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Di — ethyl phthalate (DEP) .
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Effect of Freezing and Storage on the PET Bottles Filled with Water

Riyadh M. Alwan®, Aysser A. Ahamed®, Noor A. al-Qasim’, Roaa J. Mahdi', Quraish A. Kadhim? Hadeel H. Khaled®,
Alwan N. Jassem*

National Centre for Packing and Packaging, Corporation of Research and Industrial Development, Ministry of Industry
and Minerals, Baghdad, Iraq

“Chemical and Petrochemical Research Centre, Corporationof Research and Industrial Development, Ministry of Industry
and Minerals, Baghdad, Iraq

Abstract

The effect of various storage conditions on PET bottles filled with water was studied. Many PET bottles from the
commercial production of shathir factory in Baghdad were used in this experiment, some samples were kept in oven at 80°C
for 928 hrs, and other samples freezed at -5°C for 928 h. The water samples were analyzed by the methods of UV-Vis and
HPLC. The PET polymer samples were analyzed using XRD, AFM, FTIR, DSC and UV-Vis techniques. Our investigations
showed change in PET material in contact with water. At the end of the experiments, several phthalate esters under
investigation have been found in bottled water, quantification of these phthalates is in progress.

Keywords: |Freezing and Storage |PET Bottles |bottled water |
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200300400500 nm
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Crush strength

No. Sample *Kkplem?

1 Urea untreated 0.4-0.5

2 Urea treated with (1)gmlignosulfonate 0.5-0.6

3 Urea treated with (2)gmlignosulfonate 0.55-0.6

4 Urea treated with (3)gmlignosulfonate 0.65

5 Urea treated with (4)gmlignosulfonate 0.7

6 Urea treated with (5)gmlignosulfonate 0.8

*Kp= kilopascal
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- (5) @ Jsaall 3 LS il culS  dgua )Y Apilall il
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Exp.no. Sample Flow time (sec)*
1 40% Urea in H20 29.8
2 1g lignosulfonate in 40% Urea 30.4
3 2g lignosulfonate in 40% Urea 31.8
4 3g lignosulfonate in 40% Urea 32.9
5 4g lignosulfonate in 40% Urea 36.4
6 5¢ lignosulfonate in 40% Urea 37.7
7 Water only 21.6

Aa gl (uld Gl 3 23 gl Jslaall Jg 35 00 3%
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LignosulfonateCompounds as Slow-Release for Urea Fertilizer

Salman Abd-Alhussain Salman , Fadhil Majeed Hameed, Nabeel Mohamed Ali
State company of Fertilizer (South Region), Ministry of Industry and Minerals, Basra, Iraq

Abstract

Lignosulfonate compounds are useful to reduce or control the solubility and hydrolysis of urea fertilizer. The lignosulfonate
compounds are a large molecules organic compounds with properties working to improve the quality specifications of
nitrogenous fertilizers (organic and inorganic), such as increase hardness of granulated urea and reduce solubility in water
so that control the hydrolysis of urea in the soil (Slow-Release Fertilizer). These compounds reduce the release and
emission of ammonia from molecule of urea into the soil which control the process of nitrogen transfer and conversion of
urea fertilizer to ammonium ion and then to nitrate ion by working to inhibition the act of the urease enzyme within the soil
(reduce the loss of nitrogen which is necessary for plant growth and to give opportunity of time for the plant to utilize larger
quantities of nitrogen). The lignosulfonate compounds are better than other compounds which are used in this field such as
(Hydroquinone, Agrotain and sulfur)by their non- toxicity so they have no risk on workers in the application field and its
prices are low due to that it is a by- product of paper pulp production. Lignosulfonates are characterized that have an ability
to form a bridge bonds or chelating bonds with metals and its ions, especially ions that are needed by plants in very low
concentrations and as known (nutrients).

Keywords: | Slow-Release Fertilizer | Coated urea | Lignosulfonate compounds |
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Design and Manufacture a Domestic Solar Desalination and Disinfection System

Magid H. Ali' , Kareem Bahlool® ,Haqi Ismaeel®

'Energy and Environment Research Center, Corporation of Research and Industrial Development , Ministry of Industry and
Minerals , Baghdad , Iraq

“Chemical and Petrochemical Research Centre, Corporation of Research and Industrial Development, Ministry of Industry
and Minerals, Baghdad, Iraq

Abstract

Water is the most important liquid for all types of life on earth, where most civilizations depend on it. Due to the increasing
number of population and development , the water resources are contaminated, therefore the use of solar energy is one of
the effective solutions in water desalination and disinfection.

In this paper we designed and manufactured a solar system for desalination and sterilization of water which meet the needs
of homes in the remote and rural areas . This system consists of three filters (poly-prolene, carbon block, and granular
activated carbon) with solar powered UV lamp (8 watts). The production capacity of this system is (20 I/h) for well and
river water and increase to (60 I/h) for tap water.

The system was run on a salty and contaminated well (10 m depth) in Jadriya/ Baghdad. The results after test were within
the specifications standards.

Keywords: | water pollution | desalination and sterilization | solar energy | specifications and determinations |
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Role of Covered Urea with Sulfur in Improvement (Growth & Productivity) of
Sugar Cane SacchariumSp

Naseef Jasim Hmood, Akeel M. Nori

State Company for Sugar Cane industry, Missan, Iraq

Abstract

This research has been a accomplished in Sugar Cane Plantation in Majar—Elkabeer District in Missan Province during the
plantation season of the year 2010-2011. In this experiment we used the complete random sects design (R.C.B.D)in four
treatments in three repeated plots .The area of each plot is 60 m? The purpose of this study is to show the effect of using the
urea fertilizer covered with sulfur to improve the growth and productivity of sugar cane plants at the level of 21%N and
32%N with a single batch(one dose) before planting sugar cane plants. Then, the results were compared using ordinary
urea at the level of 32%N in two batches, 6-7 months after the date of planting. The obtained results showed that adding
urea covered with sulfur, distinguished with higher sugar cane plants during the different stages of growth.The level of
adding 32%N of sulfur covered urea has achieved the highest can stem of 135.7cm in comparison with the ordinary urea of
32%N in which the stems reached 128.6cm. Also the results showed an increase in the concentration of nitrogen in leaves of
sugar cane, while the level of 32%N of sulfur covered urea achieved the highest nitrogen concentration of 1.87% N. In
addition to the increase in productivity of the sugar cane in the area unit that reaches the highest production of 15.5 ton
\acres at the level of 32%N with sulfur covered urea. Through this experiment, we deduced that adding fertilizer of the tow
types did not affect the specific properties of juice of the sugar cane. The effect of adding one batch of covered urea with
sulfur, has a profitable return when it is compared with repeated batches of ordinary urea in economy of using the quantity
of the fertilizer. Also it has the benefit of efficiency of more amount of nitrogen fertilizer.

Keywords:| SacchariumSp | Covered Urea|
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The Role of Research and Development Department In Developing Vegetable Oil
Industries

Manal Matty Aziz, Amera Mohammed Noaman
The General Company for Vegetable Oils Industry, Ministry of industrial & minerals ,Baghdad,lraq

Abstract

In any field the research and development is one of the most essential entries for invention and creation, especially in the
area of industry, because it is a score in local ability improvement for foreigner competition. Developing countries depend
on research and development sector and support it with enormous budget, because economical growth mainly based on
ability to learn, invention and building.these three essential components are elementary strength sources for large countries
economy as The United States of America and achieving that has put it in the head of world economies. The discoveries that
depend on research and development are still one of the essential pillars for strength frugality. It is principal contributor in
the growth of national wealth and increasing investment levels.In addition, improving social plane and commonly the
goodness of life. So the American economy is still having these privileges and The USA spends about 250 billion dollar as
investments for the area of research and development.

The department of research and development in The General Company For Vegetable Oils Industry has an important rule in
utilization of what is available of abilities to maintain the continuity in these periods that many industrial organizations has
stopped by saving available alternatives for some rare raw materials and it is difficult to get them. Because The General
Company For Vegetable Qils Industry is one of the first companies that obtain the certificate of 1ISO 9001/2001 since 2001
and recently achieved certificate of ISO 9001/2008 so the section of research and development has effective rule in making
the study of benchmarking which is considerd one of the requirements of the quality managements .Annually this system is
summarized in learning from success of others, therefore we must know the place of our company in arab and foreign
competitors and the learning the points of strength and weakness to be able to make planes. This department put scientific
methodesto create new products or improving present products and that is what achieved by efforts in the recent years.
What concluded for many years from studying of benchmarking refers to great interest by the large countries in the means
of packaging, in addition to continuous developing of its products with new ingredients. We can say that The General
Company For Vegetable Oils Industryis still keeping the original formulas which was dependable because of the present
conditions and the competition in the markets.

Keywords: | research and development |vegetableoil industry developing |
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ABSTRACT

The interaction of gas - solid is very important chemical reactions as they enter all the phenomena of mass transfer, and
can also enter this interaction in the field of improving and protecting the environment through the interaction of toxic
gases on the surface of the solid material and turning it into materials under control. The factors influencing and
controlling can be determined by identifying the impact factor effectiveness on the thickness of the interaction (z): The
interaction of gas carbon monoxide CO with copper sulphate CuSO,4 and generate copper oxide CuO a substance do not
affect the environment and thus does not rid the environment of toxic substance carbon monoxide resulting from vehicle
exhaust before it is put into the atmosphere. The followings are concerned:
1 - Determine the effect of temperature on the reaction zone thickness z at relate between temperature with diffusivities
(DAB, DC, DKDP, DZ). 2 - Not neglecting effect of the ratio z/rc and concentration in reaction zone.
3 - To determine the effect of temperature on the concentration of greenhouse CAi interaction with the change of the
radius of minutes rc.4 - Determining the impact of Thiele Modulus coefficient on the thickness of the interaction region z.
5- Using the Matlab program to design a mathematical model for each case.

KEYWORDS:| gas solid reactions |CuSO, reaction |mathematical model |

© 2015 Corporation of Research and Industrial Development. All rights reserved.

1. INTRODUCTION:

The debate on acid rain continues, at its core is the question of the role played by sulphur dioxide.Whether sulphur dioxide
is directly responsible for the increased acidity of fresh water hales and the destruction of forests or whether it is
catalytically converted only in the presence of nitrogen oxides may be unclear. Even the important of man-made sulphur
emissions compared with those which occur not naturally may be disputed but the fact that sulphur dioxide of the order of
108 tons is emitted from combustion and process annually is the cause for concern.The technology of preventing sulphur
compounds present in the fuel entering the atmosphere after combustion can be studied at three levels: The desulphurization
of the fuel before combustion removing. The sulphur or its combustion products in the combustion chamber by injection for
example, powdered calcium carbonate; treating; the flue gases as to remove oxides of sulphur, and possible other pollutions,
before discharge to atmosphere.The chemistry of possible processes is reasonable well understood but the technology
depends mainly on their commercial viability which depends in turn, on a market for by- products such as sulphur and on
emission standard laid down by government. Most research has concentration on the treatment of flue gases before
discharge to atmosphere. It has the advantage at least in the absence of a convenient method for desulfurizing fuel, of being
suitable for retrofitting to existing plant. Units which have been prepared and tested on various scales generally involve wet
or dry processes. Unless a wet process involves molten salts, the flue gases are cooled by contact with liquid and lose some
of the natural buoyancy of the flue gases. Dry processes may require flue gases to be cooled before the pollutants or
removed if the basic mechanism is sorption. Where the mechanism of removing is basically chemical as in catalytic or non -
catalytic reaction any subsequent heat recovery from the flue gases can be achieved without fear of the corrosion that is
likely when the temperature falls below the dewpoint of the oxides of sulphur. In the no regenerative limestone process
which the flue gases are contacted with aqueous slurry of limestone, it may be economic simply to dump the solid products
of the reactant. However, because of the scale of the world-wide problem it makes more sense in the long term to use a
regenerative process.Many of the regenerative processes which were investigated involve metallic oxides as the solid

[1]



Journal of Iragi Industrial Research Vol. 2, No. 1 (2015) 1-10.

reactant. The solid is recirculated and the sulphur is recovered. One of the advantages of these regenerated as metal oxide by
reducing in gases such as hydrogen, carbon monoxide and methane, at temperature similar to those used for absorption.

The operation of regeneration for catalytic (CuO) by using one of the components carbon monoxide or methane or by
drugged at temperatures equal the temperatures of absorption operation.In this study using carbon monoxide to converted
cupper sulphates (CuSQOy,) to copper oxide (CuO) to use as a catalytic to remove the sulphur dioxide from the flue gases.The
reaction (1) :-

CuSO,;+CO ........ CuO + SO, + CO, (1)
(S (G) S © ©

To design the reactors for (gas -solid) reaction we need more information about the chemical reaction and the information of
the effected diffusivity on the mass transfer to the interface.

There are some models controlled the relations between the reactants and product material (Shape interface) and (diffuse
interface).

The simple equipment for (gas - solid) reaction in industry is the packed bed reactor in a low pressure drop condition[1¢2¢3].

INTRA PELLET MASS TRANSFER

It is seldom possible to diffusion rates in porous materials by simply correcting bulk-phase diffusivities for the reduction in
cross sectional arcade to the solid phase.There are several reasons for this: [1:2:3]

1 - BULK DIFFUSIVITY

Diffusivity of vapours are most conveniently determined by a method developed by Winkelmann liquid allowed to
evaporate in vertical glass tube over the top of which a stream of vapour-free gas is passed, sufficiently rapidly for the
vapour pressure to be maintained almost at zero. If the apparatus is maintained at steady temperature, there would be no
eddy currents in the vertical tube and mass transfer will take place from the surface by molecular diffusion alone. The rate
of evaporation can be followed by the rate of the full liquid surface, and since the concentration gradient is known, the
diffusivity can then be calculated.

In many cases, the diffusivity (D) for the transfer of one gas in another may not be known and experimental determination
may not be practicable. Many attempts have been made to express (D) in terms of other physical properties and the
following empirical equation of Maxwell's, modified by Gillis and, gives satisfactory agreement with the observed
figures:[2]

4.3 x10~4T15[(1/MA)+(1/MB)]%-5
P(VA1/3+VB1/3)2 e e

(1)

Dag=

Where: -

Dag: Bulk diffusivity in (m /s)

T= Temperature (K)

MA, MB= M. weight of A &B (K‘;gol)
P =Pressure (N/m?)

3
VA, VB= Molecular volumes of A &B (Knr;ol)

2 - KNUDSEN DIFFUSIVITY (DK) A

For evaluating the Knudsen diffusivity we may use the following equation for the average molecular velocity for a
couponed of in a mixture:

8 Rg T)1/2
—dn) e

VA=(

Where: -

VA = Molecular Velocity

Rg = gas constant

T = temperature

MA = molecular weight of substance

The Knudsendiffusivity depends on the molecular velocity and the pore radius (a).
In terms of simple kinetic theory, these can be described by the equation:

2
(DK)A = gaVA [SOTPRRUIRR ) |
Combining this equation (3) with equation (1) gives working expression for (Dk) A in a circular pore of radius (a).

(2

12]
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1/2

(DK)A = 9.70 x 10%(%) (8

Where :- (DK) A is in square centimeter per second, a in centimeters, and T is degrees. Kelvin [4, 5].

3 - GASEOUS DIFFUSION IN SINGLE CYLINDRICAL PORSS BASIC EQUATION (EFFECTIVE
DIFFUSIVITY)

For many catalysts and reaction conditions (especially pressure) both bulk and Knudsen diffusion contribute to the mass-
transport rate within the pore volume.For some years the proper combination of the two mechanisms was doubted. About
1961 three independent investigations proposed identical equations for the rate of diffusion (in binary gaseous mixture of
(A) and (B) in terms of the bulk Diffusivity (DAB) and Knudsen diffusivity DK).
If (NA) is the molar flux of (A), it is convenient to represent the results as equation (4a).

pt D dYA

RgT  dx
Where YA is the mole fraction of (A, X) is the coordinate in the direction of diffusion, and (D) is all combined diffusivities
given by equation (4b)

1

NA =

D= I A7DAB T 1/(ORA e e (4D)

The quantity is related to the ratio of the diffusion rates of (A) and (B) by:

NB

For the reaction A— B, reaction and diffusion (at steady sate in a pore) would require equimolar counter diffusion; that is:
NB =-NA
Then t= 0 and the effective diffusivity are:-

1
D= T 5AET oA (©

When the pore radius is large, equation (5) and equation (6) reduces to the conventional constant — pressure for bulk
diffusion for this condition (DK) A—o.
Then combining equations (5) to (7) gives.

N= — P pdY L aNa + NB) @)
= RaT  dx y.
In addition, the diffusion is equimolar, equation. (5) May be written as follows:
N = — Pt pdYA 8
~ RgT  dx - ®

If the pore radius is very small, collisions will occur primarily between gas molecules and pore walls rather than between
molecules. Then Knudsen diffusivity becomes very low, and equation, (5) and (6) reduce to:[4, 5]

Na= —2 KA dYA 9
= et e (9)
2 FLUID - SOLID NONCATALITIC REACTION

1- REACTION MODELS:

When components in solid and fluid phases react, the sequence of steps must be similar to those for fluid - solid catalytic
reactions. Catalytic reactions were explained in terms of three - stop process adsorption of fluid molecule on the solid
surface, reaction on the surface involving the adsorbed molecule, and deception of product. We shall not be concerned here
with the mechanism of these processes; instead we shall start out on the basis that the rate equation is known from
experimental measurements. Often observed data agree with a rate equation which is first order in concentration of the
reactant in the fluid phase and directly proportional to the surface of the reactant in the solid phase, for example, despite the
stoichiometry of the reaction (2):

A(g) + bB(s) — E(g) + F(s). .2

The rate of the reaction has been found to be first order with respect, reactant (non- pore - diffusion resistance) which
supposed to be the solid reactant, is so porous that the fluid reactant can reach all parts of the solid without diffusion
resistance; this is depicted in Fig (1) Now the rate particle would vary as the surface of solid reactant changes with time and
the layer of solid product accumulates. The key factor here is that the concentration of the reactant in the fluid phase is the
same at any location within the particle to gaseous. The experimental procedure, used to study the kinetics consisted of
measuring the conversion of the solid reactant, either as a large single pellet or a sample of small particles. This is
commonly carried out by observing the change in mass of the solid with time[4, 5].

131
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Figure (1): Models for gas-solid no catalytic reactigns of the type A(g) + bB(s) — E(g) + F(s).[4]

(a) Shrinking-core model. (b) Highly porous reactant. (c) Porous reactant pellet composed of nonporous particles [2].

2 - SHRINKING CORE:

If the reactant is nonporous, the reaction will occur at its outer surface. This surface with extent of reaction as shown in Fig
(1,a). As reaction occurs, a layer or product builds up around the unreacted core of reactant. A porous particle might also
behave in this way if the resistance to reaction is much than the resistance to diffusion of fluid reactant in the pores of the
particle. The key factor in this model is that the reaction always occurs at a surface boundary, that is, at the interface
between unreacted gas and surrounding solid product. Models for gas - solid no catalytic reaction of the type (reaction 3)
aA(g) +bB(S) cvvirinennnnn ¢E (g) + fF (s) N E))

a- Shrinking - core model

b- Highly porous reactant.

c- Porous reactant pellet composed of non-porous particles.

3 — POROUS REACTION: (intermediate pore - diffusion resistance): An example of this case would be a solid reactant
formed by compressing non porous particles into a pellet as shown in Fig. (1, C).Pores surrounding the particles are
supposed, or be small enough that the fluid reactant concentration decreases significantly toward the center of the pellet. All
three models have been used as bases for integrating rate equations. Choice of the most appropriate one depends on the
initial form of the solid reactant and the changes that occur with reaction. [4].

GLOBAL RATE EQUATIONS (SHRINKING MODEL):

Suppose that the gas- solid reaction:

aA (g) tbB(s) ceovnnnnnn ¢E (g) + fF(s) .. 3

Obeys the shrinking - care model Fig (1, a), where solid reactant (B) is initially a sphere of radius rs. The solid sphere is in
contact with the gas (A), whose bulk concentration is Ch. consider the case where the temperature is uniform throughout the
heterogeneous region. When a reaction occurs, a layer of product (F) will form around the unreacted core of reactant (B). It
is supposed that this layer is porous, so that reaction occurs by diffusion of A through the layer of (F) to react at the
interface between (F) and unreacted core. This situation is shown in Fig. (2), where the concentrationsF (A) are various
locations. The shape of the concentration profile from bulk gas to reacting surface is also indicated. It is assumed that the
pellet retains its spherical shape during reaction. It is also assumed, for convenience, that density of porous product and the
reactant (B) are the same, so that the total radius of the pellet does not change with times and there is no gaseous region
between the pellet and the product layer (F) [4].

Figure (2): Concentration profile in a spherical pellet (shrinking-core model) [6].

Taking the limit r —0 gives:

[4]
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d<2d dCA)—O (10)
T de ) T 0

If this expression is integrated twice, with the boundary conditions
CA=(CA)s at r=rs

CA=(CA)X at r=rc

Used to evaluate the integration constants, the result will be:

CA - (CA)c = [(CA)s — (CA)C ] 22 o (1)

1-rc/rs
According to the spherical geometry of the particle, the rate of reaction of B (moles per unit time per particle) may be
written as.

dNB  pBd 4 .\ 4mrc’pBdrc 1

% - MB dt(3 Tre )— MB  dt e (12)

Granting pseudo study - state conditions, the three rates - diffusion of A through the boundary layer, diffusion through the
layer of product, and reaction at the interface - are identical. By equating the expressions for each of these processes, the
concentration (CA) can be expressed in terms of the known (CA) and the radius of assumed to be first order three rate
equations, expressed as moles of A disappearing per unit time per particle are:[5,7,8]

- % = 4mrc?Km [(CA)b — (CA)s]External diffusion .... .(a)
- T—t‘q = 4mrc?De (cf—f)rzrcDiffusion through product .....(b)
A 4mrc?K(CA)c Reaction atrc .............. (c)

dt
1 - ADIFFUSE INTERFACE MODEL FOR FLUID -SOLID REACTION.
The model:It will be assumed that reaction is occurring between a fluid and porous solid sphere. The reaction will be
assumed to be irreversible for the condition of chemical reaction control. Fluid product will not accumulate at a point of
reaction. It will be further assumed that the reaction is (N) and (M) Order with respect to fluid and solid reactant also that
the reaction zone is narrow and the variation of concentrations through the zone is linear. For these assumptions,
concentrations at a point within the zone of radius (r) are given by:

c= (I‘—ZI‘C)Ci

q= (1_I‘—ZI‘C) qo

Where symbols are defined in the note, the total rate of reaction is the given by integrating across the zone.
el f”” (r - rc)n (1 r— rc)m q
TIK C1 qO r — r.
q rc z

Z

The integration can be carried outby substituting.
r—rc
p =

Z

The rate at which reacts can also be expressed in terms of rate of diffusion at the product - zone interface, the rate is
proportional to the mean diffusivity of the zone, Dz, and the mean concentration gradient across the zone C i/Z.
alternatively; the rate can be expressed as the product of the diffusivity of the product layer, Dp, and the concentration
gradient at the product zone interface.

CAi CAi
Dz—=DpV —

Z Z
Where:
V= concertration gradient at product — zone interface
~ mean concentration gradient across the zone

The diffusivity in the reaction zone varies from a value of Dp, at the interface with the product layer, to Dc, at their other
limit of the zone. A mean effective value, Dz, halves in which Dp or Dc[8, 9, 10].

Total molar flux in reaction zone= %Dz ............. (1A)
Molar flux in product half = CAiZ;ZCAiDp ...... (1B)
Molar flux in reactant half =%Dc ......... (10)

Where CAi is the concentration of gaseous reactant at product - reactant interface in reaction zone.
From (1B) and (1C)
CAi PP __ i
1= —CAI
(Dp + Dc)
Substitute for C in equation (1C) getting:

5]
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Molarployz—fC . (D;fDC) CAI e (1D)

From equations (1A) and (1D)
2Dp Dc
Dz= ————
(Dp + Dc)
1 1 1
Ora = ﬁ + >de
The rate of diffusion at the product layer - reaction zone interface can be expressed:-

CAi = CAo z | . 13)
z+ (rc+z)(rs—rc—z)m
And ¢ is the Thiele modulus:[1,9,10]
K.qo 05
¢s=rs ( Dz ) vt e e e e e e e e e (14)

3. RESULTS AND DISCUSSION:

Using the Matlab (7) program to plot data and design a mathematical model for each case.
Case 1:(1-1) Relation DAB, DKR, DKR with changing temperature in figure (3: a,b,c):

Terprsas i 1)

Figure (3a)

i i
a3, r

Figure (3 b)

X’ d

| I L L
T B

Figure (3 ¢)
DAB= (0.0011*T-0.3017)*E-04 ... (1-1a)
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Dkr= (0.0005*T+0.4307)*E-06 ... (1-1b)
Dkp= (0.0006*T+0.4966)*E-06 ... (1-1c)

(1-2) Relation Der, Dcp, Dz with changing temperature in figure (4).

Figure (4)
Dcr= (0.0002*T+0.1388)*E-06 ... (1-2a)
Dcp= (0.0002*T+0.1634)*E-06 ... (1-2¢)
Dz=(0.0002*T+0.1482)*E-06 ... (1-2d)

(1-3) Relation K, CAO, with changing temperature in figure (5: a,b)

Fign 13

Figure (5a)

g

Tt

Figure (5b)

K= (0.000002658472757 T/2-0.003978951396786T +1.481633507681788)*E+06.....(1-3a)
CA0= (-0.0019*T+3.0630).......... (1-3b)

(1-4) Relation Z1, ¢, with changing temperature in figure (6: a,b)

|71
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Tenpestas m )

Figure (6a)

| | I | |
00 50

00
Tempratur in (k)

Figure (6b)
Z1=(0.000004954404357 T~2-0.008689337582572T+3.822227240208562)................ 5a
(= (0.000007039201257 T~2-0.009380528373257T+ 3.161409686005668)*E+03............

Case 2: Relation CM with changing (rc) in different temperature in figure (7).

;;;;;

T8
Rein me

Figure (7)
Cai=(0.027114992121849 Rc"2-0.081344976365547Rc+ 1.337183276470589) ....(7)
As follows in figure (8)
At T= 973 K (700C):

Figue 27

Figure (8)

18]
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Cai= (0.036752984068627 Rc"2-0.110258952205883Rc+ 1.268035765196079)... (8)
CONCLUSION

The diffusivity of product is larger than the effect diffusivity of reactant.

Because of the molecule of copper sulphate (CuSQ,) losses one molecule (SO,) and one atom of Oxygen, then
porosity increases.

Temperature effect on diffusivity. When temperature increases, diffusivities increases, due to the increase in
temperature leads to increase in the kinetic energy of molecules.

Effect of temperature on reaction constant. When temperature increases the reaction constant increases, but the
increase is very high because the relation between temperature and reaction constant is exponential.

Where:-

K = AeE/RT

. The relation between temperature and reaction zone. When temperature increases, the reaction zone decreases. This

reduction in reaction zone is inversely proportional because when temperature increases, the rate of reaction
increases, and the reaction zone thickness decreases because the material is converted to product.

Effect of radius of unreacted core (r.) on the gaseous concentration (Cy;). In case | the reaction zone (z)) is constant
with changing the radius of un-reacted core (r.) with time for any temperature. But the gas concentration (Cy)) is
decrease to reach half radius (r;) because the rate of reaction is high in the beginning of the reaction, after half (r.)
the concentration is increase to reach the value of concentration (Ca;) in the beginning (for one temperature).The
relation between (r.&Cp;) ,we noted the relation changes with temperature. In case 1l the reaction zone (z2) is a few
in the start because the rate of reaction is highly. But with time and decreased the rate of reaction the zone of
reaction is grown for decrease the (r.) for any temperature. We noted that the relation is changing with temperature,
but at high temperature the increase of reaction zone is smaller than at low temperatures because the rate ofreaction
is high at high temperature.

Relation of Thiele modulus (¢) with reaction zone (z). We noted, Thiele modulus (o) is low values because at high
rate of diffusion the rate of reaction decreases, and we noted that at low values reaction zone (z) the Thiele
modulus (o) is high values. And thus the effect of diffusion on rate of reaction is high.
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ABSTRACT

In this paper a new condensed drug polymer were synthesized from polycondensation of cephalexin acid chloride and
D-alanine acid chloride producing polyamide as a bioactive and drug polymer. The prepared peptide polymer was
characterized by using *H-NMR,FTIR and UV spectroscopy. Intrinsic viscosity was 0.5 dl/g .The swelling % was
calculated for the polymer. The controlled release rates were measured in different pH values at 37°C.
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1. INTRODUCTION
New biodegradable polymers with an aromatic ring in the main chain and with aromatic ring in both the main chain and the
pendant group were synthesized by direct polycondensation of L-Lactic acid and aromatic hydroxyl acids such as DL-
mandelic, p-hydroxybenzoic acid, p-hydroxyphenylacetic acid using polymer system composed [1]. The use of
biodegradable and biocompatible polymers in drug delivery systems has recently been attracting considerable interest, for
narcotic agonists[2], local anesethetics[3], steroid hormones [4], physiologically active peptides [5], and anticancer agents
[6] for such purposes, the carriers supplied are generally composed of relatively high molecular weight polymers which
have been synthesized in the presence of catalysts, The use of polymer systems containing an aromatic hydroxyl acid in
both the main chain and sidchain , such as DL-mandelic acid, p-hydroxybenzoic acid, p-hydroxyphenylacetic acid, p-
hydroxyphenylpropionic acid since studies on the polarizablity and biodegradability of aromatic hydroxyl acids[7].The
prodrug polymer was prepared according to ring opening of polyvinylpyrrolidinone with nucleophlic attack of hydroxyl
group or by amoxillin or ampicillin [8,9]. Ortho and meta amino phenols were allowed to react with itaconic anhydride in
dry THF or acetone at room temperature and good yields of the corresponding N-substituted itaconamic acids then
condensed with formaldehyde to obtain their then condensed with formaldehyde to obtain their resins[9].All aromatic
thermotropic polyesteramides based on the use of acryl derivatives of 4-aminobenzoic acid, 4-aminophenol, and p-
phenylenediamine have been described. In the following structures (a and b) alternating polyesteramides are exemplified by
(A)(TH=132 °C) and (B)(Tm=253 °C). The latter has been studied in detail as a homopolymer and as the hard-segment
constituent of polyesteramide-polymer block copolymers of elastomeric character[10].

0

" " N |
.~<(CH2)5—|C|Z—NH(CH2)5—H?:. .{O(CHz)GO—ﬂOC—NH(CHZ)GNH—C—Q- }n

(A) B)
Polyesters containing suitably activated sequences of conjugated double bonds undergo insolubilizing cross linking reaction
on exposure to actinic radiation .By tailoring the structural detail of the chromophores, sensitivity can be provided to choose
wave-lengths in the UV or the visible spectral regions. Applications of this principle are probable in photoresists and laser
imaging, and in the case of structure (E) that follows (C) and (D), for the formation of network crepitate resins with
selective binding power for cations.

o—0
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In chemically controlled drug delivery systems, the release of a pharmacologically active agent takes place in the aqueous
environment. Swelling studies as a function of pH in different buffer solutions to determine the water-transport mechanism
that governs the swelling behavior. For some formulations with bisacrylamide in the presence of starch/ ethylene co-
vinylalcohol copolymer blend [11].Water soluble drug transport in crosslinked polymers material was investigated to
determine the effect of polymer morphology, composition and solute properties on release behavior [14, 15].The condensed
polymer were prepared as poly(ester-amide)s, by reaction of glycine, alanine, hestidine or aspargine with adipoyl chloride in
the presence of triethylamine as a catalyst [12]. N-substituted heterocyclic amine or aminoacid polymers were prepared
from modification of polyvinylpyrrolidinone with heterocyclic amines or with aminoacids [13].

2. EXPERIMENTAL

All chemical materials were purchased from Fluka. All available chemical reagents were used without further purification.
FTIR spectra were taken on (Fourier Transform Infrared spectraphotometer- shimadzu).C.H.N analysis were determined
subsequently by C.H.N analyzer, model LECOGO,SC132 respectively.

Electronic spectra measurements are using cintra-5-UV.visible spectrophotometer. Intrinsic viscosity was measured by
capillary viscometer type Ostwald viscometer at 30 °C.

Polymer swelling % wasdeterminated using different non solvents according to the following relationship:-
S%:(Ml-Mo)/Mo x100

Where My is the mass of dray polymer at time 0

M is the mass of swollen polymer at time t

Conversion of D-alanine or Cephalexin to acidchloride derivatives

In a round bottom flask provided with magnatic bar was placed dissolved D-alanine in dioxane, and the stochiometric
amount of thionylchloride was added drop wise at 0°C . The mixture was stirred for 20 min. The product was isolated and
washed by ether and dried.The same conditions was used with cephalexin to convert to acidchloride derivative.
Polycondensation of D-alanine acidchloride and cephalexine acidchloride

A 100 ml round-bottomed flask equipped with a magnetic stirrer, athermometer and reflux condenser was charged with 10
ml of dioxane, ( 0.1mole) D-alanine and (0.1mole). The mixture was stirred and refluxed for about 3h. and homogenous
solution was achieved. The mixture was cooled at room temperature, and the precipitate condensed polymer was collected.
The produced polymer was rapidly washed with alcohol and dried at 50 °C in vacuum overnight, the yield was 90%.with 1,
=0.5.

Controlled drug release studies

50 mg was placed in 100ml of buffer solution with pH 4 and 10 at 37 °C. At periodic intervals 3ml of solution containg drug
polymer withdrawing and tested at Ana 290 nm using UV-VIS spectrophotometer. The release media were changed
periodically with fresh KCI-HCI solution. The release studies were continued until the absorbance of the final solution was
zero. The amount of released cephalexine was quantified using appropriate calibration curve.

[12]
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3. RESULTS & DISCUSSION

The objective of this research work was to incorporating cephalexine and D-alanine backbone of condensed polymer
containing amide groups. In basic idea behind the development of such a system is to maintain a constant level of drug in
the blood plasma in spite of the fact that the drug does not undergo disintegration [14].The new condensed drug polymer
was prepared as bioactive polymer due to containing antibiotic and amino acid units as shown in the following equations
(1,2,3) and structures F and G:-

0 0
0
HO—C—Ceph.-NH; + $0Cl, ——» CI—C—Ceph-NH, 1)
0
°C
HO—C~——alan—NH, 4 SOCl, ——» Cl—C——alan—NH, &

0 0 (‘3‘ 0

I I _
N Cl—C-Ceph.—NHj 44,Cl—C-alan—NH, iCl, .WAEWC—Ceph:NH——Ll-aIan. _NHN"]}V\MMI (3)

n
Condensed polymer R

0]
NH, S
NHW
HO—|(l,—Ce h.-NH, - = ‘ (F)
Pn.=NF2 = Cephalexin = 0 oM A
3
COOH
0
COOH
G
HO—C—aIan.—NH2 =D-alanine :H(:Z—CH3 ( )

NH,

This amide polymer P1 was characterized by FTIR spectroscopy, Fig.(1) shows the absorption at 3200cm™ for v-NH group
and 1656cm™ due to v-C=0 amide and around 2950-2860 cm™ due to v-C-H aliphatic and the other at 3100 cm™ which
attributed to v- C-H aromatic and v-C=0O acid at 1724 cm™.
Fig.(2) of UV. Spectra shows the two peaks at Anax(360,260)nm due to (n-n*) and (n-n*) transitions.
Fig.(3) of the *H-NMR spectra of the prepared polymer shows the chemical shifts as shown follow:-

1- (1.2 ) ppm (CH,,CHs)

2- (8.3 ) ppm ( for different environment aromatic protons)

3- 8(3.5) ppm ( for HN-C=0 amide)

4- 3(2.7 ) ppm (CH neighboring amide and carbonyl )

0
2.7 35 28 | 33 19 g
MNH—CHZ—CO——NH—CH—C—NH—l—( s H)
/C_N = CH3
7
0
co),www
n

Fig.(4) shows the deferential scanning calorimetry( DSC) analysis revealed thermal stability of amide polymer at (114.6) °C
which shows the crystalline melting temperature, in addition to the derivative of enthalpy change within the range of
melting temperature equal to (AH = 152.1 mj). Table (1) shows the thermal stability parameter of the prepared polymer
Table (1):Swelling percentage of the prepared polymer P1.
Codes No. Onset End set Peak Heat
P, 113.5 116.3 114.64 -152.1

8.1-8.3

The intrinsic viscosities of the polymer P1 showed n;, = 0.50 dl/g indicated low molecular weight as we expected.Swelling
% was studied for the prepared drug polymer in contact with compatible solvent, the swelling mechanism exhibited high
dependence on the amidepolymer composition which was significantly enhanced by different pH values. Table (1) shows
the swelling percentage of the prepared polymer.

[13]
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S% pH1.6 (24 hr) pH1.6 (48 hr)

pH7.4 (24 hr) pH7.4 (48 hr)

45 9.5

10.6 17.5

Fig.(5) shows the controlled release study at body temperature, at acidic pH 4 value, and at pH10 which is desirable in
membrane and drug delivery system.The of this work is to synthesize drug amide polymer which is successful for long term
drug delivery and highly desirable situation because it could analysis as biodegradable polymer, and release over a prolong
length of time, with high compatibility due containing D-alanine as amino acid and cephalexin as antibiotic material
through the backbone of the polymer chains. The following mechanism illustrated the hydrolysis of amide bond, equations

(4,5,6) and structure I :-

9
+ +
0 @H oo " OH + Ceph.NH
i alanine OH ph.NHg
alanine NH-CePh-—>(b)OH' &
alanine/ \O- + NH,.Ceph.

0 Co

11

11

. _C C. .
(@ alanine” "NH.Cephy H == alanine” WNH.Ceph. o,

LH OH

C.
alanine”” | NH.Ceph.

H,0
N
/(:)_H
NHp. Ceph. +  C_ (|3—H
alanine OH (&H
- /C\l"'
proton transfer alanine | NZCeph
éf,) OH |
.
NHg. Ceph. +alanine” “oH
Q
7 |
C nucleophilic addition o
(b)alanine/ NH.Ceph.. alanine” | N-Ceph..
OH |
i loss of NH.Ceph
OH
0
1 //
AN proton transfer /C\‘\ 4
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+
NH,.Ceph.. COOH
alanine COOH= D - alanine = H,C—CH
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s
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NH2 O// N / CH3
COOH

Mechanism of hydrolysis of condensed drug polymer
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4. CONCLUSION

The synthesized condensed polymer containing medicinal compounds such as cephalexin, and aminoacid such as D-alanine
as bioactive materials were incorporating through the backbone of amide polymer which could hydrolysis in different pH
values at 37°C to be desirable for long term drug delivery, and release over a prolong time, and to minimize the drug side
effects.
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ABSTRACT

The present work aims to improve quality characteristics of domestic galvanized mild steel water tanks via enriching
specialized knowledge about hot—dip galvanized mild steel sheets as manufacturing materials used for those tanks. By
pursuing of updated reliable international standards in that issue, it attempts for convenient yielding of them with national
requirements and environment. This research purposes by what it comprises of applied points and through implementing
of a developing approach to the utilizing of those tanks within the qualitative requirements and usage conditions that have
been designed accordingly. The present work significantly results in enhancing and enriching standardization
considerations in the concerned Iraqi standard through some developing considerations dealt with in it, and that represent
sound practical and economic propositions. Also, it intends to better galvanizing characteristics and improved anti
corrosion behaviour by performing experimental observations and tests it encompasses. The protection conferred by zinc
against the anticipated corrosive conditions in tanks is a function of its thickness. The proposed coating thickness of zinc
coated (galvanized) sheets for those tanks yields satisfactory, reliable and promising results after testing and evaluation
through the developing approach adopted and conducted herein. The research paper attains boosting tank performance by
avoiding defects which would adversely affect the efficient functioning of those tanks, gaining longer service life and
satisfying requirements such as strength , durability and better quality assurance .The resulted improvement which had
been accomplished in that context was by a ratio of about 25%. Quality upgrading, continual improvement and
qualitative development represent vitality and targeted benefits that the present work hopes to achieve in an endeavor to
approach horizons of future development in that field .

KEYWORDS:| Galvanized steel sheets | Zinc coating | Hot — dip | Water tanks and Iraqi Standard|
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INTRODUCTION

Standards and standardization permeate our everyday lives to an unimaginable extent for ensuring ease of life and better
quality for their different activities. It is of great importance to develop the professionalism and engineering practice for
standard specifications and standardization to work effectively in several demanding environments of the present life. That
allows prospering in today world of increasing performance requirements with less resources and different technical
challenges within the economic implications involved. The present work represents an effort towards developing and
implementing the Iragi standard concerning domestic galvanized steel water tanks for technological development and
national economy, and to get more benefits from standardization [1]. Zinc coating commonly known as galvanized coating,
have been the most widely used and most satisfactory metallic coatings since the early eighteenth century. Generally the
most economic method of applying metallic zinc coating is hot —dip galvanizing. Its process produces iron — zinc layers,
over coated with zinc; thus coating integral with steel. It is estimated that approximately 40% of the world production of
zinc is consumed in hot —dip galvanizing of iron and steel , and this adequately demonstrate the world — wide use of zinc as
a protective coating [2]. The thickness of the hot — dip galvanized coatings depends upon the nature of the steel and the
dipping conditions. It can be controlled to a certain extent in practice. The success of zinc coating can be largely attributed
to ease of application, low cost and high corrosion resistance. Hot — dip galvanized tanks, cisterns and pipes are very widely
used for storing and carrying domestic water supplies throughout the world. Researches continue to develop highly anti
corrosive sheets to ensure better hygienic use and longer service life. The annual conference 2013 of the American
Galvanizers Association (AGA) was held in Bonita springs, Florida, U.S.A. in Apr. 6-10. That Conference shed lights on
technical Support that can be provided on today's innovative applications and state of the art technological developments
in hot - dip galvanizing for corrosion control. Also, it involved an interest in service life, durability, and performance of hot
— dip galvanized Steel products [3]. The present work concerns with some developing considerations in Iragi standard for
domestic galvanized steel water tanks , via enriching specialized knowledge about galvanized mild steel sheets as
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manufacturing materials used for those tanks . And by pursuing of updated reliable international standards in that issue, it
attempts for convenient yielding of them with national requirements and environment.

Some Considerations for Domestic Water Tanks Manufactured from Hot-Dip Galvanized Steel Sheets:

Hot - Dip Galvanized Steel Sheets Hot — dip process is the application of a metallic coating on a steel sheet by immersion of
the sheet in a bath of the molten metal which forms the coating; the coating may be applied in a continuous process or a
bath process [4] .Hot dipping only works if the base metal forms an alloy with the coating metal [5] . Typical galvanized
coating consists of a progression of zinc — iron alloy layers bonded metallurgically to the base steel with the relatively pure
outer zinc layer (1). During the dipping process, the sheet steel surface meets the molten zinc , at a temperature in the range
(430 — 470) °C , alloying rapidly commences . Even when the total time of immersion in the zinc is only few seconds, an
appreciable thickness of the {(Fe Zn;3) phase (layer) which contains 6.25% Fe is formed (this phase hasa narrow range of
composition) . The actual thickness and nature of the alloy formed depends upon (a) time, (b) temperature, (c) the
composition of the steel base, (d) the composition of the bath, and (e) rate of withdrawal . With increasing time a second
alloy layer o (Fe Zn;), forms beneath the first, and later a third, y(Fe Zng) , layer is formed . Anincrease in temperature
lends to an increase in alloy formation [2]. The thickness is often governed by the period of immersion of the base metal in
the coating — metal bath.Excessive immersion periods cause brittle coatings. By adding comparatively small amounts (e.g.
+0.2%) of aluminum to the galvanizing bath, the normal alloying action can be almost completely prevented, provided that
neither the duration of immersion nor the temperature is excessive.For hot — dipped galvanized coatings, the molten bath is
typically at least 99% zinc; as applied to the steel, the coating typically contains inter metallic layers of zinc — iron alloys
adjacent to the steel surface [4]. Ductility is improved considerably by the restriction of immersion time and by the addition
of small amounts of aluminum to the galvanizing bath. These latter facts are utilized to major advantage in the continuous
line galvanizing of steel sheet. The addition of aluminum depresses the formation of alloys and produces lighter and more
ductile coatings , which are more suitable for galvanized sheet since they render it more amenable to bending .To control
alloy formation and promote adhesion of the zinc coating with the steel base metal , the molten coating metal composition
normally contains a percentage of aluminum [6, 7] usually in the range (0.05 - 0.25)% .This aluminum is purposely supplied
to the molten coating bath , either as a specified ingredient in the zinc spelter or by the addition of a master alloy containing
aluminum [6].

Corrosion Resistance of Hot - Dip Galvanized Steel Sheets:For many years the greatest use of zinc has been to protect steel
against atmospheric corrosion. It is remarkably resistant to atmospheric corrosion. Its use as a protective coating is still a
sound practical and economic proposition. Zinc is inherently an active metal, and anodic to steel. It is fairly corrosion —
resistant to air and water because it is covered quite rapidly with layers of protective compounds. These consist mainly of
zinc oxide which is rapidly changed to basic zinc carbonate in air or water [7]. Because of zinc's relatively high electro
potential it is anodic to steel. If zinc and steel are electrically connected and are jointly exposed in most corrosive media, the
steel will be protected while the zinc will be attacked preferentially and sacrificially. This , along with the fact that zinc
corrodes far less rapidly than iron in most environments , form the basis for one of zinc's important fields of use — in the
technique of galvanizing by hot dipping . Accordingly, there are two main reasons why zinc is chosen as a protective
coating for steel. The first is the natural resistance of zinc itself against corrosion in most atmospheric conditions. The
second is the fact that zinc is electronegative to steel and can protect it sacrificially [2]. Zinc is the most sacrificial (anodic)
coating used to protect the substrates to which it is attached. Because of its galvanic relationship to steel in most natural
environments it has long been the most common coating of that type. The protection conferred by zinc is a function of its
thickness. There is a region between the zinc outer layer and the steel base which is a zinc — iron alloy. This zone also is
protective [8]. Zinc coating is probably the most useful of all methods of protecting steel surfaces against corrosion, because
zinc itself is fairly immune to atmospheric attack due to strong polarization effects, while it always remains anodic to iron.
This means that zinc protects the underlying steel even if the zinc coating should be scratched or otherwise defective. Zinc
usefulness as a coating material comes from its dual ability to protect, first as a long lasting sheath, and then sacrificially
when the sheath finally is perforated. The most important property in relation to zinc coatings is the natural corrosion
resistance of zinc. The electrochemical property becomes important when the zinc coating is damaged in any way to expose
the steel, when sacrificial corrosion of the zinc occurs and the steel is thereby protected. Moreover the corrosion product of
the zinc normally fills the break in the coating and prevents or retards further corrosion of the exposed steel. Zinc is rather
protected against further attack by film of corrosion products. The corrosion product, rust, is porous, loose and flocculent
and adheres badly to the base metal. The time before first rusting of the steel base is proportional to the thickness of zinc
coat which in turn is subjected to control — depending on sheet as a product and processing. The life of a zinc coating is
directly related to the coating mass (weight) or thickness. Corrosion is most rapid when the water covers only part of the
tank where it is partly filled with water. Corrosion then takes place near the interface between water and air. The section
above the water line is readily exposed to oxygen and thus become the cathode; the degree of corrosion is at a maximum
just underneath the meniscus of the water and stretches downwards from it. Corrosion develops sometimes in a non uniform
manner due to inappropriate material selection or geometrical factors. Most frequent of this status is crevice attack , where
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corrosion becomes concentrated in holes and , indeed , wherever there is some kind of geometrical discontinuity which
affects the availability of corrodent ( e.g. breaks in surface coatings) [9].

2. EXPERIMENTAL

Implementing Present Work Approach: The research paper aims by what it comprises of applied points and through
implementing a developing approach to the utilizing of domestic hot — dip galvanized mild steel water tanks within the
qualitative requirements and usage conditions that have been designed accordingly. Mechanical design point of view should
be given proper considerations for manufacturing domestic hot — dip galvanized steel water tanks. A lot of designs are over
— constrained: they must simultaneously meet several competing, and often conflicting, requirements. A better selection is
still possible though that conflict. The choice of materials for most applications in domestic water supply is governed by
consideration of mechanical properties and resistance to corrosion. The cost, appearance and ease of installation should also
be considered when the final choice has to be made between otherwise equally suitable materials.Greater challenges arise
when the design must meet two or more conflicting objectives (such as minimizing mass , volume , cost , and environmental
impact [10] . Faulty geometrical design is a major factor in the corrosion of the tank manufacturing material. A design may
be sound from the structural and aesthetic points of view, but if it incorporates features that tend to promote corrosion, then
unnecessary maintenance costs will have to be met throughout the life of the tank, or early failure may occur. An active
pursuing of [SAQCEADS] (Site Applications of Quality Characteristics Evaluation and Design Standardization)
approach[11] had been performed in implementing the developing approach of the present work.Visual examinations of
four domestic galvanized steel water tanks of capacity (1000 Liters) that had been manufactured were undertaken during
the execution time of the present work and after installation of them. Close-up examinations were conducted. Coating
uniformity had been satisfied well in the examined sheets , and no discontinuity due to poor preparation of the sheet surface
were readily visible as " black spots " . Test method for coating mass (g/m?) determination for the single-spot and triple-spot
tests was performed as per ASTM standards [12,13]. The frequency of sampling shall be sufficient to adequately
characterize cut lengths (pieces ) of available commercial carbon steel hot — dip galvanized sheets being used and tested in
the present work ( (length 2400 , width 1200)mm , thickness : 18 — gauge ; 16 — gauge , thickness tolerance for specified
width for 25mm min. edge distance [13] : £0.05 , +0.08 respectively , coating designation: Z450 , Z350 ) so as to ensure
conformance with specification requirements. Figure 1 shows a flow chart for process of testing on specimens [14] .

Recaiving sample

in laboratory

Sample Holding
tull the time of test

Storage conditions do
not conform to

Storage conditions
conform to standards

Taking new
sample

Performing tests
on Specimens

Taking new
test specimens

Result
Refuze
Checking and
Reviewing

Test Result
Acceptance
Final test Report Issning
and Results Documentng

Figure (1): Flow chart for process of testing on specimens
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3. RESULTS & DISCUSSION
Available commercial hot — dip galvanized mild (low carbon) steel sheets had been used and tested in implementing the
present work approach. Table -1 shows tested sheet metal Gauges in approximate decimals of an inch and millimeter.

Table (1): Tested Sheet Metal Gauge

No. of sheet Birmingham Gauge B.G
metal gauge B.G for sheets (in.) (mm)
16 0.0625 1.588
18 0.0495 1.257

The considerable elements in the chemical composition (%) for the tested available commercial galvanized mild (low
carbon) steel is shown in Table-2 as follows:

Table (2) : Considerable Elements in the Chemical Composition (%) for the Tested Galvanized Steel
C Mn P S
0.12 0.5 0.03 0.03
Conducting verification tests by securing a representative sample piece approximately 300 mm in length by the associated
width and taking three test specimens from the sample , one from the mid — width position and one from each side (edge) .
The edge samples must not be taken closer than 50 mm from each edge. The minimum area of the test specimens shall be
3200 mm?[13] .The triple — spot test result shall be the average coating mass found on the three specimens taken according
to what previously mentioned. The single — spot test result shall be the average coating mass found on any one of the three
specimens used for the triple — spot test[12] . Zinc — coated steel sheet is produced to various coating designations. Except
for differentially coated sheet , the coating is always expressed as the total coating of both surfaces .zinc — coated steel sheet
is produced to thickness requirements expressed to [ 0.01 mm] for both coils and cut lengths . The thickness is the total of
the base steel and the coating [13] .The coating mass of equally coated sheet is the total amount on both sides of the sheet,
expressed in grams per square meter of sheet. The coating thickness may be estimated from the coating mass by using the

following relationship [15]:

100g/m? total both sides = 0.014 mm total both sides

or by [6] : 7.14 g/m? coating mass = 1 um coating thickness

The average coated — sheet thickness is calculated as the base-metal thickness + average thickness for each surface (see
Table -3) of the coating mass as indicated in Figure 2 . Thickness tolerance values from specified tables in the concerned
standards apply to the average coated-sheet thickness.

T - B
N —— - — —_—
WA/
— m
A IS II 1SS 1IN IS
o~ - e —T
Key
1. Average coated — sheet thickness
2. Average coating thickness
3. Base- metal thickness
4. Thickness tolerance

Figure 2 :Average coated — sheet thickness

Table -3 :Average Thickness for Coating Mass—Total of Both Sides

Coating Average coating
designation Thickness (mm)

Z 350 0.064

Z 450 0.080
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Table 3 shows average thickness for coating mass—total of both sides [15]. The proposed coating of zinc coated

(galvanized) sheets for those tanks is 450 g/m? as a minimum requirement (coating designation as Z 450[6] or Z

45[7]).Tests had showed that it fulfills the application requirements. This proposed coating thickness might replace the

magnitude of 381 gm/m? stated in the concerned Iragi standard. This is among the enriching, developing and improving
standardization considerations involved in the present work. The British standard specification BS 417 — part 2 [16] states
that the average coating thickness shall be not less than 330 g/m? where the thickness of a lid is less than 1.2mm. The tested
coating was found to be sufficiently adherent to withstand normal handling condition without peeling or flaking. The
present work emphasized some essential considerations and applied aspects encountered in standardization of the domestic
galvanized steel water tanks in the Iragi standard concerned with. The research paper significantly results in enhancing and
enriching standardization considerations in the concerned Iraqgi standard, and that represent sound practical and economic
propositions. Also, it intends to better galvanizing characteristics and improved anti corrosion behavior by performing
experimental observation and tests it encompasses.The protection conferred by zinc against the anticipated corrosive
conditions in tanks is a function of its thickness. The proposed coating thickness of zinc coated (galvanized) sheets for those
tanks yields satisfactory, reliable and promising results after testing and evaluation through the developing approach
adopted and conducted herein. The manufactured tanks avoid any deformation results from hydrostatic pressure. Other
elements that may not be readily acknowledged in the developing approach performed in the present work , yet are no less
important , are experimental observation and site applications , common sense , experience and specialized knowledge. The
research paper attains boosting tank performance by avoiding , as possible , defects which would adversely affect the

efficient functioning of those tanks , gaining longer service life and satisfying requirements such as strength , durability ,

stability and better quality assurance . The resulted improvement which had been accomplished in that context was by a

ratio of about 25%. The proper selection of coating mass to meet a user's needs for zinc — coated steel sheets requires some

knowledge about the relative corrosiveness of the environment in which those sheets will be used . The corrosion rate of the
zinc coating varies widely depending upon many factors of the environment. The presence of impurities such as chlorides,
nitrates, and sulfates can also dramatically affect the rate of corrosion. Other issues such as the presence or absence of
oxygen and the temperature of the environment are important determinants for predicting the "life of the tank”. The final
performance requirements can also impact the minimum coating mass needed for a given application .Although the

corrosion rate can vary considerably depending on the environmental factors , it is well known that , in most instances ,

the life of the zinc coating is a linear function of coating mass for any specific environment . Among the factors which

may cause embrittlement of galvanized steel are: (a) when the steel type is susceptible to strain — age hardening. (b) a severe

degree of cold working . (c) the galvanizing process .

4. CONCLUSIONS AND RECOMMENDATIONS:

1. Zinc coating failures can occur for several reasons, although they are typically a result of poor application, a defective
coating, or an inadequate specification.

2. Coating mass (weight) should be specified according to Ultimate end use and desired life.

3. Where galvanized sheets of tank is to be painted, they should be pretreated, as paint life is very short when applied to an
untreated Zinc surface. It is a distinct advantage to treat the galvanized surface with an acidulated chromate solution [2].
Passing through this chemical treatment confers resistance to humidity under those conditions which usually lead to the
unsightly and damaging white rust or wet storage stain. The protection is not permanent but it is sufficient for the period
of storage and transit.

4. Consideration should be given to the provision of drainage hole of sufficient diameter with suitable fittings for providing
complete drainage. Also, a venting hole with suitable fittings and pipe connection might be necessary.

5. Particular attention should be paid to domestic tank placing and installing. Water storage tanks should be suitably raised
from the ground and placed to allow air circulation and to provide access for maintenance.

6. Galvanized steel sheets carrying the statement "meets standard specification requirements " should also specify the
particular coating designation .

The present work hopes to make a valuable contribution to better dissemination of existing knowledge in the important field

dealt with. Some developing considerations for the implemented approach in the present work and suggestions for future

research directions and improvements in the followings appear to be worthy for future study concerning the scope of the
present work:

a. Improving other tank quality characteristics and enhancing tank performance so as to be particularly functional and to
gain, as possible, longer and trouble — free service life.

b. Attempting to approach advanced methodology to increase protection against corrosive action and exposure in jointing
and contact areas between parts and sides of the tank.

c. Improving adiabatic property of the tanks enables them for better insulation effect.

d. Increasing possibility of storing healthy, clean and scentless water, and avoiding, as possible, moss, fungus, bacterium
and rust to be hygienic and suitable for sanitary conditions .

e. Tank manufacturing might be executed by all welded or riveted parts, with 16 — gauge galvanized sheets for sides and
14 — gauge bottom.
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ABSTRACT

Complexes of Ni(ll), Cu(ll), Zn(1l), Cd(ll) and Sn(Il) with 2-(6- methoxynaphthalen-2-yl) propanoate were prepared and
evaluated as a photodegradation of rigid polyvinyl chloride (PVC). Polyvinyl chloride was dissolved with these
complexes in THF solvent to form PVC films of 5% (40 um) thickness which containing 0.5 % of complexes by weight.
These different films were produced by the casting method from THF solvent. The light of the wavelength 365 nm with
intensity (6.02*10° Ein Dm®S™) is used for irradiation of PVC films at room temperature. The photodegradation of films
was investigated using UV-Visible spectra. The photostabilization activity of these compounds was determined by
calculating the photodecomposition rate constant (Ky) for modified PVC films against a blank.
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1. INTRODUCTION
Poly(vinyl chloride), known as PVC, is a thermoplastic and the third largest production polymer in the world[1]. It has
been one of the most important technical polymers that have wide applicability[2,3]. The low cost and the good
performance of PVC products have increased the utilization of this polymer in building, mainly in exterior applications
such as window profiles and cladding structure[4]. The biggest user of PVC is the construction industry, which
commonly installs PVC pipes, electric cables and wire insulation, windows, flooring, wall coverings, and building
membranes. Other products include electronic appliances such as computers, car components, and medical products
like surgical gloves and blood bags, many consumer goods, for example toys, shower curtains, and much packaging
including drinks bottles and sandwich cartons[5]. A great disadvantage of PVC is its rather low thermal stability due to
the various defect sites in the polymer chain[6]. To ensure weatherability, PVC resin needs to be compounded and
processed properly using suitable additives, leading to a complex material that its behavior and properties are quite
different from the PVC resin by itself[5-6]. A wide variety of synthetic and naturally polymers absorb solar ultraviolet
radiation and undergo photolytic, photooxidative, and thermooxidative reactions that result in the degradation of the
material[7-8]. Photooxidation of organic materials is a major cause of irreversible deterioration for a large number of
substances. It is responsible for the loss of physical properties of plastics[9] yellowing, loss of gloss and mechanical
properties (cracking) of polymers, and other problems associated with UV light[10-12]. It is generally accepted that
carbonyl and polyene groups formed during UV irradiation of PVC, is most probable and are responsible for the
yellow coloration of the polymer.The degradation of polymers usually begins at the outer surface and penetrates
gradually into the bulk of the material[13]. In recent years, the use of polymeric materials has rapidly increased, but it
is well established that rapid photodegradation of these materials is probable when they are exposed to natural
weathering[15-17]. It is well known that all commonly used plastics degradate under the influence of sunlight. All
synthetic polymers require stabilization against the adverse effects; it became necessary to find ways to prevent, or to
reduce the damage caused by the environmental parameters such as light, air and heat. The photostabilization of
polymers involves the retardation or elimination of the photochemical process in polymers and plastics that occurs
during irradiation. The following stabilizing systems have been developed which depend on the action of stabilizer: (a)
light screeners, (b) UV absorbers, (c) excited state quenchers, (d) peroxide decomposers and (e) radical
scavengers[18-20]. Practice shows that when the polymer contains a photostabilizer, the oxidation rate is much
reduced. Stabilizers reduce but do not completely prevent oxidation[21]. As part of our program on photo stabilization
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of polyvinyl chloride, the photo stabilization of PVC was studied by using 2-(6- methoxynaphthalen-2-yl) propanoate
complexes and used the UV spectra for investigating the photodecomposition rate constant (K;) values for each film.

EXPERIMENTAL
Materials and Methods
All the reagents, starting materials as well as solvents were purchased commercially and used without any further
purification. The Infrared (FTIR) spectra were recorded by using FTIR.8300 Shimadzu spectrophotometer in the
frequency range of 4000-200 cm™. The ultraviolet-visible (UV-VIS) spectra were recorded by using Shimadzu
UV/VIS. 160 A-Ultra-violet spectrophotometer in the range of 200-1100 nm.
Synthesis of 2-(6- methoxynaphthalen-2-yl) propanoate complexes:
Complexes of Ni(ll), Cu(ll), Zn(ll), Cd(ll) and Sn(ll) metal ions with 2-(6- methoxynaphthalen-2-yl)
propanoatewereprepared by the method previously described by Yousif et. al. [22] as in Figure (1).

CH

3
oK
! + M+2
o EtOH
H30C A
CHs
0
\ COH.
O—> M=—g
H;0C \
[e)

Figure (1):Preparation of complexesscheme

Film preparation

PVC was dissolved with each complex in THF solvent to form PVC films with (0.5% by weight) concentration from
additive, in thickness (5% by weight). Their thickness was measured by a micrometer type 2610 A, Germany. The
films were prepared by evaporation technique at room temperature for 24 hours, to remove the possible residual
chloroform solvent [23].

Irradiation experiment

Accelerated testing technique

UV- Light was used for irradiation of PVC films, giving wavelength range between (250 to 380) nm and the maximum
wavelength light intensity is at6.02 X 10 Ein Dm® S™. The polymer film samples were fixed parallel to each other
and the lamp of the UV. incident radiation is vertically incident on the samples. The distance between the polymer
films and the source was (10 cm). The polymer film samples were vertically fixed parallel to the lamps to make sure
that UV. incident radiation is perpendicular to the samples. The irradiated samples were rotated from time to time to
ensure the intensity of light incident on all samples is the same[24, 25].

Photodegradation measuring methods

Measuring the Photodegradation Rate of Polymer Films Using Ultraviolet-Visible Spectrophotometer

The ultraviolet-visible spectrophotometer type Shimadzu UV-VIS. 160 was used to measure the changes in the
UV/Visible spectrum during irradiation time for each compound at maximum absorption band (An.x). The absorption
spectrum was measured in the range of (200-400)nm, and the (A4) at each absorption was also recorded for different
irradiation times. The infinite irradiation time was considered and the infinite absorption (A,,) was assumed to be after
the infinite irradiation time. To determine the photodegradation rate constant for photostabilizer (Kg), the first order
equation was used:

In@-x)=Iha-Kgt..............o. 1)

Where a, represent the stabilizer concentration before irradiation, x represents the change in stabilizer concentration
after irradiation time (t). If A, represents the absorption intensity of the polymer film containing stabilizer before
irradiation, A, represents the absorption intensity after t time of irradiation, then:

a=Ar- A,
X = A-A
a-X=Ag-AL-A+A=A-A, (2)

Substitution of a and (a - x) from equation (1) in (2) gives (3):
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In(A¢- A) =In(A, - AL) - Kgt oo, 3)
Thus a plot of In (A; - A,,) versus irradiation time (t) gives straight line with a slope equal (Ky) which indicates that
photodecomposition of the additives is first order[26-27].

RESULTS & DISCUSSION
Ultra-violet spectral studies of photodegradation rate of PVC films
Complexes of Ni(ll), Cu(ll), Zn(Ill), Cd(ll) and Sn (II) metals with 2-(6- methoxynaphthalen-2-yl)
propanoatewereused as additive for the photostabilization of PVC films in (5% by weight) thickness with (0.5% by
weight) concentration. The fact that free radicals are formed after irradiation at longer wavelengths (220-370) nm
indicates that some typesof chromophoric group must be present in a polymer[28]. The light and heat instability of
PVC is due to structural abnormalities that is present to varying extents in different types of commercially polymer
samples, such as unsaturated end groups and oxidized structures such as hydroperoxide groups and carbonyl groups.
The carbonyl groups generated during the photo-oxidation process of PVC, extend PVC film absorption to longer
wave lengths[29-30]. These groups absorb light when they irradiated with light of wavelength between (200-700) nm
and activated to the singlet and triplet excited states which enhances various successive photo-oxidation reactions[30].
Ultraviolet radiations are known to have deleterious effects on most industrial polymers inducing chemical
modification and scission of polymer chain, which lead to loss of the mechanical and surface properties of the
irradiated material. The change in ultraviolet-visible spectrum of PVC after irradiation indicates the formation of
hydroperoxide, carbonyl and polyene groups[31].The prepared complexes were used as photostabilizer for PVC films
comparing with PVC blank. The additives used in this study were chosen to be completely soluble in polymer solvent,
(THF). It has been noticed that the additives used in the present work are photodecomposed during the photolysis.
Thus the photo decomposition rate constant (Ky) was calculated. Figure (2) shows the change in UV spectra with
irradiation time for Cd(L), in PVC film at (A = 313 nm). We can indicate from this figure that during the aging
process, the concentration of the double bonds is increased correspondingly. The Kg values were computed using the
UV. spectra changes of PVC films thickness 40um containing 0.5% w/w from additives. The plot of irradiation time
versus In (A-A_ ), gives straight line which indicate primarily the first order reaction. The slope equal to the
decomposition rate constant Kg. Figure (3) shows the variation of In (A; - A_) with irradiation time for all additives in
PVC films at A=313nm. The values of the first order rate constant of all the modified polymers films (kq) calculated by
the same way and shown in Table (1). The photodegration always posses high Ky values, which means that these
modified polymers degradated towards UV light.
Table (1):Photodecomposition rate constant (Kg) of PVC films thickness (30um) containing 0.5% of additives

Polymers Kq.107° (ST
cd(L), 2,91
Zn(L), 3.49
sn(L), 6.73
Ni(L), 7.58
Cu(L), 9.11

PVC 11.05
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Figure (3):Variation of natural logarithm of In (A; — A.)) with irradiation time of additives in PVC film thickness

CONCLUSION

In this work, the photostabilization of polyvinyl chloride (PVC) filmswith 2-(6- methoxynaphthalen-2-yl) propanoate
complexes(0.5%wt) concentration fromcomplex have been studied. These additives behave successfully as stabilizer
against degration process for PVC films. The photostabilizers always possess low (kd) values, which means that these
modified polymers are stable towards UV light. One could notice that K4 values are sensitive to the type of additives in
PS films, which decrease in the following order below and this might point out to increase the photostability of these
additives in this term:PVC(blank) > PVC+Cu(L), > PVC+Ni(L),> PVC+Sn(L), > PVC+Zn(L),> PVC+Cd(L),
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ABSTRACT

Progress in developing high cooling power electronics needs a new criteria such as thermo-electric coolers (TECs) for
local cooling of high power components. Thermoelectric technology can be another direct way to suction the heat from
the high power system to cool it or convert this heat radiation into electricity, by using the Seebeck effect. The
thermoelectric contain figure of merit of a semiconductor p—n junction is calculated in terms of the diode theory having
the same junction and having thermal conductivity. The thermoelectric figure of merit of a Bi,Tez diode is estimated for
microstructure studies and modeling, there is another important factor as the ZT which to improve it with the result of low
thermal conductivity caused by the increased phonon scattering by grain boundaries. Post annealing for the Seebeck
coefficient and power factor which improve as a result rapid annealing treatment for both n and p-type for the Bi,Tes. The
utilization of thermoelectric technology to cool industrial enclosures which provide a number of significant advantages for
certain applications by using an electrical current passed through semiconductors whereof lead to temperature change
inside it. Then the thermoelectric coolers found to cool this electronics segment and to eliminate the moving parts and
vibration and its refrigerants which found in conventional cooling methods and below ambient temperatures conditions.
This paper discusses how to use thermoelectric coolers with its construction, work, efficiency, improvements and its
application that lead to improve its efficiency and improve its coolers for industrial equipment owner of high power.

KEYWORDS:|Thermoelctriccooler construction| TEC effect of p-n junction |Efficiency of TEC |TEC application|
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1. INTRODUCTION
With the rapid development of techniques to make excellent semiconductor materials in recent years.Another technological
trend, which is quickly developing nowadays is the use of standard tools of modern microelectronics for producing thin-film
(below 10 pm) and thick-film (up to 50 um) TE couples and modules[1, 2], this thermoelectric early attempts consist from
short-legged technology were made in sixties[3]. The problem of the minimal TE leg height corresponding to the maximum
cooling power density as well as some other extreme problems connected with non-zero contact resistance were formulated
and solved. A series of bulk thermocouples from hot pressed Bi2Te3-based alloys with TE leg height in the range (from
0.13 to 10) mm were fabricated and tested. It was found that for the modules with such short TE legs the thermal resistance
of alumina substrates is the dominating factor giving prevalent decrease to a TEC performance. This means that a
significant potential for farther improvement of micro TEC efficiency can be realized by reducing ceramic thickness and
using materials with greater thermal conductivity such as berilla, aluminium nitride or diamond. Experimental and detailed
theoretical analysis of the performance of miniature bulk coolers based on extruded TE materials and diamond substrates
with 120 TE legs 0.2 mm thick have been reported by Semenyuk[4]. Thermoelectric (Peltier effect) used in power
generation to generate a power as a generator by utilization of solar energy has become increasingly important as the
resource crisis becomes more serious. Generally, there are two ways of converting solar energy directly to electrical energy
through the use of energy materials: photovoltaic technology and thermoelectric technology. The former has been put into
use widely, but the latter is still a hot research subject for scientists. Thermoelectric generators can convert thermal energy
directly to electrical power via the Seebeck effect; that is, when a temperature difference is created across the thermoelectric
device and an external load is properly connected, a direct-current (DC) voltage develops in the thermoelectric elements and
an electrical current flows through the load. This has been of great interest in energy application in recent years because of
its well known advantages such as no moving parts, good stability, high reliability, environmental friendliness, and long
operation life. With the development of thermoelectric technology, ideas for solar thermoelectric generators[5-7] are a
popular but in efficient way to remove heat from high-power-dissipating electrical components. The requirements for heat
removal from critical electronic components are increasing rapidly as electronics become more capable and at the same time
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more compact. It is well known that, in order for a thermoelectric generator to achieve high efficiency, the figure of merit
(ZT) of the thermoelectric materials applied should be as high as possible and the temperature difference across the
thermoelectric device should also be very large. Over the past few years, considerable effort has been invested in improving
ZT values through the exploration of new classes of advanced bulk thermoelectric materials and nano-structured
thermoelectric materials [8,9] A high-performance low-cost bismuth antimony telluride (BiSbTe) bulk alloy with a peak ZT
of 1.4 at 100°C has been reported[10], which has dominated the high-efficiency low-temperature-range power generation,
and using in cooling Thermoelectric (Peltier effect) cooling is a popular but inefficient way to remove heat from high-
power-dissipating electrical components. The requirements for heat removal from critical electronic components are
increasing rapidly as electronics become more capable and at the same time more compact. Thermo-electric cooling in this
and other electronics cooling applications is often favoured over other means because thermoelectrics are silent, compact,
reliable and durable. In addition, the cooling power can be modulated to maintain a fixed temperature. Thermoelectric and
they have the potential to greatly increase power generating efficiency and cooler depend on COP coefficient.
Thermoelectric cooling, commonly referred to as cooling technology using thermoelectric coolers (TECs), has advantages
of high reliability, no mechanical moving parts, compact in size and light in weight, and no working fluid. In addition, it
possesses advantage that it can be powered by direct current (DC) electric sources, such as photovoltaic (PV) cells, fuel
cells and car DC electric sources. Although thermoelectric phenomena were discovered more than 150 years ago,
thermoelectric devices (TE coolers) have only been applied commercially during recent decades. For some time,
commercial TECs have been developing in parallel with two mainstream directions of technical progress — electronics and
photonics, particularly optoelectronics and laser techniques. Lately, a dramatic increase in the application of TE solutions in
optoelectronic devices has been observed, such as diode lasers, super luminescent diodes (SLD), various photo detectors,
diode pumped solid state lasers (DPSS), charge-coupled devices (CCDs), focal plane arrays (FPA) and others, The effect of
heating or cooling at the junctions of two different conductors exposed to the current was named in a honour of the French
watchmaker Jean Peltier (1785-1845) who discovered it in 1834. It was found that if a current passes through the contacts
of two dissimilar conductors in a circuit, a temperature differential appears between them. This briefly described
phenomenon is the basis of thermoelectricity and is applied actively in the so-called thermoelectric cooling modules this can
be shown in figure (1)[11].

Heatload 1, Temperature
Qo : :
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Cold Side _ / g
Ceramics g
«—Conductor e
E
Semiconductor £
elements =
[}
(pellets) __Conductor §
&
Hot Side 2
Ceramics / =
Q1
-
Radiator (Heatsink)

Figure (1): Simplified Scheme of TE Module and the Temperature Differential along it[11].

THERMOELECTRIC COOLER CONSTRUCTION: The module is a device composed of thermoelectric couples (N and
P-type semiconductor legs) that are connected electrically in series, in parallel thermally and fixed by soldering, sandwiched
between two ceramic plates. The latter form the hot and cold thermoelectric cooler (TEC) sides. The configuration of
thermoelectric coolers is shown in Figures (2) and (3)[11].

A single-stage module consists of one matrix of pellets and a pair of cold and warm sides (see Figure 2). A multi-stage
module can be viewed as two (see Figure 3) or more single stages stacked on top of each other. The construction of a multi-
stage module is usually of a pyramidal type each lower stage is bigger than the upper stage. Once the top stage is used for
cooling, the lower stage requires greater cooling capacity to pump heat that is dissipated from the upper stage.
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Figure (3): Two-stage Thermoelectric Cooler Construction

There are commonly, a TEC module consists of the following parts:

a.

Regular matrix of TE elements — Pellets: Usually, such semiconductors as bismuth telluride (BiTe), antimony
telluride or their solid solutions are used. The semiconductors are the best among the known materials due to a
complex optimal TE performance and technological properties. BiTe material is the most typical for TE cooler.
Ceramic plates: cold and warm (and intermediate for multi-stage coolers) ceramic layers of a module. The plates
provide mechanical integrity of a TE module. They must satisfy strict requirements of electrical insulation from an
object to be cooled and the heat sink. The plates must have good thermal conductance to provide heat transfer with
minimal resistance. The aluminium oxide (Al,O;) ceramics is used most widely due to the optimal
cost/performance ratio and developed processing technique. Other ceramics types, such as aluminium nitride (AIN)
and beryllium oxide (BeO), are also used. They have much better thermal conductance — five to seven times more
than Al,O3 — but both are more expensive. In addition, BeO technology is poisonous.

Electric conductors: provide serial electric contacting of pellets with each other and contacts to leading wires. For
most of the miniature TE coolers, the conductors are made as thin films (multilayer structure containing copper
(Cu) as a conductor) deposited onto ceramic plates. For large size, high power coolers, they are made from Cu tabs
to reduce the resistance.

Solders: provide assembling of the TE module. The most standard solders used include Lead-Tin (Pb-Sn),
Antimony-Tin (Sn-Sb) and Gold-Tin (Au-Sn) alloys. The solders must provide good assembling of the TE module.
The melting point of a solder is the one of limiting factors for TE Cooler reflow processes and operating
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temperature. Leading wires are connected to the ending conductors and deliver power from a direct current (DC)
electrical source [11].

THERMOELECTRIC EFFECT OF A p-n JUNCTION: Thermoelectric effects with non equilibrium carriers in the presence
of potential barriers were considered and described, the abnormal temperature dependence of the thermoelectric power at a
point contact of a semiconductor and a metal, imputed to the effect of the barrier thermoelectric power, exceeding that in the
bulk by several fold. Thermoelectric cooling in semiconductor diodes with narrow and wide p—n junctions has been regard
as, The thermoelectric power corresponding to the maximum temperature drop in heat transfer by non equilibrium carriers
appeared to be almost the same as that in the case of equilibrium carriers the thermoelectric power of a p—n junction. The
thermoelectric power of a set of in-series connected p—n and n—p junctions is the sum of the components, the clusters
constituting a 3D superlattice are p-type and n-type regions are formed in the links, then a p—n—p structure is formed in the
links. The summation of thermoelectric powers of a large number of in series connected junctions can account for the high
measured thermoelectric power. Assuming that the links have a lower carrier (electron) density than the clusters, we obtain
a positive sign of the thermoelectric power for all the p—n junctions [12].

THE EFFICIENCY OF THERMOELECTRIC: The efficiency of thermoelectric devices is determined by the materials’
dimensionless figure-of-merit (ZT), defined as: ZT= (S°o/k) T @

Where S, o, k, and T are the Seebeck coefficient, electrical conductivity, thermal conductivity, and absolute temperature,
respectively. To make a thermoelectric device competitive, an average ZT in the application temperature range higher than
1 is required [13-15]. The ZT value of a thermoelectric material can be improved by increasing the Seebeck coefficient and
the electrical conductivity while decreasing the thermal conductivity. However, it is difficult to measure the thermal
conductivity of thin films, so researchers have mainly focused on the power factor (S%) for thermoelectric characterization,
there have been always efforts to improve ZT since the 1950’s, but the peak ZT of dominant commercial materials based on
Bi2Tes and its alloys, such as BixShz-xTes (p-type), has remained at all last years, therefore during the last decade, several
groups have reported enhanced ZT in superlattices such as Bi2Tes/Sh2Tes [16] and PbSeo.ssTeo02/PbTe [17] because of
reductions in the lattice thermal conductivity, and in new bulk materials, such as silver antimony lead telluride and its alloys
[18], including skutterudites [19]. Although high ZT values were reported in superlattice structures, it has proven difficult to
use them in large-scale energy-conversion applications because of limitations in both heat transfer and cost. Bulk materials
with improved ZT, such as LAST and skutterudites, are ideal for high temperature operations, however, near room
temperature (0° to 250°C), Bi2Tes-based materials still dominate. The high ZT in the temperature ranges of 25° to 250°C
makes the NC (Nano-Crystalline) bulk materials attractive for cooling and low-grade waste-heat recovery applications. The
materials can also be integrated into segmented thermoelectric devices for thermoelectric power generation that operate at
high temperatures. In addition to the high ZT values, the NC bulk materials are also isotropic. They do not suffer from the
cleavage problem that is common in traditional zone-melting-made ingots, which leads to easier device fabrication and
system integration, and a potentially longer device lifetime. Bismuth telluride (Bi2Te3) and its derivative compounds are
some of the most interesting materials in the thermoelectric research field due to their superior ZT values near room
temperature. Different methods for Bi2Te3 deposition have been tested; including co-sputtering [20], co-evaporation [21],
metal organic chemical vapour deposition (MOCVD) [22], pulsed laser deposition (PLD) [23], the post-annealing process
critically impacts semiconductor material and can alter its electrical transport characteristics. The thermoelectric properties
of Bi2Te3-based materials are made better by the post-annealing process by means of altering their surface defects, grain
size and carrier concentration [24]. The continued interest in the existing and potential advantages of thermoelectric cooling
has offspring technological advances in the latest generation of thermoelectric coolers that extremely improve both
effectiveness and efficiency. When we speak about efficiency, we typically refer to the amount of “work” produced by a
machine in relation to the amount of power that is put into it. Efficiency in cooling is described using the term “coefficient
of performance.” The Coefficient of Performance (COP) is the ratio of heat energy that is removed to the amount of
electrical power supplied. For the past several years, most of the thermoelectric coolers available on the market operated
with a COP as low as 0.3. This means that for every 1 Watt of electrical energy invested, only 0.3 Watts of heat energy were
removed, which is not very efficient at all. The design improvements of the COP today’s of thermoelectric coolers can be as
high as figures land 2. A key design improvement that has helped to increase the efficiency of thermoelectric coolers is
active control, and one of the best control methodologies for efficient energy usage (and improved lifespan) is Pulse Width
Modulation (PWM). With PWM, power to the thermoelectric cooler is quickly switched on and off at a constant frequency.
This creates a square wave pulse of power over a constant time period with a width that can be varied to create an average
voltage. Since this occurs very rapidly, the thermoelectric elements do not have enough time to change temperature in
response to the changing pulse. As a result, the elements will take on the cooling capacity of the V average, as in figure (4).
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Figure (4): Hlustration of Pulse Width Modulation (PWM) [25].

Switching the voltage on and off in this manner will allow the thermoelectric cooler to deliver greater cooling capacity and
efficiency doing more work while consuming less power. Another benefit of this design enhancement is that since the
thermoelectric element inside the thermoelectric cooler sees a constant V average, it doesn’t repeatedly stop and start
leading to longer life and durability. Additionally, a 60% increase in energy efficiency can be realized by using, variable
speed, and “soft-starting” fans [25].
TEC APPLICATIONS: TEC can be used in different application where cooling or temperature control of a target is
required. In general, TEC is most often used when an object:

o Needs to be cooled below the ambient temperature.

e Requires to be maintained at a consist temperature under a fluctuating ambient temperature.
TEC is perfect for cooling a small, low heat load target. Due to the low COP (Coefficient of Performance) compared with
compressor cooling, TEC looses its advantage if the cooling load is higher than 200 watts. But, because TECs have no
moving parts, they are lightweight and reliable, they create no electrical noise, and can be operated at any orientation or
environment, in some instances, and TECs are used to cool kilowatts of heat. TEC is exceptionally suitable for a precision
temperature control of an object such as a laser diode and other small things, paired with a DC power supply and an
electronics proportional/integral (PI) controller packaged in a single chip device, TEC is able to control an object to +/- 0.1
°C accuracy. Today, no other cooling method yet can provide such precise, simple and convenient temperature control.
Thermoelectronic devices are used in a variety of applications: They are used by the military for night vision equipment,
electronic equipment cooling, portable refrigerators, and inertial guidance systems, Military quality night vision binoculars
[26]. These products are useful to the military during war and training because they are reliable, small, and quiet. Another
advantage to these thermoelectric products is that they can be run on batteries or out of a car lighter. The medical
community uses thermoelectric applications for hypothermia blankets, blood analyzers, and tissue preparation and storage.
The main advantage of thermoelectric devices to the medical community is that the devices allow doctors precise
temperature control, which is useful in handling tissue samples. Many people have thermoelectric products in their homes
such as beer keg coolers, wine cellar chillers, water coolers, and picnic basket coolers, Water Coolers like Advanced
Thermoelectric Product as M-5[27] see figure.5.

1

. ..

Figure (5): M-5 Water cooler
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2. CONCLUSIONS

This paper take considerable progress under watch in developing high cooling power, small micro TECs destined for
cooling powerful optoelectronics, both films type technique and bulk technology are involved into this process, The main
advantage of thin technique to employ highly efficient standard micro machining processes with good prospects for mass
production of cheap multi element high power density micro-coolers. Another advantage is an ability to incorporate low-
dimensional thermoelectric structures with increased figure of merit, this structure with a p-n junction may be about the
same as that in the best modern thermoelectric materials to achieve high thermoelectric figures of merit, the junction should
be essentially asymmetric and be fabricated in such a way that the main temperature drop takes place in the region of size
approximately equal to the minority carrier diffusion length near the interface in the more weakly doped region. We have
developed a nano-structuring approach and we have demonstrated significant improvement in ZT, The value of ZT starts at
1.2 at room temperature, peaks to 1.4 at 100°C, and decreases to 0.8 at 250°C. Such ZT characteristics are attractive for
both cooling and low temperature waste heat recovery applications. The ZT enhancement comes mainly from a large
reduction in the phonon thermal conductivity, but also benefits from a reduction of bi-polar contributions to the electronic
thermal conduction at high temperatures. In the past, ZT enhancements have been reported in superlattice structures
because of phonon thermal conductivity reduction. There are several different types of cooling devices available to remove
the heat from industrial enclosures, but as the technology advances, thermoelectric cooling is emerging as a truly viable
method that can be advantageous in the handling of certain small-to-medium enclosure applications. As the efficiency and
effectiveness of thermoelectric cooling steadily increases, the benefits that it provides including self-contained, solid-state
construction that eliminates the need for refrigerants or connections to chilled water supplies, superior flexibility and
reduced maintenance costs through higher reliability will increase the manufacture from this technology in recent years.
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