorus
removal at (81%) provided that total easily
decomposable substrate will be consumed
by microorganisms in anaerobic chamber
and that sufficient amount of phosphates
will be available. Calculations showed that
integration of biofilters with activated sludge
in flow system allows for high reduction of
organic pollutants, total suspended solids and
biogenic compounds from the wastewater.
Considering general nitrogen reduction,
the most favorable variant was the system
with anoxic chamber (1000) m*® in volume
and oxygen concentration equal to (0.5)
mgO,-dm~, whereas for phosphorus removal
the solution with anoxic chamber (600) m® in
volume and oxygen concentration of (1) mg
O,-dm™. ASIM 2d model seems to be extremely
useful tool for designing and simulation
of wastewater treatment plant operation. It
follows from the fact that it enables simulation
of most processes occurring in bioreactor

with activated sludge. This model considers
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mathematical description of denitrification

processes with phosphate accumulating

bacteria.
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