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Abstract:

The purpose of this study is to identify the most important modern
techniques used in the educational process which have a great
impact on the development of the educational process and the extent
of its use, and to learn about the most important elements and
motives that support the idea of employing information technology
in education and e-learning and also identify the biggest challenges
that hamper the optimal employment of information technology,
Find out the reasons behind it and look for solutions. Learning
management systems such as the BlackBoard system, for example,
will solve most of the University's administrative, educational and
scientific problems, especially with the significant increase in the
number of students wishing to enroll in university education. (60)
Paragraphs, which were applied to (70) faculty members and
students of the faculties of education Qasr Ben Ghashir and the
Information Technology University of Tripoli Libya, as a sample of
the study, which Randomly selected. The results of the study
showed that the employment of information technology for the
purposes of teaching in higher education in Libya is still in its early
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stages, and still faces a number of challenges such as weak
infrastructure and the resulting weakness of university services and
Internet services. The lack of computer labs in some colleges, in
addition to the lack of expertise and qualified technical staff, the
absence of the role of technical support centers, in addition to the
lack of culture and lack of familiarity with modern education
management systems such as Blackboard system, The process of
optimal employment of information technology in the educational
process in universities must be preceded by serious steps of faculty
members and executive system of universities, to take decisions that
support this employment in a modern way to meet the requirements
of the times.
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Abstract

The study aims to identify some chemical components of green
cabbage and violet in water and alcohol extracts. Cabbage is a leafy
vegetable from the Brassicaceae family and is a good source of
many potential chemicals. This study proved that the extracts
contained many phytochemicals such as tannins, Flutonin,
terpenoids, flavonoids, glycosides and steroids that are effective
against many diseases, especially cancer. These compounds are
naturally present in vegetables and have medicinal properties.

Plant extracts are methods that have been used since ancient times
in alternative medicine and continue until recently to develop with
the advancement of modern science and technology. It has been
found that some plant extracts are effective because they contain
volatile and aromatic oils, alkaloids, flavonoids, turbines and
organic acids. The materials are used in the synthesis of many
pharmaceutical and therapeutic drugs so the organic detection of
these compounds has been found in green cabbage and violet.
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G AT g allad) b Eaal) Gl Jaadl e ool GG ASL) e
Giys @hilhlly chludl jle alad delia jiaiy cleliall @lis€e (o IS
WSpae Ay o 5K 5 Gl 13 6 LAREN) cileliall aal e i gl
Ugdll dpals ) ALYL sas A0S0 palsdn 5ot ) (A356) asaiasly)
il P ey ccuall dlee ol QI ehal s e Sle els A
Whall dalled) Gllee o (8 Sl 238 o W) & Al chlaaYly
Gyl Cus 30l dualdg 2dll drals Lagead s LSSl Galsaldl (o (s
Ao b Lsale s (o Giang ol e Cavall s I s5lally i) daglae

AUy
assiesl) A edyhpall Aadlaall ¢ oalad) GO ASLd) ¢ Al clalt)
(A356)
Abstract
Investment casting is one of the best modern technology in the
world, it is involved in many components of industries, the
manufacturing of spare parts of cars, aircraft and turbine blades are

the most important industries which using investment casting for
production. This study focused on the aluminum alloy (356A) which
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has good mechanical properties in addition to the liquidity
characteristic that helps fill all parts of the mold during the casting
process. The experiments and tests conducted on these castings
show that heat treatment processes improve the mechanical
properties, especially tensile tests and hardness, where tensile
strength and hardness have doubled, while as there is no obvious
change in elongation.

Lakd) 1

Dl J8 2w 4000 a2 Glas¥) lganyle S Capall w281 (ge ASLdl yias
il ZUY) cllee 8 Lt b <85 el dpad) ok pe skl
o L_,,_ﬁ:a_, allall (8 Locliall Galeall ("J S0 58 asiag) o) aglaall (g Liddle
LY PRVEN (U PN Sl Sl

am Galsig e e ey W losad Apotigh sl ) (e pssiag] iy
sl Ad3 assia g1 Clisan bl (e cslpelly Bhall saal) ddeasall dalsa (o
L daglia ) zlias S el g il deliva 6 4eladin) el lae
a3 S (AT (alaa ) Gl s ) djgem b paiin Y ppries) Llle
ria oy bl LS5 4 alidsy 85 aShue a0 13gly 4alsd (s
..... (G (Al (530s) Lacall, A il dligh cduslhaall Galsdll s
Jie e gt Z 1 3yl ST ag daiaal) AShaud) (8l ity ) lilad] @lliag (&
(Permanent Mold  dailall (llgalls 4Ll ((Sand Casting) 4uda )l ASbud)
5paY) Hoed Cua «(Investment Casting) ) lall Bl 4Ll (Casting)
Omealy Wyha Lgiatlas (S Sl (s @llia . Aeddieal) ASLad) 3yl Gaaal he
vanlly GAY) Galdll (e Lyt 2dll dagliey ABlally 53lall Jie lgalsa
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Gb die (A356) asiiash) (e ASsunal LK) algdl) Cpeeat AalSa] lial
s dallee e (AT Sl Lgiliey Climll (e Lha dallas shal

Al A 2
o3y -asiasl¥) il Jundl (g lebant fan Al i ASgauall 038 aas
O OsSdl aie e WS L dadill Gk e dead o baclad (alsall
ey yaiall 138 (e %7 Aot o (geind Cus ASpunall 8 daad)l) yualial
Bas diliage ASgunall daasg JSH facall daslie (e 3s ) daslia 3l o
Jelasdl it L 2uSB daglae o uhg Adle 5D La L ALYl clyeSlly 5l
(3) Jall sy LS Fasunndll KAl aldlly Shasll S5l (2) 5 (1)

Tl g s S pasal a3 gaill A al) dalladl) cililee

Aganall bl uCal 11 Jgaad)
Element | Cu | Si Mg | Ti | Fe | Mn | Zn Ph Sn Ni

Content | 0.2 | 65- | 0.2- (02| 02 | 01 | 0.1 | 0.1 |0.05| 0.1
(%) 75 | 04

Aganall LKAl algdl) 12 Jgaal)

Tensile Strength (MPa) 262-331
Yield Strength (MPa) 193-331
Elongation Range (%) 3-10
Castability Rating 100
Hardness Range (HB) 90
Fluidity 1
Shrinkage 1
Electricalconductivity20°C (%1ACSA) 39
Thermal conductivity coefficient25°C(w/m.k) (K) 151
Density (g/cm3) 2.68
asaiagly) CilSsual duadgail) Aj)ad datleal) cilbiles 13 Jgaad)
}__ > b © o ‘1—, < — ‘ Solution Heat Treatment ‘ Aging Heat Treatment
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X

Temperature

Time

Temperature

b 3 -
C F C F -
328 T6 S 515 960 12 155 | 310 | 25
332 T5 P 205 | 400 | 79
333 T5 P 205 | 400 | 79
T6 P 505 940 6-12 155 | 310 | 25
T7 P 505 940 6-12 260 | 500 | 4-6
336 | T551 P 205 | 400 | 79
T65 P 515 960 8 205 | 400 | 79
354 e (K) 525-535 980-995 | 10-12 (h) (h) (1)
355 T51 SorP 225 | 440 | 79
T6 S 525 980 12 155 | 310 | 3-5
P 525 980 4-12 155 | 310 | 2-5
T62 P 525 980 4-12 170 | 340 | 1-18
T7 S 525 980 12 225 | 440 | 3-5
P 525 980 4-12 225 | 440 | 39
T71 S 525 980 12 245 | 475 | 4-6
P 525 980 4-12 245 | 475 | 3-6
C355 T6 S 525 980 12 155 | 310 | 3-5
T61 P 525 980 6-12 Room 8
temperature | (mini
mum)
155 | 310 | 10-12
356 T51 SorP | ... 225 | 440 | 79
T6 S 540 1000 12 155 | 310 | 3-5
P 540 1000 4-12 155 | 310 | 25
T71 S 540 1000 12 205 | 400 | 35
P 540 1000 4-12 225 | 440 | 2-9
T7 S 540 1000 10-12 245 | 475 3
P 540 1000 4-12 245 | 475 | 3-6
A356 T6 S 540 1000 12 155 | 310
T61 P 540 1000 6-12 Room Temp | 8 (min)
357 T6 P 540 1000 8 175 | 350 6
T61 S 540 1000 10-12 155 | 310 | 10-12
A357 | ...... (K) 540 1000 8-12 (h) (h) (h)
359 (K) 540 1000 10-14 (h) (h) (h)

P= Permanent casti

ng, S= Sand casting, T= Type of heat treatment

Llaadl latl) .3
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Asall 285001 Lmeall Ll Clbalsall s 23 e Go Hle gl
(1) JSal nse LS TYASTM)

F=20rmm 50mim
/7 12.8mm |*—'
5l '
20mim
_L 3
76.68mm
’ . [«
Brrirm
200mm

28l due aladd 1 <D

Apunal) ) ¢ Yl

A Jaballs (A356 ) pssios! iS5 ) ddee

Production of Wax Pattern _aeill z3geill = l-

O Cans casaia gl aadll (e ML LY ilinlaws Blelye po B 3 ey
9 (2) JSEIL WS Lgie 4350 (59-57) s)ha dayn die Ldaal) da3 e aedl)
G Y s Alias Q) (e Al 2)A) g eyl el Gasa b Al wungy o8
il alad) (8 035 ) 0gds
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Sample Before H.T. After H.T.
Fmax (KN) 9.85 19.61
Gurs (MPa) 130.47 261.4
L1 62 62
E (%) 3.33% 3.33%

J3 (130.47 MPa) ¢ (spemil) 21 daglin g lis)l oSl il o4 (e

b (el (538 sy 138 cAallaall 2xy (261.4 MPa) ) )5l dallaall
53 23085 o) ALY L ol Al Aalladl sl A spaill 250 Aaglaa
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Bl jlodl i (5) Jgaadl cpaug

Bkl L @il 15 Jgan
Sample Before H. T. After H. T.
Hardness (HB) 60 110
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alalingy) .5
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ABSTRACT

Citric acid is very important in our lives. It is added to food as a type
of preservative

to prevent odors and contamination of fruits, so it is used in
laboratories as anti- oxidation.

Due to this importance and the increasing use of the growing
population, the matter needed to think about the production of this
acid industrially and required studies and researches to achieve the
optimal method of economic, composition and quality as well as the
quantity produced from this acid, all these are linked with the factor
of time.

In this research, this industry was studied in a type of (Stirred Tank
Reactor), in addition to the study of the materials used, their ratios
and the time taken to produce the highest value of citric acid and at
constant temperature.

LAl
Msall e g€ 2B il g - Lishia 6 Tas 80€ Daaal Glifiall aeal )
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Abstract

Some institutions in the Libya government has waken for
follow development epoch by benefiting from skills of university
students only, with marginalization of higher technical institutes
students because the negative view for technical education that was
caused by numbers of happened which will explain in this paper .

Since 22 years ago despite spread of higher institutes and
technical colleges of technical education but superiority still of
academic students universities and care them establishment their
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competitions send them study to other countries was the reason for
their advancement on students of higher technical institutes. That
led refusal parents register their sons study at these institutes. That
affected negatively on these institutes and reflected positively on
progress students in academic universities. So | will explain in the
paper reasons made students in the academic universities better than
from students in the higher technical institutes. and reasons that led
institutes impairment in Libya government and the most important
struggle that has been happening in institutes management and what
procedures should take and represent as recommendations to try
save these institutes from drop down or collapse ? If still, remain on
what they are.
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Abstract

EHEF is an effective heat of formation model. This model can predict
the formation of the phases of the compounds. The EHF model
determines the effective heat of AH, formation, which depends on
the method of selecting the effective concentration of the reacting
species in the growth front to be the minimum liquid. The model
correctly predicts the first phase during the formation of silicides
metal and other binary metal systems. The ability to predict phase
sequence formation is clearly demonstrated in silicides systems. The
EHF model is also used to explain the effects of impurities and
barriers on phase formation. It also shows how the EHF model can
be applied to the laser and the induced ionic beam. The EHF model's
advantages are to select the minimum liquid composition as a
measure of atomic mixing at the interface. It reveals an accurate
analysis and comparison of the fundamental differences between
them mainly due to the fact that the EHF model benefits from higher
temperatures. Then, the effective heat of formation (EHF) model
was used successfully for predicting the first phase formation in
binary systems
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Ambient Si-Type Temperature
m e Formation
CosSi 350 °C
Si/Co | vacuum 100 11,10 CosSi 375°C
Cosi, 550 °C
CosSi 350°C
Si/Co vacuum 111,100 12 Co,Si 425 °C
CosSi, 550 °C
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CoSi 420 °C
Si/Co | vacuum 100 13 Co,Si 500 °C

CoSi, 700 °C
Si/Co | vacuum | 111,100 14 CosSi, 400-650 °C
Si/Co | vacuum 100 15 CosSi, 800 °C
Si/Co N, 111 16 CoSi, 450 °C
Si/Co | vacuum 001 17 CosSi, 500 °C
Si/Co | vacuum 100 18 CoSi, 430 °C
Si/Co | vacuum 111 19 CosSi, 400 °C
Si/Co N, 001 20 CoSi, 600 °C

CoSi,
Si/Co | vacuum 100 21 450 °C

CosSi,

CoSi 450 °C
Si/Co | vacuum 111 22

CoSi, 600 °C

CoSi 450 °C
Si/Co | vacuum 100 23

CoSi, 600 °C
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Cladding Low Carbon Steel by E309L Using Shielded Arc
Welding Technic (SMAW)
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Abstract

This study has been done on one of the most important types of
industrial metals, which is plain-carbon steel (low carbon steel).
This type of steel with his family characterized by very using wide
range industry, because of its good technical properties and it’s
relatively low cost.

One of disadvantages for this type of steel it’s relatively low
hardness, which does not respond to the heat treatment by hardening
process. Hence, we adopt cladding process by using high alloy
stainless steel electrode E309L. Four symmetrical samples in shape
have been worked with changing some control factors and welding
parameters, we obtained very high hardness for four samples in
study case. We can say with no hesitation that, cladding process in
all samples gained a complete successful with excellent surface

hardness and stainless steel properties.

Abstract jailall
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Abstract

The Italian architecture that is full of political symbolic
significance did not disappear suddenly after the end of the
colonialism right after WWII, it may of gradually faded but
architectural and the planning effects continued within the colonial
lifestyle. Within modern symbols connected with the ruins of the
artifacts that is teeming in the Libyan territories. The Italian
colonials dealt in that era with the remaining artifact findings as
historic symbols. It's characterized with the importance that is
reflected with pride and authenticity it's privilege that is based on
the Italian symbolic direction that is largely noticed, It's a privilege
that rests in towards the symbolic Italians that is touched in a huge
way in the colonization operation as a studied and planned historic
right to signify a thought that believes in the necessity on the
confirmation of the classical meaning through the continuation in
using and adopting it as a source for architectural vocabulary that fit
together in new ways to reach shapes that are symmetrical and easy
to look at.

The research aims to study the evolution of the significance
symbolic, and its manifestations on the ground in the Architectural
designs ,and to achieve this goal among others, the researcher
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followed the descriptive and analytical approach which adopted by
many sources, References, maps and photos.

The study reached some conclusions and recommendations that
would improve the philosophy behind the design of architectural
elements in the architectural structure, which is linked to a symbolic
network of connections that forms a link between the designer and
the receiver. The researcher has included many illustrations that
contribute to clarifying their content and achieving their.
Keywords: Symbol, Significance, Architectural elements,

Architectural Formation.
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Abstract

Used plastics have been recycled in recent years with polyvinyl
chloride (PVC) plastic granules to reduce the cost of producing
plastic products as well as to reduce the damage caused by pollution
caused by the remnants of plastics in nature. This is accompanied
by the provision of different jobs for many unemployed The plastic
is mixed with raw plastic granules (PVC) in certain proportions and
mechanical tests are carried out to obtain the best mixing ratio
through which the safe use of plastic products
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Image Processing Using Threshold Methods
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ABSTRACT

Big factories of one million products or more a day have determined
standards and measurements apply to every product. That is on basis
of one original piece identical to it. Thus, the threshold was chosen
to clarify the uniformity and the shape of the images throughout the
contour to be raw format for the last produced image. The
probability of that if the image has been through compression, which
are zonal and amplitude compression, should be considered by
taking the MSE according to the compression percentage. The
results of the assumption would be clear in the image due to the
threshold applied. Every time the value of shape and the uniformity
closed to one, the image can be considered as standard. The standard
are taken by considering the contour of every image if the pixels of
the frame of the produced image close to the frame of the original
image, which makes it possible to be taken as standard for the other
images. This can be done through the MATLAB. We have used
five images of similar type “Bmp” and obtained the threshold of
every image and their contour. In addition, we have applied different
types of transform, approximately five of them, and they are Dct2,
Fft2, Random, and Fanbeam. We also have two types of
compression, namely, zonal and amplitude, in addition to taking
MES then we have put the obtained values in tables and also
representing the values in graphs with the compression ratio of
about 10%-50%.

INTRODUCTION
During the last two decades, there has been a growing
research activities related to the techniques for image binarization
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and contour analysis and recognition. Image binarization
(thresholding) plays an important role in many applications of
image processing. The application of thresholding as a tool in image
segmentation has been extensively studied and a variety of
techniques have been proposed for automatic threshold selection
[3,4,9,16,17,18,19,20] . Most of the proposed thresholding methods
select thresholds which depend solely on the one-dimensional gray
level histogram of the image. Thresholding can be regarded as pixel
classification based on a single feature value, namely the pixel gray
level [1,2,8].

The use of threshold operation on image data is the most widely
used preprocessing method. A large number of industrial
applications have used this method to segment objects from
background. The resulting binary image can then be processed
further to determine object boundary shapes, area and other feature
of interest. Thresholding can sometimes be used to extract the edges
of objects rather than objects themselves. Simple gray level
thresholding is effective in extracting objects when the objects have
a characteristic range or set gray levels. More generally thresholding
techniques can be used to extract objects which have characteristic
patterns of gray levels or characteristic textures.

The wide variety of binarization methods presented so far indicates
that many different approaches to threshold selection are possible
[5]. Some work has been done on the problem of evaluating the
presented methods of binarization.

Contours and line drawings have been an important area in image
data processing. In many applications, e.g., weather maps and
geometric shapes, it is necessary to store and transmit large amounts
of contours and line drawings and process the information by digital
computers.
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The general contour extraction problem from two-dimensional
images may be accomplished in two operations: Edge detection and
contour tracing. The aim of edge detection is to identify and enhance
edges (pixels) belonging to boundaries of object of interest in the
original image. The contour tracing algorithm traces the contour and
extracts the contour information which is passed to subsequent
processing.

Contour description and compression are some of the processing
operations performed on contours and has been considered by
several authors e.g. Dziech and Pardyka [11], Dunkam and Cheng-
Cang[12], and others.

Survey of Image Binarization Methods

Recently, the application of image binarization methods to digital
signal processing has received an increasing attention of many
researches. This is due to the rapid advances in digital device
technology. Fast algorithms based on matrix factoring, matrix
partitioning and other techniques have resulted in a reduced
computational and memory requirements and further widened the
applicability of the image binarization methods.

As far as the contour compression problem is concerned, there has
been less attention to the application of transform methods for the
recognition of image contours.

Digital implementation of the image contours became feasible with
the development by many researches. Contour descriptors have
been found useful in the recognition of industrial parts and character
recognition. A few workers have been interested in the direct
analysis of the binarization of the image. For example some
researches, detected the presence of roughly parallel straight lines
by finding prominent peaks in the magnitude of the transform.

In this paper a techniques for image binarization will be introduced.
Besides having efficient fast algorithms, A comparison of different
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binarization methods has been introduced using uniformity and
shape measure by equation [1,2,3,4,5].

The uniformity measure u(t) used in the evaluation for a given
threshold t is given by[5] :

u(t)zl_M (1)

Where : of= S[fxy)-u [ (2)
(x,y)eRi
Ri — segmented region i.

f(x,y) — the gray level of the pixel (x,y)

> f(xy)

u, = (><,>')ER:Ai (3)

Ai— number of pixels in R, i=1,2
c- a normalization factor.

The shape measure S, used for the measurement of the shape of
the object in the test images is calculated by the following
formula[5] :

35001 (%, ) = Ty (K Y)SONL T (X, y) — 1]

S — (xy) 4
. @

Where :
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f - the average gray value in the neighborhood N(x,y).

N(x.y)
t — the threshold value of the image.

c- a normalization factor.

The generalized gradient value of the pixel (x,y),and given by :-
A(X,Y)

1

A(X’ Y) = |:ZA: Dk2 + \/EDZL(DS + D4) N \/EDz(Ds - [)4)}2 (5)

Where :

Di= f(x+1,y+1) — f(x-1,y) D2 = f(x,y-1) — f(x,y+1)

D3 = f(x+1,y+1) — f(x-1,y-1) D4 = f(x+1,y-1) — f(x-,y+1)

Objectives

The primary objectives of this the paper are the image
binarization and contour extraction , analysis and compression using
existing and modified thresholding methods . In addition , the
purpose of this work is to develop different transform methods for
the compression of image contours .

To fulfil these objectives the following main tasks are considered:

1- Evaluation of different thresholding selection techniques
using shape and uniformity measures .
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2- Application of different transform methods for contour
compression performed on contours extracted from their
original images have been applied to determine their data
compression capabilities.

3- Two methods of contour compression have been proposed ,
the evaluation of these methods has been given using Mean-
Square Error between original and reconstruction contour.

Applications

1- Image Compression

Is the application of data compression on digital images, In
effect, the objective is to reduce redundancy of the image data in
order to be able to store or transmit data in an efficient form.
Image compression can be lossy or lossless. Lossless compression
IS sometimes preferred for artificial images such as technical
drawings, icons or comics. This is because lossy compression
methods, especially when used at low bit rates, introduce
compression artifacts. Lossless compression methods may also be
preferred for high value content, such as medical imagery or image
scans made for archival purposes. Lossy methods are especially
suitable for natural images such as photos in applications where
minor (sometimes imperceptible) loss of fidelity is acceptable to
achieve a substantial reduction in bit rate. The lossy compression
that produces imperceptible differences can be called visually
lossless.

Methods for lossy compression:
In this the paper , we used two types from compression amplitude
compression and zonal compression , where was compression
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between spectrum contour image and spectrum transform image ,
and rate compression from 10% to 50% .

Amplitude compression : This way based on taking the pixles that
have less value in pixels original image and equal zero according
to compression proportion and according to the following formula:

Compn = (compression rate*(m*n)) /100. (6)
N=1,2,3,4,5.
m*n = size image.

Zonal compression :This way based on read matrix image from
end ,or rather ,according compression rate we taking another pixles
in matrix and equal zero.

2- Mean Square Error (MSE)

The MSE is the cumulative squared error between the compressed
and the original image[21].

1 M N
MSE = W;XZ[I(X' Y) - I'(X,Y)]? -

where

I(x,y) is the original image, I'(x,y) is the approximated version
(which is actually the decompressed image) and M,N are the
dimensions of the images. A lower value for MSE means lesser
error.

3 -Image Transformation
Besides representing images in the spatial domain (i.e. the Cartesian
coordinates), images can also be represented in many other domains.
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The one that is used most often in image processing is the frequency
domain. In order for an image to be represented in the frequency
domain, one or more transformation must be performed. Readers
have probably seen the 1-Dimensional Fourier transform in a signals
and systems course. The 2-Dimensional Fourier transform can be
applied to images to obtain their frequency representations. The 2-
D Fourier transform is actually an extension to the 1-D case. The
transform is given mathematically by:

Hu,v)= T Tk(x,y)e ~rAele) g dy (8)

- =t

and the inverse 2-D Fourier transform is given by

h(x,y)= T TH(H,V)E Peler ) gy (9)

—_ -t

o0
g9(p,0) = / ‘g(p(‘,()sg — ssinf, psinf + scos 0) ds (10)

- 00

Results and discussion

We have some images type gray level (‘bmp’) with different sizes
for the application of the paper fig(1) , where we calculated the
shape and uniformity in table[1,2,3,4] ,and fig [2,3,4,5] for each
type of types threshold and took recognition for all images by
dividing the heights value for image of shape the best discrimination
image.
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We found that shape by used first method of calculate
normalization created best value by Co-occurrence matrix in image
(1) compared with the rest of images, and by Pun entropic , image
(5) was the best , and by using Quad tree method image (5) was also
the best.

Second method best from first method of normalize where image
(1) given the best result in table [3,4] and fig[4,5].

General , best method of use normalize she second method
therefore been used to obtain the best shape .
For calculate the best uniformity were selected testing two method
of normalize, we found that second method was the best way.

The mean square error (MSE) for each type of the three of threshold
between original image and contour image were calculated, with
using types from transformation which are Dct2, Fft2, fanbeam, and
radon transform, Then the spectrum of contour image and for all
types transformation were calculated, as shown in table[5]and
fig[6] .it has been noticed that by using MSE Co-occurrence matrix
,there we smaller value of MSE in Dct2, while Fft2,Fanbeam,Radon
transformation the values were relatively large. Table [6]
fig[7]show the MSE by using pun entropic threshold and MSE by
using Dct2 transformation. The values show that the value of the
former is larger than the latter method. while the values of fanbeam
and radon were smaller than Fft2. As regards Table [7],fig[8] show
by using Quadtree method , Dct2 transform was smaller in values
Fft2,fanbeam,radon transform.
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Figure (1) Testing images
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» First method of calculate normalization, it was found that the
number of pixles small and large from threshold.

Table (1) shape measure between original image and threshold mage

Method Image 1 Image 2 Image 3 Image 4 Image 5
Co- 2.9015e+003 8.1274 33.9526 [2] 9.9816[4] 20.7788[3]
occurrence [1] [5] 0.0117 0.00344 0.00716
matrix 1 0.0028
method
Pun entropic | 10.0527 [5] | 12.9271 | 10.9351[4] | 41.2993[2] | 515.3820[1]
method 0.0195 [3] 0.0212 0.080 1
0.025
Quad tree 1.0755 [2] 0.0783[5] 0.6498[4] 0.6775[3] 1.8222[1]
method 0.590 0.043 0.357 0.371 1

This table shown the values of the shape by using the three threshold
methods and it has been noticed image (5) was the best images by
using pun entropic and quadtree threshold ,where value shape a
round 1, while image (1) was the best by using co-occurrence
matrix threshold. as shown in figure (2).

Table (2) uniformity measure between original image and threshold

image
Method Imagel Image 2 Image 3 Image 4 Image 5
Co-occurrence | 1,4654e+029[3] | 1.3592e+030[2] | 1.5464e+039[1] |2.0820e+021[5] | 6.1849e+024
At 9.476e-11 8.79¢-10 1 1.346e-18 | 4.002e-15[4]
Pun entropic | (,1258[5] 0.4067[3] 0.2570[4] 1.7022[2] | 66.0852(1]
1.903e-03 6.154e-03 3.889¢-03 0.0257 1
Quad tree 12.2919]2] 0.5997[5] 4.1739[4] 5.5871[3] | 31.3154[1]
0.392 0.019 0.1332 0.1784 1

By Using co-occurrence threshold image (3) was the best image
with value of uniformity measure 1, as shown in figure (3). And by
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using pun entropic and quadtree threshold image (5) was the best
image with a value of one .

Fig ( 2) shape using First method of calculate normalization

Fig ( 3) uniformity measure between original image and threshold image
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» Second method found small and large direct from value

threshold

Table (3) shape measure between original image and threshold image

Method Image 1 Image 2 Image 3 Image 4 Image 5
Co-occurrence | 2.4934e+003 | 2.1642e+00 620.5135 377.8748 278.0320
matrix method [1] 3[2] [3] [4] [5]

1 0.868 0.248 0.1515 0.111
Pun enttropic | 6.0151e+005 | 4.2639e+00 | 3.8239e+00 | 1.6876e+00 | 8.3729e+00

method [1] 5[2] 5[3] 5[4] 4 [5]

1 0.7088 0.6357 0.280 0.139
Quadtree 5.4414e+003 | 2.1866e+00 | 1.6316e+00 | 1.0263e+00 | 619.5426

method [1] 3[2] 3[3] 3[4] [5]

1 0.4018 0.299 0.188 0.114

The best image in the three threshold methods was image (1), in
which the value of the shape was around one

Table (4) uniformity measure between original image and threshold

image.
Method Image 1 Image 2 Image 3 Image 4 Image 5
Co- 1.2593e+02 | 3.6193¢+03 | 2.8262e+04 | 7.8819e+02 | 8.2757e+02
occurren 9[3] 2[2] 0[1] 2[5] 5[4]
ce. 4.455¢-12 1.28¢-08 1 2.7888¢-18 2.93e-15
matrix
method
Pun | 5.2305e+00 | 4.6399e+00 | 2.5980e+00 | 1.1041e+00 | 1.0898e+00
Entropic 401] 412] 4[3] 4[4] 4[5]
method 1 0.887 0.496 0.211 0.208
Quadtre | 6.7250e+00 | 4.4690e+00 | 1.2989e+00 | 9.9777e+00 | 1.0986e+00
e 4[1] 4[2] 4[3] 3[5] 4[4]
method 1 0.664 0.193 0.148 0.163
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By Using co-occurrence matrix image (3) was the best image giving
a value of one of uniformity measure , while image (1)was the best
image giving one by using pun entropic and quadtree threshold.

Fig (4) shape using second method of calculate normalization

Fig (5) uniformity using second method of calculate normalization
Table (5) mean sequre error using Co-occurrence matrix method
between original image and extracted contour.
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Dct2 4.5635e+008 | 8.8007e+008 | 3.6381e+007 2.9053e+008 2.4416e+008
Fft2 2.5903e+013 | 4.8509e+013 | 2.3617e+011 2.7614e+012 2.3007e+012
- - - +6.9268e+009i -
2.1897e+010i | 4.0085e+011i | 3.0904e+009i 2.3701e+010i
Fan 1.2022e+013 | 5.2146e+013 | 9.2242e+011 2.5553e+012 2.2767e+012
beam
Radon | 1.3592e+013 | 6.0780e+013 | 1.0033e+012 2.7941e+012 2.5469e+012

MSE by using DCT2 transformation was small compared with
FFT2 and Fanbeam , Radon ,image (3)was the best giving smaller
MSE than( 4,5,1)images while image (2)gave large MSE

Fig(6) mean square error using Co-occurrence matrix method between
original image and extracted contour
Table (6) mean sequer error using Pun entropic method between
original image and extracted contour
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Dct2 0.4398 0.0501 0.6928 0.4470 0.5491
Fft2 3.9583e+009 4.1491e+00 | 8.9511e+00 | 8.9649e+00 9.7320e+007
+5.6306e+003i 9- 7 7 +1.8898e+00
5.0757e+00 | 11 7345e+0 | +2.7054e+0 2i
s 02i 02i
Fanbeam 2.2766e+004 1.3298e+00 | 3.3483e+00 | 2.3861e+00 | 3.3473e+003
4 3 3
Radon 2.4461e+004 1.3783e+0 | 3.5890e+00 | 2.5953e+00 3.5524e+003
04 3 3

Fig (7) mean square error using Pun entropic method between original
image and extracted contour
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Table (7) mean square error using Quadtree method between original
image and extracted contour

Method | Imagel | Image2 | Image3 | Image4 | Image5

o o o o o
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53] s s o ©
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I ¢ N - Pt
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Image (3, 4, 5) giving smaller MSE using of four types transform
while image (1,2) given larger MSE values.
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Fig(8) mean sequer error using Quadtree method between original image
and extracted contour

By using types of compression Amplitude and zonal

compression while calculating MSE between spectrum contour
image and spectrum. compressed image by rations ranging from 10-
50% from spectrum contour image.
This the table shows MSE values using Dct2 of five images and of
two types compression zonal and amplitude , where was results
obtained using amplitude smaller than using zonal compression ,and
increases MSE values with rise compression ratio
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Table (8) mean sequer error between original and reconstructed

contours using Co-occurrence matrix method for (Dct2).

3193
.WMT
.Pm

mmm
B
3
23
S Z

)

International
Science and Technology Journal
4dpa) 4

dxifilly aglall

< zonal 162.9097 | 277.6839 | 91.4297 | 253.2611 | 167.5944
B amplitude | 426.2654 | 818.5663 | 0 380.8446 | 320.8231
< zonal 116.9370 | 174.5925 | 36.4923 | 152.1090 | 96.6197
.m S amplitude | 389.8477 | 779.1495 | 0 368.4979 | 298.9434
.m < zonal 76.5648 | 105.6643 | 10.0398 | 83.8311 | 50.3697
m. & amplitude | 318.7012 | 690.7430 | O 317.5158 | 248.5139
m < zonal 47.6972 | 70.5982 | 1.0125 47.1167 | 24.9592
& amplitude | 268.2783 | 561.9192 | 0 250.4108 | 182.1924
< zonal 18.8492 | 43.1233 | 0.4349 17.9759 | 8.8302
= amplitude | 235.6467 | 391.6499 | O 157.4464 | 90.1123
(<) — N ™ < Lo
= E E E E E

B gina ol 3g8a
"'.-"»'S‘

Copyright © ISTJ

207

Ayl gall Aaall

9 polall



X

Table (9) mean sequer error between original and reconstructed

contours using Co-occ matrix method for (radon).
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In radon transform the results obtained relative of results obtained
of fanbeam transform where MSE values is large.

Conclusion

According to the obtained results, we have found that using quadtree
threshold method in image processing is the best method to give
accurate results. As regards the transform types, we have found that
DCT2 is the best. Finally, it has been found that the results of
amplitude compression are better than the zonal compression.

Recommendations
1- Recommendations include the development of research in
the study of space science.

2- Developing factory production speed for millions pieces
with the same international measurements and standards.
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Abstract
For decades, water hammer problem in hydropower plants attracts

many researchers and engineers for its complexity and importance.
In this study, a theoretical investigation of an orifice surge tank is

212 Copyright © ISTJ 4% ghaa akal) (3 g8a
;\m\j (‘JM @Jﬁ\ M


mailto:amramadan@elmergib.edu.ly

International gyt A0 sy
Science and Technology Journal Volume 16 1) Intsrsarsnal e s Torkasiags demrsal

Al ahall Adsal) Alaal January 2019 x\ I S T.J /&

conducted. A mathematical model is derived based on continuity
and momentum principles. The system of ordinary differential
equations is solved numerically using Runge-Kutta, RK-4, method
and compiled by MATLAB. Results reveal that increasing the cross-
section area of the surge tank and friction coefficient of the main
pipe will lead to a corresponding decrease in water first upsurge
levels at the tank and discharge rates as well. The same effect is
noticed when orifice friction coefficient is considered. Moreover,
the damping effect of orifice friction coefficient on water upsurge
levels and discharge rates is more remarkable when compared to
friction coefficient of the main pipe wall. Finally, for orifice surge
tanks, wave damping time is remarkably small.

Keywords: Orifice surge tank, Water hammer, Fluid transients,
First upsurge.

1. Introduction

Hydropower uses hydraulic turbines to convert energy in flowing
water into electricity. Such a source is one way of electrical
generation from renewable potential sources. Usually, a
hydropower plant is made up of the reservoir, water tunnel, surge
tank, penstock, hydraulic turbine, speed governor, generator and
grid [1]. Various turbine operations such as load acceptance, load
rejection, and combination conditions produce transients in
hydropower station, which are directly related to the safety of whole
hydropower station and local power grid, even resulting in
substantial damage and human loss in some cases [2].

A surge tank is an open chamber; open standpipe or a tank
connected to the conduits of a hydroelectric power plant or to the
pipeline of a piping system, Figure (1). The main functions of a
surge tank are:
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¢ Reduces the amplitude of pressure fluctuations by reflecting the
incoming pressure waves.

e Improves the regulating characteristics of a hydraulic turbine
because; it reduces the water starting time of a hydropower
scheme.

e Stores or provides water. The water in the pipeline is, therefore,
accelerated or decelerated slowly, and the amplitude of the
pressure waves in the system is reduced [3].

The surge tanks can be divided into two main categories - the open

and the closed surge tank. The open surge tank is connected to the

atmosphere and therefore usually placed quite close to the surface.

The simple surge tank, the two chamber surge tank and the

differential surge tank are examples of the open surge tank. The

closed surge tank, which is a complete different solution that consist
of a underground cavern filled with air, creating an air cushion

inside the cavern that works as a damping device [4].

Surge Tank ~

Main Reservoir
Penstock

Tunnel f

— ——
Figure (1): Schematic drawing for a surge tank\

When the entrance to the surge tank is restricted by means of an
orifice, it is called an orifice surge tank.

Several studies and researches have been conducted on the hydraulic
transients in hydropower plants. This issue attracts many
researchers and Engineers due to its complexity and importance in
practice. In a previous study [3], authors studied the design

’
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considerations for surge tanks to control the problem of water
hammer in hydropower stations. The study focused on the
theoretical investigation of a simple surge tank. The effect of
different parameters such as friction losses coefficient and surge
tank cross-sectional area on the water surface oscillations of the tank
and the total discharge were analyzed and investigated. System of
non-linear ordinary differential equations were numerically solved
and manipulated. Results show that increasing cross-sectional area
and friction losses coefficient results in decreasing surge tank level
and discharge rates. In addition, the height of the pressure waves
and fluctuations that induced by the water hammer was reduced and
steadier. Azhdary M [5], formulated the governing differential
equations for determining the maximum and minimum surge
heights and the fluctuations occurring in the surge tank. He made
some adjustments in the friction term. The friction is usually
nonlinear. He determined the general solution for these equations by
using non-dimensional analyses. Verhoeven et al [6], conducted a
comparative study on some of the commercial types of air chambers
used to dampen the wave in compressed pipelines, including the
classical air chamber, the classic type of rubber balloon, the classical
type with two connections and finally the modern type of isolated
air chambers. Basic principles have been applied to investigate their
operation under different working conditions and locations.
Experiments were carried out for each type. They concluded that
classical air chambers were the best in wave damping and control
when compared to the isolated type. Pinar B. [7], conducted a
theoretical study to determine the dimensions of surge tanks in
hydroelectric stations under different design and operating
conditions. In this study, three types of surge tanks were considered
namely, simple tank, orifice tank and differential tank. The
governing differential equations for water hammer problem and
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their solution were derived and manipulated. In addition to sizing of
surge tanks by deriving empirical relationships based on nonlinear
analyzes and conducting an economic study on them. Arbanovicz et
al [8] conducted a study on the problem of water hammer in flexible
polymer tubes by introducing and analyzing a new mathematical
model, where a new term was added to the equation of continuity to
describe the deformation in polymer tubes. Mechanical behavior
was described using the Kelvin-Voigt model. Theoretical results
were compared with experimental ones in literature. A comparison
between the simple surge tank and the orifice tank was done in
damping the wave height and reducing the damping time. This was
conducted by calculating the different design variables such as wave
height, discharge rate, friction coefficient of the pipes and friction
coefficient of as a function of time. They discussed the results and
wrote down conclusions and recommendations.

In this paper, controlling water hammer problem at hydropower
plants is theoretically analyzed and investigated. Design principles
of an orifice surge tank are implemented. The effects of different
design parameters under different working conditions are also
considered. These parameters include; the friction coefficient for the
pipeline, friction coefficient for the orifice, surge tank height and
surge tank cross-sectional area.

2. Mathematical Modeling

In this study, the mathematical model mentioned in references [7]
and [9] is adopted. The governing differential equations were
derived by applying the principles of continuity and the momentum
to a small differential element of the liquid with a specific control
volume. In order to simplify the modeling and solving of the
governing differential equations,, some assumptions are made as
follows:
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i- The walls of the main pipe (tunnel) are inflexible, and the
liquid (water) is not compressible.

ii- The inertia of (water) in the surge tank is very small when
compared to the inertia of the water within the main channel,
and therefore it can be neglected.

ili- Loss of pressure can be calculated using the steady state
equations of the corresponding flow velocities.

2.1 Orifice Surge Tank

In the orifice tank, there is an orifice obstructs the flow of water into
and out of the surge tank, located between the main channel of the
water and the surge tank, as shown in Figure (2). The governing
differential equations written below are derived based on continuity
and momentum principles.

\'Z
1t h
y EGL \ \
hy Z
hf ‘ HGL
L.-.> Y
Qs Ho
A p—
Reservoir e
Valve
Tunnel

—] \
o —

Orifice

Figure (2): Analysis of an orifice surge tank.

d A
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Where: Qs, Qt, Quwr = water discharge rate in the surge tank, water
discharge rate in the tunnel, water discharge rate of the turbine in
(m3/s); At, As = cross-section area of the tunnel, cross-section area
of the surge tank (m?); C = friction coefficient of the tunnel wall;

Z = Water level in the surge tank (m)’; g = gravity (m/s?);

L = length of the main channel (m); t = time (sec). ;

hi, hv, ht, Ho = pressure head at the entrance, pressure head resulting
from the velocity at entrance, pressure loss due to friction and static
pressure head (m), respectively;

Corf = friction coefficient of the orifice.

2.2 Solution Procedure

The solution procedure is mainly depends on solving the system of
ordinary differential equations numerically, in accordance with the
initial conditions and the operational data shown below. This is done
by using Runge Kutta, (RK-4) method and MATLAB software.
Initial conditions and operational data of a virtual hydroelectric
plant are;

(Z (0) =0 (m), Q: (0) =300 (m®/s), As (0) = 100 (m?), C (0) = 0, Quur
=0 (m%s), L= 500 (m), At =80 (m?), Cort = 0.1, At = 0.5 sec)

3. Results and Discussion
3.1 The effect of varying cross-sectional area of the surge tank
on the surge tank level
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Figure (3) shows the effect of varying the cross-sectional area of the
surge tank on the surge tank level. It is clear that, as the cross-
sectional area of the surge tank increases, the surge tank level
decreases.

0.04
0.035 / / Area, 200m2 ||

----- Area, 400m2 | |

0.03
Y\
0.025
E o0.02 / \\
— 0,005 |

i . S~ Rorasin L
\50 100 200

-0.005
\ Time (sec)

Figure (3): The variation of surge tank level with time
at (As=200,400 & 600 m?)

......... Area, 600 m2

~~~~~

This is attributed to the fact that in order to keep the same surge tank
water volume, increasing the cross sectional area implies decreasing
the tank level. In the figure below, the first upsurge level in the tank
decreases from about 0.036 m at 200 m? to 0.0125 m at 600 m?. It
should be noted that the first upsurge level in the orifice surge tank
is very small due to the significant effect of the orifice where the
pressure head is reduced due to the effect of friction coefficient at
the orifice of the tank. Moreover, the time required for surge
damping is also small. It is about 200 seconds.

3.2 The effect of varying friction losses coefficient on the surge
tank level
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The effect of varying friction losses coefficient on the surge tank
level is illustrated in Figure (4). It is clear that, as friction losses
coefficient increases, the surge tank level decreases. This is
attributed to the fact that increasing the friction losses coefficient
will resist the flow motion and reduces its travelling speed as a result
of high shear stresses which induced between the pipe wall and the
fluid.

0.16 L\ / —C=0.0

0.14 A y ..... C_Oll

it N/ o

| I/ y ........ C=02
l//

[l

Figure (4): The variation of surge tank level with time at
(C=0.0,0.1&0.2)

The water level of the tank decreases from about 0.17 m when the
coefficient of friction (C = 0) to about 0.041 (C = 0.2). As a result,
increasing the coefficient of friction of the main channel will
positively affect in reducing water level fluctuations and water
hammer problem in general. A gain, the time required for surge
damping is very small, about 200 seconds.

3.4 The effect of varying friction losses coefficient on the
discharge rate

220 Copyright © ISTJ 4% ghaa akal) (3 g8a
;\m\j (‘M @Jﬁ\ M




International gty p i g
Science and Technology Journal Volume 16 1) Intsrsarsnal e s Torkasiags demrsal

Ay aglall Al lsal January 2019 % I S T.J/&

In Figure (5), the effect of varying friction losses coefficient on the
discharge rate is shown. Increasing the friction losses coefficient,

results in decreasing in the oscillations of the discharge rates which
result from transient effect.
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Figure (5): The variation of discharge rate with time at
(C=0.0,0.1 &0.2).

This may be attributed to the same reasons mentioned above,
increasing the friction losses coefficient results in a high shear
stresses which induced between the fluid and the pipeline wall. The
discharge rates decreases from about 300 m%/s when C=0.0 (no
friction case) to about zero when C=0.2. In addition, very short time
is taken to diminish discharge rates, only about one second.

3.5 The effect of varying cross-sectional area of the surge tank,
friction losses coefficient and friction coefficient of the
orifice on the first upsurge

221 Copyright © ISTJ A giaa aodal) (348a
;\m\j ‘AJM @3&3\ M



International A o 0 450 iy
Science and Technology Journal Volume 16 ) [N S—

Iy aglall A gal) Alaall January 2019 \ I S T.J /&

Figure (6-a) shows the effect of varying cross sectional area of the
orifice surge tank on the first upsurge level of the tank. As expected,
by increasing the cross sectional area of the tank, the first upsurge
level of water in the tank is reduced. The first upsurge level changes
from about 0.13 m at cross sectional area of 50 m? to about 0.008 m
at 1200 m?. It can be also observed that the rate of change in the first
upsurge level after the value of 0.01 m at cross sectional area of 750
m? is very slow when compared to the counterpart before this value,
so it is not feasible to increase the area of the tank section more than
this value. In the same way, Figure (6-b) shows the effect of
increasing orifice friction coefficient of the surge tank on the first
upsurge level of the tank. As orifice friction coefficient increases,
the first upsurge level of water in the tank decreases significantly.
In general, the first upsurge level changes from 0.09 m at Corr = 0.1
to about 0.022 m at Cors = 0.5 It can be also observed that increasing
the orifice friction coefficient beyond the value 0.35, is not feasible,
as the change in the first upsurge level of water in the tank will not
be significant. Figure (6-c) shows the effect of increasing friction
coefficient of main channel wall on the first upsurge level of water
in the tank. As the friction coefficient increases, the first upsurge
level of water in the tank inversely decreases. In general, the first
upsurge level changes from 0.16 m at C = 0 (no friction wall, smooth
pipe case) to about 0.02 m at C = 0.5. It can be noticed that
increasing the friction coefficient beyond the value (C = 0.3), will
not be feasible, as the change in the first upsurge of water in the tank
will not be important anymore.
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Figure (6-c): The variation of the first upsurge level with friction

It is worth noting that the effect of orifice friction coefficient, Corr,
on the first upsurge level of water in the tank is more rapid and active
when compared to the main pipe wall friction coefficient, C.

Conclusions

A theoretical study for an orifice surge tank that designed to
suppress water fluctuations and transients in a hydropower plant is
conducted. In this study, a system of ordinary differential equations
is simultaneously solved and manipulated numerically. Runge Kutta
(RK-4) method is implemented. A computer program in MATLAB
is written and compiled. The effect of different design parameters
and operating conditions on water level and first upsurge at the
orifice surge tank is investigated. The main findings of this study
can be summarized as follows:

In general, it was observed that with the increase in the cross
sectional area of the orifice surge tank, the water level and first
upsurge of water in the tank are decreased, the increase in the area
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led to a corresponding decrease in water level and discharge rates
fluctuations. Moreover, the same effect is noticed when increasing
both friction coefficient of the main pipe wall and orifice friction
coefficient of the tank. The greater the coefficient of friction is, the
lower the water level of the tank becomes. In the same manner, the
orifice friction coefficient of the tank does so. When compared to
the effect of friction coefficient of the main pipe wall, the orifice
friction coefficient has more quick and fast influence on the
reduction of water first upsurge levels and discharge rates at the
tank. Careful concern should be taken into consideration when
designing such surge tanks. In addition, time required to damp the
surge wave is remarkably small, this makes orifice surge tanks more
reliable and suitable for water hammer control applications. The
final decision for using such tanks also depends on other factors
such as cost, topography, location, operational conditions, type of
equipment and machinery used, load requirements on turbines, labor
.. etc.
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Abstract

In this study, the effect of nozzle diameter is investigated
experimentally on the shape and size of the AZ31 alloy powder
produced via the gas atomization method. To do this, tests are
carried out at a constant temperature of 790 °C, with a gas pressure
of 35 bar and by applying nozzle diameter at four different values:
2,3,4,5 mm. The atomization of the melt is done with argon gas,
while scanning electron microscopy (SEM) is used to determine the
shape of the AZ31 powder produced, XRD and XRF analyses are
applied to determine the phases generated in the internal structures
of the powders produced as well as the percentages of each phase.
Also, a laser-assisted measurement device is used for powder size
analysis. The general appearance of the AZ31 alloy powders
produced is in the form of ligament, rod, droplet, flake and spherical,
and most of the powders got into flake and spherical forms
depending on the increase in gas pressure. It is determined that the
finest powder is obtained at a temperature of 790 °C and a gas
pressure of 35 bar at a diameter of 2 mm, and that the overall powder
get in form of both droplet and spherical.

Key words: Gas atomization, AZ31 alloy powder, nozzle diameter.

1. Introduction

Magnesium is known as the lightest engineering metal
having a density of 1.74 g/cm?, that is 35% less than aluminum and
75% less compared to primary metals used today [1,2]. In
comparison, magnesium has a remarkable hardness and brings
many benefits such as better specific strength and increased
absorption capacity [1,3]. The AZ31 series alloys are one of the
most common magnesium alloys thanks to their lower cost, better
resistance to corrosion as well as mechanical strength obtained
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through adding aluminum, zinc and manganese [4,5]. In this family
of alloys, the AZ31 alloy has additional structural strength since it
precipitates from the magnesium matrix and forms dual precipitates
with aluminum and manganese [6,7]. Furthermore, as it adds to the
strength of these materials with fine microstructures, producing
them with low formability such as that of magnesium’s and their
alloys with powder metallurgy today has turned into a necessity in
the industry. For this reason, powder metallurgy has been proved to
be an option in manufacturing methods like casting, hot and cold
pressingg, and  machining.  Whereas  coarse-structured
microstructures can be formed via casting, powder metallurgy is
regarded as a useful method so as to come up with finer
microstructures [8,9]. Making composites with the help of the
powder metallurgy method, characteristics like increased surface
wear resistance, surface friction and surface tensions can be
achieved at high temperature [10,11]. Powder production technique
using this method can be carried out in four different ways:
mechanical, chemical, electrolysis, and atomization. Among the
other methods, gas atomization is the most common for the purpose
of obtaining fine and spherical powders. The primary reason for
demand behind spherical powder material is that powder-powder
contact in pressing and sintering stages has to be both homogeneous
and multi-directional [12,13]. In this respect, atomization can be
described as the degradation and solidification of molten metal into
tiny droplets using either water, air and gas pressures or mechanical
pressure. In return, the atomization process has 4 different forms:
water atomization, gas atomization, centrifugal atomization, and
vacuum atomization. Producing over 60% of the metal and
nonmetallic powders with gas atomization makes has made this
specific method an advantageous one over the other forms. Gases
including air, nitrogen, argon and helium can be applied as
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pressurized fluid so as to decompose the liquid metal bundle in gas
atomization [14]. In other words, one can produce any form of metal
and alloy powder which can be melted using the gas atomization
method. In doing so, there are major factors at play, mainly the type
of gas, its pressure, nozzle diameter and melting temperature. As the
gas pressure is added, the temperature and viscosity of the molten
material tend to drop, thereby allowing the formation of smaller
powders [15].

2. Experimental Work

Experimental studies were carried out at the Gas Atomization
Unit at Karablk University Faculty Manufacturing Engineering
Department of Technology Faculty. The Gas Atomization Unit
shown in Figure 1 consists of seven basic parts:

1. Melting furnace,

2. Atomization tower

3. Nozzle and nozzle holder
4. Powder collection unit

5. Gas sytem

6. Cyclones

7. Control panel

The melting furnace is designed and manufactured to operate
continuously at approximately 1200 ° C. During the melting, gas
inlet and outlet units are placed on the side of the melting furnace in
order to form a protective gas in order to prevent the formation of
oxide as soon as and after atomization
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Powder
collection
unit

Gas system

Figure 1. Gas atomization unit

In order to control the flow of the melted metal in the ladle Figure
2b, the worm screw system and the graphite stopper were used. The
melting furnace is shown in Figure 2a.

Magnesium alloy AZ31 has a melting temperature of 620 ° C. The
leakage temperature of the materials ranges between 150 and 200 °
C of melting temperature. For this reason, a minimum of 790 ° C, a
maximum of 850 ° C and an average temperature of 820 ° C.
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Figure 2. (a) Image of the interior of the melting furnace (b) Melting pot

The liquid metal was heated for one hour after reaching the required
temperature, and the graphite plug with the helical screw system was
manually turned up and the metal flow was ensured. During the
metal melting process, argon gas was released at low pressure (about
2 bar) in the furnace to protect the dissolved metal against the onset
of oxidation and combustion reaction.

The atomization tower of the Gas Atomization Unit is shown in
Figure 3. The produced powders are collected in the powder
collector located at the bottom of the atomization tower.
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Figure 3. Atomization tower.

In order to atomize the liquid metal, a closely coupled supersonic
nozzle holder with a circular hole is used in Figure 4a. Nozzle holder
and nozzles are made of stainless steel.

The nozzle (Figures.4, aand b) is located on the nozzle holder in the
furnace. Four different nozzles with diameters 2, 3, 4 and 5 mm were
used. In closely matched systems, the heating of the nozzle is
extremely important.

Figure 4. (a) Nozzle holder and Nozzle (b) Front view (c) Top view
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If the nozzle is not heated sufficiently, the temperature of the melt
metal at the nozzle end will decrease and the liquid metal flow will
decrease. Uslan and Kugukarslan [20], in their study on the
experimental investigation of gas atomized tin powder production
parameters, the effect of back pressure at high pressures caused by
molten metal. Therefore, the nozzle holder and nozzle used in this
study were placed in the interior of the melting furnace to prevent
the solidification of liquid metal in the nozzle. The test was carried
out at nozzle diameter of 2,3,4 and 5 millimeters.

The produced powders are collected in the lower part of the
atomization tower and in the lower part of the two cyclones
connected in parallel to the powder collection unit Figure 5.

Figure 5. Powder collection unit.
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The powder collector and cyclone are made of stainless steel. The
powder collector is cylindrical, 400 mm high and 300 mm in
diameter. Cyclone separator; it is made of a cylindrical diameter of
800 mm diameter and a diameter of 400 mm. After each experiment,
the inside of the atomizing device and the cyclone were cleaned.
The resulting powder was stored in desiccators to prevent oxidation.
In the experiment, an argon pressure tube having an operating
pressure of 200 bar was used as the atomizing gas. Three argon tubes
are connected to the gas ramp to prevent gas pressure fluctuations
and fluctuations when the gas pressure in the tube drops during the
atomization process Figure 6. After the atomization process begins,
the pressure reading in the gauge is considered to be the gas
pressure. Figure 7 shows the pressure gauge used during the
atomization process. Argon gas is used as the atomizing gas. The
test was carried out at pressures of 35 bar.

Figure 6. Argon gas system.

Two cyclones connected in parallel with each other were used to
evacuate the gas used in the atomization tower and to maintain fine
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powder. The image of the cyclone is shown in Figure 8. In addition,
a powder removal fan is used to remove fine powder. The power of
the powder removal fan is 2,500 rpm. The powder we originally
produced and what we call the roughest powders fall into the powder
collector. Second, the average size of powder in the middle of the
powder falls to the center. Finally, the finest powders fall through
the powder fan to the last cyclone.

Figure 7. Manometer

Figure 8. Cyclones.
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3. Atomization work

Gas-atomized AZ31 powder was produced using a closely
matched circular perforated supersonic nozzle system during
operation in a gas atomization device. During the atomization work,
the liquid was superheated at AZ31 melting temperature (620 °C).
The operations performed during the atomization work are listed
below.
1. First, install the nozzle holder for the test at the bottom of the
furnace.
2. Place the nozzle used in the experiment in the nozzle holder to
provide flow between the pot and the nozzle holder.
3. Place the stainless steel pot on the nozzle in the oven.
4. The oven top cover is closed. A graphite plug having a stainless
steel annular thread system that controls the flow of molten metal
when the lid is closed is mounted in a manner to provide a seal for
the center of the pot in the furnace.
5. During the metal melting process, argon gas is introduced into the
furnace at a low pressure (about 2 bar) to protect the molten metal
from the onset of oxidation and combustion reactions.
6. But about 50 g of AZ31 material in the ingot for each test, the
AZ31 material was heated to 790, for one hour. The temperature of
the melted material was measured by means of two thermocouples
which were immersed into the stainless pot and were located outside
the pot.

7. Argon gas was given at low pressures within the atomization
tower 15 minutes before the atomization process to prevent the
produced powders from reacting with air.

8. The atomization gas pressure was adjusted to the desired pressure
with manometer and gas was sent to the nozzle.
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9. It is ensured that the molten AZ31 alloy is flowing and atomized
by argon gas by turning up the graphite plug with worm screw
system. After the metal flow was completed, the gas flow was
stopped and the atomization process was completed.

10. Powder collected in powder collector and cyclones are collected
in desiccators. The powder collector, cyclones and atomization
tower were cleaned for the next test. The installation of the unit was
repeated and the above listed procedures were repeated for a new
test. The basic principle of gas atomization and powder production
is given in Figure 9.

metal — ) Cﬁ
power production

flow

atomization
tower assembly

gas jet > atomization < gas jet

Ty post|
d =—> production [powder collector

powder ) processes
.__________..-l"-'.-—-_

Figure 9. Gas atomization flow chart.

The atomization parameters of the AZ91 powders produced by the
gas atomization method are given in Table 1.
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Table 1. Powder production parameters

No Melting Gas Nozzle
metal pressure diameter
temperature bar mm
C°
S1 5.
S2 790 35 5
S3 4
S4 5

3. Results and Discussion

The experiments were carried out at a constant temperature of 790
C°, 35bar and 4 different nozzle diameter (2,3,4,5 bar). Argon gas is
used as the atomizing gas, and powder size analyses is performed
with the Mastersizer 3000 model device. The working principle of
the device is to throw red and blue laser lights on the sample. Then,
the reflected and broken laser beams are examined using light
detectors. The angle and intensity of the scattered light determines
the particle size distribution of the sample. The dimensional values
of the AZ31 alloy powders produced appear in Table 2 as Dv (10),
Dv (50) and Dv (90). In addition, the influence of the gas pressure
on the powder size is clearly seen in Figure 10. Nozzle is known to
have an important influence on the powder size and shape in powder
production using the atomization method. As shown in Table 2, the
smallest nozzle diameter value in this study is 2mm.

Table 2. Particle size of AZ31 powders
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Specific

Gas Nozzle Dv (10) Dv (50) Dv (90) Surface

Temperatu .
P Pressur Diamete

re (C° Area(m?/k
() e (bar) r(mm) wm wm (
9)
2 18.1 46 99.2 186.7
3 28.1 66.1 146 117.8
790 35
4 35.4 92.2 235 90.38
5 41.3 119 296 68.1

When Table 2 and Figure 10 are examined, it can be seen that the powders
produced are in the range of 18.1 to 203 pm, and that the smallest average
powder size is obtained at 2mm diameter of nozzle which is 46 um. A 10%
portion of the powder produced under 2mm nozzle diameter is below 18.1
um, while the remaining 90% consists of powder below 99.2 um. At least
10% of the powders produced were found to be composed of powders
sizes smaller than 10 um, but these powders sizes were not measurable
because they were plunged into the atomization towers and cyclones, or
even to the containers in which the powders were stored. When the
Specific Surface Area known as the area per kg in the literature is
examined, it is seen that the area expands as the nozzle diameter decrease.
It is known that the powders produced increase the press ability and sinter
ability properties. As a result of experiments in the production of the AZ31
powder by gas atomization method, the effect of nozzle diameter is clearly
seen. The SEM images given in Figure 10 reveal that the grain size of the
powders produced in the vessel is increase.
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When examining Figure 10, it can be seen that due to the increase
in nozzle diameter, the average powder size increases. The average
powder size (Dv50) of the powder produced at 5mm diameter was
80.2um, and the average powder size (Dv50) was reduced to 46 um
when the nozzle diameter was decreased to 2mm. In this study, an
SEM image (100X) of powders produced from different nozzle

diameter is given in Figure 11.
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Figure 11. SEM images of powders (100X) at different nozzle diameter
(@) 2mm (b) 3mm (c) 4mm (d) 5Smm.

As can be seen in Figure 11, the powder size increase with the
increase of nozzle diameter. The reason for the increase in powder
size due to the nozzle diameter can be explained as an increase in
the average powder size value in powder production because of the
lower energy transfer to the molten metal at higher nozzle diameter.
It is understood from Figure 12 that the powders prepared are
generally spherical, droplet, ligament, complex and flank
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Figure 12. SEM images of the powders produced (1000X) at different
nozzle diameter (a) 2mm (b) 3mm (c) 4mm (d) 5mm

As can be seen from the SEM images shown in fig. 12, the powder
shaped spheres and droplets become ligaments and flanks, due to
the increased nozzle diameter. In particular, the powder produced
with 2mm of diameter and giving the SEM image in Figure 12a and
b is significantly reduced, droplet and spherical. Examining Figures
12a and b, it can be seen that the powder has spherical and droplet
shapes.

Table 3. Chemical (XRF) analysis results of the produced AZ31 alloy
powder

Elements Mg Al Zn Mn Si
Content (%) 94,71 278 1,62 0,61 0,22
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Figure 13. XRD pattern of AZ31

In the XRD pattern of the AZ31 alloy, Mg which is the o phase and
the B phase were determined Figure 13. The AZ31 alloy, whose
chemical analysis is presented in Table 3, contained 94,71 wt % Mg,
2,75 wt % Al, 1,62 wt % Zn, 0,61 wt % Mn, and 0,22 wt % Si. It is
seen in the XRD results given in Figure 13, that Mg and Al combine

to form Al2- Mgz precipitate during the solidification.

3. Conclusion
The following results were obtained in this study conducted
on the characterization of AZ31 powder produced using the gas
atomization method with different parameters:
v Powders in different shapes and sizes were obtained with
this method. The smallest powder size occurs at 790°C, with
a 2mm nozzle diameter and at 35 bar pressure.
v The powder size decreased as nozzle diameter decreaed.
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v' With decreasing noozzle diameter, the powder shape
changed from ligament, flake, and complex to droplet and
spherical.

4. According to the XRD and XRF results, the produced

AZ31 alloy powder was composed of a and (Al - Mg17)
phases in the structure.
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Abstract:

Adhesion increased as the content of urethane macromonomers
(Ums) increased in graft copolymer. The graft copolymer prepared
using a high UM2 feed for both PMMA and PnBMA showed
improved in adhesion compared to the pure methacrylate polymers.
The adhesion was better whether for leather and for vinyl. Surface
and adhesive properties were improved as the amount of UM2
content increased in the graft copolymer. Smaller contact angles
result giving a surface with a higher surface energy and increase in
T-peel strength was observed as the amount of UM2 content
increased in the graft copolymer.

Key words: polyurethane — graftcoplymer- acrylic polymer —
surface properties- adhesion

Introduction

Adhesion is the intermolecular action at the interface of two
surfaces.! It’s a multi-disciplinary topic which includes surface
chemistry, physics, rheology, polymer chemistry, stress analysis
polymer physics and fracture analysis. Describing the mechanism
of adhesion in simple terms is difficult due the complexity and
evolving understanding of the subject. A range of adhesion
mechanisms are based variously on diffusion, mechanical,
molecular and chemical and thermodynamic adhesion phenomena.?
5

Applications for polyacrylate homopolymers and polyurethanes
have shown remarkable growth over the last years. Many industrial
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applications require good adhesion properties and it is known that
in general purpose adhesives, the favourites are: the monomeric
acrylates, such as super glue, which cure from monomer to polymer,
the acrylics in solvent,® polyurethane in solvent " or a moisture
curing grade of polyurethane; two part epoxy resins® *° and finally
emulsion based polyvinyl acetates,'* commonly known as wood
glue.*

The major market however, is solvent based and is dominated by
acrylic using a low temperature solvent such as a MEK solvent
mixture. PUs requires a higher boiling solvent, which can be as
exotic as n-Methyl-2-pyrrolidone (NMP) where the solvent is
mostly evaporated, the urethane heated and the two surfaces joined.
This is a difficult high-tech glue to use, not generally accepted for
household use.

In this study a graft, copolymer has the properties of both an acrylic
and a urethane and then to increase the solubility of the urethane in
a common solvent by it being pulled into solution by the acrylic part
of the molecule. As the solvent evaporates two phases form and
either phase can be continuous, but it is preferentially for price to
have a continuous acrylic phase with nano inclusions of
polyurethane, which means that either the acrylic or the urethane
phase can associate with the surface to be glued. This we have
proved previously in rolled steel research by mixing three urethanes
with different functionality and finding enrichment of the correct
one at the adhesive surface phase and enrichment of the correct one
at the air surface phase and modulus improvement of the entire
adhesive film by enrichment of the high modulus component in
between these.® This has also been proven in early polycarbonate
bullet proof transparent sheets, where the soft silicone rubber
required needed to be soft, but bond securely to the
polycarbonate.’* Here block polymers of polycarbonate with
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silicone were used with excellent bullet stopping effects, no easy
delamination.

Theoretical and background

For any material, the molecules in the bulk have no net force acting
on them, while the ones at the surface encounter a net force inward.
For solids, this force is called as “surface free energy” (SFE) or
surface tension and defined as the amount of energy required to
change the surface area of a material by one meter square. Knowing
the SFE value of a material, one can predict whether the material is
wettable or not by a certain liquid. Solids, which have the similar or
higher SFE than that of a liquid's SFE are wettable by that liquid.®
Contact angle (8) of a liquid drop is the angle formed by the surface
and the tangent of the drop at the point it touches to the surface.
Contact angle indicates the strength of non covalent forces between
the liquid and the first monolayer of the material. The liquid drop
spreads on the solid and wets the surface, in case of strong
interactions between phases.'® Zero contact angles mean a strong
interaction between the phases and complete wetting by the liquids.
SFE can be obtained by using different approaches.!” All these
methods are based on contact angle measurements, but they may
have discrepancies in the results.™>!” In this study the harmonic
mean approaches was used to measure the surface tension of UM
and its graft copolymers.

In the harmonic mean approaches The surface tension of polymer
can be divided into a non-polary dispersion component, y¢ and the
polar component, v* that is 1y =y + P

The harmonic mean is Eq (1)

d, d p.p
(1+cos¢9i)yi:4{ Vilvs o Vils } O

vl +yd v +y?
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If the subscript 1 expresses water, the surface tension, dispersion
component, and polar components of water are: y, =72.8,y =

22.1,y" =50.7. If the subscript 2 expresses glycerol, the surface
tension, dispersion component, and polar component of glycerol
are:y, = 64,75 =34,y) =30.

According to the above mentioned parameters and the contact angle
0; of water on the surface of polymer and glycerol on the surface of
polymer as well as the harmonic mean Eq. (1), two simultaneous
equations can be obtained, one from the polymer and water, the

other from the polymer and glycerol. The dispersion component »¢

and polar component y? of each polymer can be gained by solving

the two simultaneous equations.

Contact angle (0;) for a sessile drop, is defined by the tangent at the
air /liquid/ solid line of contact and line of contact and line through
the base of liquid drop where it contacts the solid. '® Each contact
angle was calculated by the following equation:

Contact angle (0) = 2x tan'l(h/ r) 2
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Figure 1: Image of a water drop showing the height and radius used in
determination of the contact angle 0.

Experimental

Materials

Any consideration of adhesion mechanisms requires information
about the physical and chemical properties of the adhering surfaces
and the delamination surfaces in cases where adhesion has failed in
use or as a result of mechanical testing. Urethane macromonomers
(UM1 and UM2) and all their graft copolymers (PMMA-g-UM and
PnBMA-g-UM2)  were  described  previously.  Glycerol
(CH20HCHOHCH20H) was product of Merck. Deionized water
(DD, from a Millipore milli-Q purification system) and silicon oil
(SA Silicones)

Optical contact measurement

Sample films were prepared by melt pressing at temperatures
between 40 and 200 °C. A 1 pul drop of water or glycerol was placed
onto the sample film and the magnified image was captured using a
Nikon SMZ-2T (Japan), model VCC 250C digital video camera.
Figurel shows a cartoon of a captured image. Included on the image
are the parameters used to determine the static contact angle

252 Copyright © ISTJ 4% ghaa akal) (3 g8a
;\m\j (‘M @jﬁ\ M



International A o 0 450 iy
Science and Technology Journal Volume 16 ) [N S—

Al ahall Adsal) Alaal January 2019 x\ I S T.J /&

according to the relationship in Equation 1 below. PVR- plus
software was used for imaging along with an Able Image analyzer
(u-labs) version V3.6, which enabled determination of the lengths
associated with contact angle calculation. For the statistical
approach, at least five (mostly 8) values were measured for each
liquid. Drops which had unsymmetrical forms (difference between
the angles at both sides being higher than 5°) were excluded. The
temperature of the environment was fixed at 20°C. The contact
angle results are given in Table 1.

Surface energy measurement

The surface energy of urethane macromonomers and methacrylic
/urethane graft copolymer was determined via measurements of
contact angles of a set of testing liquids (i.e. re-distilled water,
glycerol). The drop of the testing liquid (V = 1 ul) was placed on the
polymer surface, and a contact angle of the testing liquid was
measured. The surface energies of the polymer were evaluated by
harmonic mean equation. In the calculations two simultaneous
equations can be obtained, one from the polymer and water, the
other from the polymer and glycerol and Windows Excel program
were used.

Adhesive preparation

The samples were prepared by dissolving PMMA, PNnBMA, and
their graft copolymers which have high percentages of UM2 content
(UM1 copolymer only dissolved in a strong solvent like NMP i.e.
MEK was/is not a good solvent for this adhesive) into a solvent
comprising 50 wt % THF 25 wt % acetone and 25 wt % ethanol and
the solid content of the sample was 35 wt %.

Peel test
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The substrates used for peel tests i.e. commercial leather or vinyl
were cut and the dimensions of the substrates were 8 cm x 2 cm for
the T- peel test. However, the adhesive coating area was 6 cm long.
The sample of copolymer/solvent glue was then placed on the
commercial leather or vinyl to form the testing sample which was
conditioned at room temperature using a pressure of a 5 Kg weight
on the test piece.

A T-peel test was carried out using a Universal Testing Machine
(UTM) (LLOYD Instruments-Model LRX 5 ) at a rate of
50 mm/min at room temperature, the Scotch tape of width 2.5 cm
was stuck over a length of 4.0 cm on the sample polymer film. Care
was taken to see that there were no air gaps or wrinkles and was kept
under a pressure of 1.0 kg for 10 min. The T-peel test was carried
out after fixing one end of the sample in one jaw and the Scotch tape
end with other piece of sample adhered to it in the other jaw. T-peel
strengths are reported as force of peel per millimeter of sample
width. For more accuracy the T-peel test was repeated 5 times for
each sample and the average T-peel strength was recorded. Table
6.3 shows calculation of peel strength of commercial vinyl and
leather for the two synthesized graft copolymers containing
different amounts of UM2,

Results and discussion

Optical contact angle analysis (OCA) is a surface sensitive
technique which allows the surface energy of the investigated
sample to be measured. The contact angle results are given in Table
1. In general, a polar and non-polar liquid are dispensed onto the
sample surface with the angle that the liquid makes with the surface
(as measured through the liquid) being recorded. Smaller contact
angles indicate a more wetting surface with a higher surface energy
and therefore a greater work of adhesion.!® As surface energy and
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wettability are related to adhesion, OCA provides an indirect
measure of adhesion, allowing for the comparison between the work
of adhesion and direct adhesion methods. The contact angle results
are given in Table 1

Figure 2 (a to d) shows the contact angles of re-distilled water
deposited on the surface of graft copolymer surface films vs UMs
content. The contact angles of water in Figure 2 (a) to (d) decreased
by increasing the amount of UM which was incorporated into the
PMMA or PnBMA backbones. The contact angles of PMMA-g-
UML copolymers decrease from 96.19° for only PMMA, to 72.91°
for 40.4 wt % of UML in the graft copolymer and the contact angle
of PnBMA-g-UM1 copolymers decrease from 95.13° for only
PnBMA, to 75.02° for 42.55 wt % of UML in the graft copolymer.
On other hand the contact angles of PMMA-g-UM2 copolymers
decrease from 96.19° for only PMMA, to 79.46° for 36.50 wt % of
UM2 in the graft copolymer and the contact angle of PnBMA-g-
UML1 copolymers decrease from 95.1° for only PnBMA, to 78.84°
for 38.00 wt % of UMZ2 in the graft copolymer. Since the surface
energy of PMMA and PnBMA lower than the surface energy of
UM1 and UM2; the PMMA or PNnBMA segments migrate away
from the top of the surface to leave a hydrophilic-enriched layer that
can interact with the water. Micro-phase separation in graft
copolymers occurs even at relatively low UMs content due to
dissimilarity between the chemical structures of the PMMA or
PnBMA,
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Table 1: Contact angle values of synthesized polymer

Contact
Sample code UM% (wt % )* angle (6,)
H->O

umi 100 74.2
PMMA 0 96.2
G10M1 (PMMA-g-UM1, 10 wt
% UML feed ratio) 4.3 a2
G25M1 19.2 83.5
Gbh5M1 40.4 72.9
PnBMA 0.0 95.1
G10B1 (PnBMA-g-UML1, 10 wt

. 4.2 1
% UML1 feed ratio) 89
G25B1 18.8 81.3
G55B1 42.6 75.0
uM2 100 75.1
PMMA 0 96.2
G10M2 (PMMA-g-UM2, 10 wt

i 3.1 90.1
% UM2 feed ratio)
G25M2 20.4 85.2
G55M2 36.5 79.5
PnBMA 0 95.1
G10B2 (PnBMA-g-UM1, 10 wt
% UM2 feed ratio) 6.2 0.1
G25B2 17.0 87.6
G55B2 38.0 78.8
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Figure 2: Contact angles of water vs the content of urethane
macromonomer in graft copolymerization (a) Contact angles of water
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vs. UM2/MMA feed ratio (d) Contact angles of water vs. UM2/n-
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The dependencies of the surface energy and its polar component on
the graft copolymers were determined by the harmonic mean
method vs. the content of the UMs incorporated in the graft
copolymer are shown in Table 2. This table lists the surface tensions
of each polymer measured by contact angle method, where the
subscript 1 expresses water, the subscript 2 expresses glycerol.

Table 2: Contact angles and surface tensions for synthesized polymer

a p

Sample code 6, 0, 7s Vs 7s(mN.m™)
UMl 74.2 62.2 26.1 9.8 35.9
PMMA 96.19 84.5 20.7 2.4 23.1
PnBMA 95.13 83.2 21.6 2.5 24.1
G55M1 72.91 73.4 4.9 26.5 314
G55B1 75.02 74.5 5.8 234 29.2

Sample code 0, 0, Vs Vs 7s(mN.m™)
umM?2 75.13 67.2 21.7 11.2 32.9
G55M2 79.46 75.9 9.1 255 25.5
G55B2 78.84 78.7 4.8 21.6 26.4

Table 2 shows that, the surface energy of all synthesized graft
copolymer increase significantly with the concentration of UMs.
The surface energy of PMMA-g-UM1 copolymers increases from
23.14 mN.m* for only PMMA, to 31.42 mN.m* for 40.44 wt % of
UM1 in the graft copolymer and the surface energy of PnBMA-g-
UM1 copolymers increases from 24.07 mN.m for only PnBMA,
to 29.23 for 42.55 wt % of UML in the graft copolymer. On other
hand the surface energy of PMMA-g-UM2 copolymers increase
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from 23.14 mN.m* for only PMMA, to 25.52 mN.m* for 36.50 wt
% of UM2 in the graft copolymer and the surface energy of
PnBMA-g-UM1 copolymers increase from 24.07 mN.m for only
PnBMA, to 26.43 mN.m™ for 38.0 wt % of UM2 in the graft
copolymer. This indicates that the phase separated phases need
much longer relaxation times for the urethane component to play a
decisive role by rising to the surface.

In addition, the increase in the polar and decrease in the dispersive
forces of surface energy in much the same order, is much more
remarkable. It says that the surfaces become more hydrophilic with
increasing polar share as expected, i.e. the contact angle of water
drops falls due to the better wetting (‘as the UM content into graft
copolymer increases). High energy values are favorable for wetting
a surface. Polar interactions due to dipoles also have much higher
bonding energies than dispersion forces; so that one can also expect
high polar energy contributions to lead to a good adhesion. In other
words smaller contact angles indicate a more wetting surface with a
higher surface energy and therefore a greater work of adhesion.
Figure 3 shows the dependence of the T-peel strength of the
adhesive joint of the methacrylate/urethane graft copolymer vs.
content of UM2 using commercial vinyl or leather as substance in
the T-peel test. It is seen that the peel strength of the adhesive joint
of the methacrylate/urethane graft copolymer increases with growth
in UM2 content in the whole concentration range. The facts that peel
strength of the adhesive joints increases with increase in UM2
content reflect the modulus increase of the adhesion. Figure 3. (a)
shows the dependence of the peel strength of adhesive joint
PMMA/UMZ2 graft copolymer vs. content of UM2 using
commercial vinyl or leather as substance in the T-peel test. A
maximum value is observed for the PMMA/UM2 graft copolymer
at 36.5 wt % of UM2 in both leather and vinyl. Comparing PMMA
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with PMMA-g-UM2 copolymer containing 36.5% of UM2 shows
that the peel strength of the adhesive joint to commercial vinyl or
leather increased 1.4 and 1.9 times respectively. The increase of peel
strength to the maximum value is attributed to the modulus increase
as well as the increasing wettability of the adhesive which enhances
the peel adhesion property of the adhesive. The final increase in the
UM2 content decreases the compatibility of copolymer parts of
PMMA and UM2 as reflected by the higher peel strength. Similar
observation is also obtained for PNnBMA/UM2 graft copolymer.
Figure 3 (b) shows the dependence of the peel strength of the
adhesive joint of the PnBMA/UM2 graft copolymer vs. content of
UM2 using commercial vinyl or leather as substance in T-peel test.
Comparing PnBMA  homopolymer with PnBMA-g-UM2
copolymer containing Figure.0% of UM2 shows that the peel
strength of adhesive joint to commercial vinyl or leather increased
1.2 and 1.2 times respectively. This increase in the peel strength is
due to increasing wettability of the adhesive which enhances the
peel adhesion property of the adhesive. All the peel strength results
for all the synthesized PnB-methacrylate/UM2 graft copolymers
and which contain different amounts of UM2 are shown in Table 3.
The main increase is probably because of the modulus (stiffness)
increase as the UM2 content increases.
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UM2 content.

Table 3: Peel energy of commercial vinyl and leather for synthesized
graft copolymer containing different amount from UM2.
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2% | = |77 <
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g
5 | PMMA - 4545 | 202 | 0455 | 1039 | 21.4 | 0971
§ GIOM | 31 | 587 | 207 | 0567 | 11.09 | 202 | 1.098
5> [ G25M | 204 | 7.23 | 21.0 | 0668 | 11.98 | 208 | 1.151
< |"G55M | 365 | 9576 | 221 | 0.866 | 13.33 | 201 | 1.319
- P”/Ej'v' - 695 | 19.7 | 0705 | 14.34 | 197 | 1.452
>
-2 [ GioB 62 | 732 | 21.3 | 0687 | 15682 | 205 | 1543
"2 10258 | 170 | 78 | 201 | 0781 | 1691 | 202 | 1.764
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Conclusions

The surface, modulus (stiffness) and the adhesive properties
improved as the amount of the UM incorporated in the methacrylate/
urethane graft copolymer increased.

(a) Values of the contact angles of the water decreased by increasing
the urethane macromonomer content in the methacrylate/urethane
graft copolymer i.e. wets easier, more hydrophilic and stiffer.

(b) Surface tension increased by increasing the urethane
macromonomer content in methacrylate/ urethane graft copolymer.
(c) A maximum value of peel strength is also observed with the
maximum UM2 content in the methacrylate/urethane graft
copolymer.
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decoupling of a Boiler Turbine unit
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Abstract

his paper presents approach to design PID controllers for multi-
input and multi-output (MIMO) systems. The suggest control
strategy, which is central control, mix between of PID controllers.
The proportional gains in the P controllers as tuning parameters of
(SISO) with a view to modify the behaviour of the process nearly
independently. The idea design procedure consists a decoupler
including integral action is an identified, the decoupler is PID
controllers, the proportional gains are tuned in order to achieve the
best-specified performance. The proposed technique is applied to
representativeness processes.

Keywords: Boiler turbine unit, MIMO PID controller, 1AE, ISE,
ITAE, ITSE Methods, control by decoupling, antiwind-up
techniques.
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I. INTRODUCTION

The main part in thermal energy station is boiler, which leads
essential role in steam generation. A boiler -Turbine ensures system
high-pressure steam to rotate turbine in generation electric power.
The benefit of the boiler—turbine system control is to management
the load demand of electric power while saving the pressure and
water level in the drum within the limits tolerance. This boiler—
turbine system is usually modeling with a multi-input— multi-output
(MIMO) nonlinear system [1]. With a view to achieve a
improvement performance .The control of the unit must be
performed out by the design of multivariable control system .

Actually, to control at the same time many actions with strong
couplings, excuse the use multivariable control .There are many
interested research in the area of control in boilers and turbine unit
and the use of many ways in the area of boilers , at the same time,
there are many well-known and complex models, inspired by the
models manufactured specifically for tests. Can be used control
system for any model form must be taken into account the coupling
between singular boilers subsystems.

Generally, most industrial processes are multivariable systems.
Two-input two-output (TITO) system is one of the most prevalent
categories of multivariable systems, because there are real processes
of this nature or because complex process has been decomposed in
2x2 blocks[1, 2, 3, 4] with non negligible interactions between its
inputs and outputs.
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When the interactions in different channels of the process are
modest, a diagonal controller (decentralized control) is often
adequate. Nevertheless, when interactions are significant, a full
matrix controller (centralized control) is advisable. The Figs. 1 and
2 show two different approaches of centralized control for MIMO
processes. The first of them uses a pure centralized strategy, with
nine Kij(s). The second, in Fig. 2, uses a decoupling network with
nine dij(s) In distributed control systems it is possible to build it
from library components, but it is necessary to coordinate manual to
automatic mode changes (or automatic to manual) in every pair of
PID blocks.

Lieslehto, in [6], presented an nxn centralized control and its
particularization to PID controllers based on Internal Model Control
(IMC) SISO design. A more experimental work [7] approaches the
multivariable PID controller tuning as an optimization problem,
where it is necessary to define the desired closed loop transfer
function matrix. Both works present several limitations There is
another important reason to research ways of dealing with
interaction at the loop level [1]. Model predictive control (MPC) is
becoming the standard technique to solve multivariable control
problems in the process industry. However practically all MPC
systems are operating in a supervisory mode with sampling times
that are longer than in the PID controllers at the lower level. And
there are some difficulties in dealing with the interaction at the MPC
level because the bandwidths of the MPC loops are limited.
Therefore, the centralized control using PID controllers, the
advantage of using PID controllers is their ease of implementation
and tuning, while the advantage of other controllers is their
performance improvement. There is always a trade-off between ease
to use and cost to implement and tune The block diagram in Fig. 1
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has received considerable attentions in both control theory and
industrial practice for several decades using a decentralized Pl or
PID [2].

This paper concider the application of multivarible PID controller
to boiler- turbine unit in [8] wich is afull matrix (centralized
control) desiged by the metdolgy of "decoupling controlle [10] .

The centralized control depicated in fig 1,fig 2 has been shown
instead of decentralized control (diagonal control) because of
significant interaction of boiler -turbine behaviour.a conditioning of
anti wind up stratege has been incorporrated in the contoller
implementation in order to get better response.

Setpaint 1
Sp1
Setpoint 2
Sp2
Setpoint 3 p
Source Sp3

Figure (1-a):- 3x3 Source a unity feedback control structure
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Figure (1-d):- 3x3 unity feedback control structure
1. BOILER-TURBINE SYSTEM MODEL
A. Nonlinear Boiler-Turbine System Model

In this paper the model assumed was developed by Bell and Astrom
[7] which is real plant of boiler—turbine system. The model
represents a 160 MW oil-fired drum-type boiler-turbine generator
for overall wide-range simulations and is described by a third-order
MIMO nonlinear state equation as follows [7]:

(%, = —0.0018u,x,’% + 0.9u; — 0.15u, (1)
9
%, = (0.073u, — 0.016)x? — 0.1x, (2)
 141u, — (1.1uy — 0.19)x,

{ % = o 3)
Y1 =% (4)
Y2 = X3 (5)
¥s = 0.05(0.1307x5 + 1002, + % — 67.975) (6)

Where the three inputs us, Uz , and uz are the valve positions for fuel
flow ,steam control, and feed- water flow, respectively. The ys ,
drum water-level L, is calculated using two algebraic calculations
acs and ge that are the steam quality (mass ratio) and the evaporation
rate (kilograms per second), respectively. and they are given by

Ocs =
(1+0.001538X3)(0.8X1—25.6) (7)
%3(1.0394—0.0012304x,)

de = (0.854u, — 0.147)x; + 45.59u; — 2.51u; —
2.096 (8)
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The three inputs ui, Uz , and uz are normalized positions of valve
actuators that control the mass flow rates of fuel, steam to the
turbine, and feed water to the drum, respectively. Positions of valve
actuators are constrained to [0, 1], and their rates of change per
second are limited to the following constraints

0<uy<1i=123 ; lu;| <0.007 ; -2<1u, <0.02 ;
|us| < 0.05

The linear control design for the unit in the paper takes the linearized
model at the operating point

108 0.34 108
x?=(66.65|,u’=| 069 |, y°=|66.65
428 0.436 0

The result of the linearization is as follows

X = AX(t) + Bu(t) 9)
y = Cx(t) + Du(t) (10)
A=
[—0.0025 0 0

0.0694 —-0.1 O (12)
|1 —0.0067 0 0
B =
0.9 —-0.349 -0.15

0 14.155 0 (12)
[0 —-1.398 1.659
C=
[ 1 0 0

0 1 0 (13)

10.0063 0 0.0047
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D=
0 0 0
[ 0 0 0 ] (14)
0.253 0.512 -0.014

Then, a simple algebraic operation with Laplace transform gives
transfer functions as follows:

Y(s) = [C(sI — A)71B + D]U(s)

(15)
Gll G12 G13
Y(s)= [G21 Gzz Ga3|U(s)
G31 Gsz Gss

Then the linearized model is given by following transfer function
matrix G(s)

G1g

] 0.9 y
" (s +2.509 — 3) (16)
Goq

B 0.062482 .
(s +0.1)(s + 2.509 — 3) (17)
Gs1

_0.2533(s + 0.2874)(s — 3.864e — 3) .
B s(s + 2.509e — 3) (18)
Gz

—0.34904
(19)

~ (s +2.509 — 3)
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GZZ
_ 14.1555(s + 7.969e — 4) 20
~ (s+0.1)(s + 2.509e — 3) (20)
Gs;
_ 0.51192(s — 15.13e — 3)(s + 7.004e — 4) 21
B (s + 2.509e — 3) @D

Gis

—0.15
= 22
(s + 2.509e — 3) (22)

G23
_ —0.010414 -
"~ (s+ 0.1)(s + 2.509e — 3) (23)
G33
_ —0.014(s — 0.4868)(s + 3.539¢e — 3) (24)

s(s+ 2.509e — 3)
B. Step-Response Model With Linearization

The most cases of designing boiler—turbine control systems assumed
that the exact = mathematical model is given, therefore, the
linearization of the nonlinear mathematical model is used to design
the linear controller [10]-[13]. With this assumption, the step-
response model can be developed with the familiar linearization
technique. In this paper, instead of the physical experiment a virtual
experiment was performed to develop the step-response model by
applying step inputs to the plant described by the linear model One
of the important issues in the process test is the amplitude of the
step. In general, large step input drives the process output to
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nonlinear region, while the response of small step input is concealed
in noise and disturbance signal.

Open Loop test
From: In(1) From: In(2) From: In(3)

To: Out(1)

k‘h

AR
20:/ k ——
T

Amplitude
To: Out(2)
=
o
o

20
% o — /
200 500 1000 15000 500 1000 15000 500 1000 1500
Time (sec)
S— I I
Figure (3): Open loop test for the system
Close Loop test
X 105 From: In(1) From: In(2) From: In(3)
(0]
3
S A
-6
e
8 S sl \
£ 0
£ 8 of
-15
0.5
s +— || /]
-0.5
0 20 40 0 20 40 0] 20 40
Time (sec)
Figure (4): Close loop test for the system
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Il. PID Decoupling Control
In fig 3,4 applied the step unit on the linear model(open ,closed
loop) to find out the effect of step input size are applied PID
decoupling control consider the conventional unity output feedback
3x3 [14] control system in fig 1,2 where 3x3 processes given by

Gll G12 G13
G(s)=|G21 Gaz Gy
G31 Gsz Gss

where the process is controlled by control law depending on the
error signal, such as it shown in figl,2 Thisis ;

uy (s) k11(8)  Kki2(s) Kyz(s)||ri(s) —y1(s)
Uz (s)[ = [Kz1(S) Kaz2(s) Kkaz(s)||r2(s) —y2(s)
uz(s) k31(s) kszz2(s) Kaz(s)[|rs(s) —ys(s)

where k(s)is the 3x3 full-cross coupled multivariable transfer matrix
of the controller The paradigm of " decoupling control" [15-17]
propose to find a K(s) such that the closed loop transfer matrix

G(s) *K(s)*[1+G(s)*K(s)]* is decoupled over some desired
bandwidth. This goal is ensured if the open loop transfer matrix
L(s)=G(s)*K(s) is diagonal. For this reason, the techniques used in
decoupling over some desired bandwidth. It is a method based on
successive SISO tuning that does not suppose any additional
constraint to obtained controllers (except for their decentralized
structure) neither to the transfer functions matrix. This matrix can
include the transfer functions of only the process or also including
the decoupling net. The method allows a decoupling matrix to be
included between the plant and the controllers.

274 Copyright © ISTJ 4% ghaa akal) (3 g8a
;\m\j (‘M @jﬁ\ M



International gty p i g
Science and Technology Journal Volume 16 1) ] B Tk Jars ) Q
A,y aslall Audsal Alaal January 2019 x\ I ST I/\

In literature there are different decoupling methods: Lineal
decoupling (Desphande, 1989) is most extended method. In this, the
decoupling matrix try to eliminate interactions from all loops,
obtaining following elements for a 3x3 system.

) (s)
dyiq =1'd12(5)=—g125 ; d13(s)=—gl3S :

811(5), g11(s) ’
_ _g21(s) 4. _ _gzs(S) _ _g31(s)
21 (8) = = e G2z = 15 das(s) = = 05, daa (5) = = 75
g32(s)
dys =1 ,d = —
33 32(8) 222(5)

Figure (2):-3x3 centralized control combining a decoupler
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IV . Anti-windup strategy

In order to avoiding the windup in the Pl controllers, the simple anti-
windup scheme in Fig. 5 is implemented This scheme, which is used
for monovariable PID controllers, is based on back-calculation
(Astrém and Hagglund, 2006). It uses an input constraint model
inside the controller, where input saturations and slew-rate limits are
considered. When the saturated input is different from the P1 output,
the controller works in tracking mode following the saturated signal

Actuator
model
e=r—y
- K 1 _/_ F/a
Flo- 1 H Lo
T; s
TT; -
—

Figure (5): Anti-windup technique for a Pl controller.

V. SIMULATION RESULTS

The control system and the process model were simulated with
MATLAB in a personal computer environment . analyze The SISO
PID Boiler Control System of Figl,2 is prepared to test any
controller for step change in the steam pressure set point and for
time variant load level conditions. The procedure to follow is similar
to the multivariable case and two types of experiments have been
considered. For the single-loop boiler control problem, four
individual indexes have been proposed in order to compare the
controllers. The MATLAB program Boiler_SISO

Control_Evaluation. and the function Boiler SISO. are provided
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to help this testing. In order to understand the performances of the

multivariable PI controller the behavior of the boiler- turbine unit
system was shown. Figure 5,6 7, and 8show that the response tried
to become stable on an acceptable time with the use of the decoupled
PI control. The decoupling of inputs in order to avoid the influence
of great interaction ,hard constraints ,and rate limits imposed on the
actuator. The indexes are the Integrated Absolute.

Error (IAE) ,(ITAE),(ITSE), taking into account that the steam
pressure and the water level have their respective setpoints .
parameters shows the ability of this control strategy to compensate
errors.

The experimental results and the Pl simulation prove the efficiency
of the proposed control algorithm. The developed strategy is robust
and easy to implement and adapted to the developed system model.
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(o) 10 20 30 40 50 60 70 80 90 100
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>
-20
[0} 10 20 30 40 50 60 70 80 90 100
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Figure (6): Responses of system from nominal operating point to a 'near’
operating point.
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Figure (7): Responses of system from nominal operating point to a 'near’
operating point.
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Figure (8): Responses of system from nominal operating point to a 'near’
operating point.
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Figure (9): Responses of system from nominal operating point to a 'near’
operating point.
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Figure (10): Responses of system: with Decoupling.
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Figure (11): Response of system: with Anti windup.

VI .Conclusions

A new methodology for designing 3x3 PID controllers has been
presented. First, a decoupler with integral action is designed. Next,
the decoupler is approximated by a PID network. In this way, the
resulting full matrix controller can be easily implemented in
commercial control systems It is a method based on successive
SISO tuning that does not suppose any additional constraint to
obtained controllers (except for their decentralized structure) neither
to the transfer functions matrix. This matrix can include the transfer
functions of only the process or also including the decoupling net.
The methodology obtaining good results. The most relevant aspect
of the new methodology has been shown in simulation.
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Abstract

The aim of this study is to investigate the effect of deep cryogenic
treatment (DCT) at -196°C, 20 hrs. On wear behavior and hardness
of AISI D2 and AISI P20. The heat treatment cycles were
investigated by carrying out DCT between hardening and double
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tempering. The results obtained from the preliminary analysis
showed that the wear rate for AISI P20 tool steel is higher than that
of the wear rate of AISI D2 which led to better improvement in term
of wear resistance of AISI D2 tool steel. The influence of DCT on
hardness of tool steels were also investigated and the increase of
hardness of AISI D2 was more obvious compared to AISI P20. A
comparison of the two results reveals an improvement of hardness
and wear resistance in deep cryogenic treatment DCT process of
AISI D2 compared to AISI P20 for certain soaking time which was
observed by micro-structural examination. In addition, it was more
pronounced when it’s carried out immediately after hardening and
before tempering where the transformation of retained austenite was
high lighten by means of enhanced destabilization of martensite.

Keywords: Deep cryogenic treatment (DCT), Conventional heat
treatment (CHT), Retained austenite, Wear resistance,
Microstructure, Tool life, (AISI D2 : high carbon , AISI P20 : low
carbon) .

I. INTRODUCTION

Tool steel is a versatile material that can be referred to a variety of
carbon and alloy steels that are particularly well-suited to be made
into tools. Their suitability comes from their distinctive hardness,
resistance to abrasion. Tool steels are broadly divided into six
categories like cold work, shock resisting, hot work, high speed,
water hardening, plastic mold and special-purpose tool steels. Cold
work tool steels(high carbon high chromium) that exist among them
and it is the most important category, as they are used for many types
of tools, dies and other applications where high wear resistance and
low cost are needed.[1]

In recent years, there has been an increasing amount of literature
on the effects of cold treatment on the steels, particularly on the tool
steels. Cold treatment is generally classified into two types either so
called “sub-zero treatment” at temperatures down to about -80°C or
“deep cryogenic treatment” at liquid nitrogen temperature-196°C.
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More recent evidence shows that the wear resistance is further
enhanced by virtue of cryogenic treatment at liquid nitrogen
temperature [2, 3].

Several researchers believed that there are two mechanisms to
improve the mechanical properties of the work that has been treated
cryogenically. Firstly, the mechanism is attributed to the
transformation of retained austenite to martensite. Secondly, to
initiate the nucleation sites for precipitating a large number of fine
carbides in the matrix of martensite. [4, 5].Cryogenic treatment
commonly referred to as cryotreatment, is an add-on process to the
conventional heat treatment of tool/die steel. It consists of controlled
cooling of conventionally hardened steel specimens to some
selected cryogenic temperature —50°C to—-196°C and holding there
for sufficiently long duration 20hrs to 75 hrs before being heated
back to the ambient temperature at a predetermined rate for
subsequent tempering treatment. It is different from the age-old cold
treatment, which is carried out in between — 60°C and - 80°C and
without any significant duration of soaking at the lowest
temperature of treatment [6, 7, and 8].

Due to the cryogenic treatment, the problems occurred in
conventional heat treatment is reduced by controlled transformation
of the retained austenite into martensite, which is essential to many
types of component. Deep Cryogenic treatment in tool steels causes
the precipitation of finely dispersed carbides in martensite and also
converts soft unstable austenite to martensite. In some research
paper they find a high density of dislocations after deep cryogenic
of AISI H13 hot work tool steel. The same effect was observed by
other authors, which found a finer and more homogeneous carbide
precipitation in different tool steels after DCT [9]. Cryogenic
treatment improves wear resistance, hardness, toughness, resistance
to fatigue cracking, microstructure of metal (retained austenite to
martensite), dimensional stability, and decrease in residual stresses.
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Il. EXPERIMENTAL WORK

A. Materials

The experiments were conducted using a representative samples of
AISI D2 and P20 tool steel for studying the effect of deep cryogenic
treatment on wear behavior and hardness, where the chemical
composition of the selected specimens are listed in table (1). The
selected specimens material were cut from bar 45mm diameter with
10mm thickness and stationary block dimension of 55mm x 30mm
x 10mm were machined according to the testing standards (ASTM
G77) wear test block on ring.

Table 1. Chemical composition of the AISI D2 steel (Weight %)

Element | AISI D2 AISI P20
C 1.54 0.41

Mn 0.38 1.5

Cr 12.4 0.2

Mo 0.69 0.3

Si 0.39 0.3

P - 0.03

S - 0.03

\Y 0.8 -

B. Heat Treatment Process

The material selected for this work was subjected to various heat
treatment as per ASTM 681-A with respect to a soaking time for
deep cryogenic treatment at 20 hrs; a summary of heat treatment
cycle studies is shown in table (2).

Table (2) Heat treatment cycle for AISI D2&P20 tool steel
AlSI Heat treatment cycle
Hardening (850°C for 1/2hr) — Quenched in oil (60°C for 1hr)
P20 - Deep cryogenic (-195°C) for (20hrs) — double tempering (200°C
for 1hr).

Pre heating (650°C for 1/2hr) — Austenized (1040°C for 1/2hr)
D2 —Quenched in oil (60°C for 1hr) —Deep cryogenic(-195°C) for
(20hrs) — double tempering (200°C for 1hr).
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In the first stage of the process, all the specimens were hardened at
the austenitization temperature in separate way for half an hour then
quenched in oil as per ASTM 681-A, then after cooled to a room
temperature, the specimens were placed in a heating furnace at
60°C for 15 minutes. The purpose of hardening was to increase the
hardness and toughness of tool steel. The cryogenic treatment is
carried out with deep freezing using locally made cry- processor
system as shown in Figure (1), the temperature were Monitored and
regulated using Fluke (53 Il) digital thermometer with data logging
(-200°C to +1372°C). The cryogenic process was done by uniform
cooling of the samples to -195°C and holding at this temperature for
a soaking time of 20 hrs followed by a uniform heating to room
temperature.

Specimens holder ]

Liquid nitrogen storage
vessel

Valve for flow control of
liquid nitrogen

Temperature control ]

Insulated chamber ]

Outlet the excess ]
vapor

Figure. 1 The Experimental set up for Deep Cryogenic.

I11. Mechanical Testing

A. Hardness Measurement

The hardness tests were carried out according to ASTM standard
E18-15, an average of five measurements conducted using
Rockwell hardness tests with selected force of 150 kg-f, and the
hardness of the as received and processed specimens were measured
using hardness test machine (Officine Galileo) at the Advanced
Center of Technology.

287 Copyright © ISTJ A giaa aodal) (348a
wu ?JM @3&\ M




International gyt A0 sy
Science and Technology Journal Volume 16 1) Intsrsarsnal e s Torkasiags demrsal

Aty aslall Llgal) Llaal January 2019 x\& I S T.J A

B. Wear Test

For this study, the block on ring wear test system ASTM G77 was
selected and used to explore the effect of deep cryogenic treatment
on wear behavior of AISI D2 &P20 tool steel. The wear testing
machine (Make Amsler type A-135) was used. This system consists
of a block as stationary specimen and the ring as rotational
specimen, the block has a shape of a plate with a concave recess
which radius conforms to that of the ring. Wear test measurements
were performed using a standard test method for ranking the
resistance of materials to sliding wear using Block-on ring wear test
with lubricant oil (15w40) at room temperature in according to
ASTM G77 (Approval 2010). The dimensions of block are
10mmx30mmx55mm where the diameter of the ring was 45mm as
in Figure (2). Both Block and ring were treated with the same heat
treatment. For this test the following parameters were selected,;

1. Test load = 1000N 3. The Sliding distance 1018 meters at
2. 20 minutes

4. The rotation speed N = 360 5. Total sliding distance = 5090 meter.
RPM

6. The interval duration time = 20 min

(@)

(b)

Dimensions in mm

Figure.2 Wear test work pieces : (a) Block specimen, (b) ring specimen
[10].
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IV. RESULTS and DISCUSSION

A. Hardness study

The hardness tests of tool steel specimens which subjected to deep
cryogenic treatment DCT was carried out as per ASTM standard,
where the hardness of both hardened Tool steels (AISI P20,AlSI
D2) as received registered reading (52.1, 57.2) respectively. The
experimental Rockwell hardness number data measured both
materials after DCT were plotted as shown in Figure (3).

64

(]
N

Hardness HRC
w w w (2]
s (4] 0 o

wn
N

u
(=]

AlSI D2 AlSI P20
Tool Steel

Figure.3 Hardness test of tool steels after DCT.

From figure (3), it can be clearly seen that high hardness obtained
for AISI D2 tool steel compared with P20 tool steel, it seems
possible that these results are due to due to the transformation of
retained austenite to martensite, which means an improvement by
few percent of hardness as a result of DCT process. In fact, the
retained austenite is a major factor for the cryogenic treatment in
tool steel. Therefore, some retained austenite is still present even
after DCT, which transformed during the tempering process, and the
chromium and molybdenum carbides precipitate from retained
austenite, decreasing its content of carbon and alloying elements
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favoring transformation into martensite which can result in increase
in hardness. This arises from the transformation of retained austenite
on DCT and from the enhancement of carbide precipitation in
martensite.

B. Wear Study

To study the effect of DCT on wear behavior the discontinuous
course of the test been applied in order to evaluate wear resistance
by mass loss measuring method. According to ASTM G77
(reapproved 2010) the wear rate is supposed to be determine after
the interval sliding distance in (g/m). The effect of DCT at 20 hrs of
AISI D2 showed less weight loss compared to AISI P20 tool
specimen as shown in figure (4).

%0

2

8 0.012

£

= 0.01

[

2

 0.008

2

z

£ 0.006

2

£ 0.004 |

- »
0.002 : - . =
B = o
3
ol 1 1 I L 1 !
0 1000 2000 3000 4000 5000 6000

Sliding Distance m

&-D2 -+ P20

Figure 4. Accumulative weight loss vs. sliding distance

The results show highest wear rate reduction of D2 tool steel as
plotted in figure (5) which is indicate of high wear resistance
obtained for AISI D2 compared to P20 tool steel. This improvement
of wear resistance refer to better microstructure characteristics of
the cryogenically treated martensite which promoted by double
tempering and evolution offine carbide precipitation in the matrix.
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Figure. 5 The Accumulative wear rate vs. sliding distance

C. Micro structural Study

The microstructure of deep cryogenic treatment tool steel specimens
was analyzed using SEM (LEO-1430 VP). In general cryogenic
treatment make refinement and homogeneity of the microstructure.
I can be clearly seen that the DCT process had an influence on
martensite; which lead to crystallographic and microstructure
modifications and resulted in precipitation of finer well distribution
of carbides in the tempered microstructure with subsequent
improvement in wear resistance.

From figure (6) the SEM micrograph for D2 tool steel that was
treated at -196°C &20 hrs. The microstructure reveals tempered
martensite matrix with small carbides (the carbides those precipitate
during tempering process), and some retained austenite dispersed in
the uniform martensite structure. The fine carbides which dispersed
in tempered martensite are responsible for the high wear.
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Figure.6 The SEM Micrograph of D2 Tool Steel after Subjected to Deep
Cryogenic Treatment (20hrs.)

The evolved microstructure of DCT for AISI P20 tool steel shown
in figure (7); it can be seen that the microstructure of tempered
martensite consist of small preexisting austenite and few coarse un
dissolved carbide that were randomly distributed in the
microstructure throughout the lath boundaries of martensite.

Mag= 1.00 KX Signal A= SE1 WD= 17mm  EMT=20.00kV Date 2o
s Wb = Fgn Wewmam Photo No. =140 Spot Size = 394 Tmenessie  wiS

Figure. 7 The SEM Micrograph of P20 Tool Steel after Subjected to
Deep Cryogenic Treatment (20hrs.)
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V. CONCLUSION

The comparative studies conducted on AISI D2 & AISI P20 to
investigate the effect of deep cryogenic treatment on mechanical
properties, and the following conclusions can be drawn from the
present study:

1. The findings of this study suggest that the effect of DCT was
more favorable for AISI D2 compared with AISI P20 in
terms of the improvement in hardness and Wear Resistance

2. The results of high hardness obtained for the AISI D2
indicates that more transformation of retained austenite to
the more stable martensite phase compared to AISI P20.

3. The effect of DCT posted by double tempering showed an
improvement in wear resistance for AISI D2 and was more
pronounced compared with AISI P20 tool steel as a result of
the subsequent transformed high amount of retained
austenite into martensite.

4. The DCT of AlISI D2 leads to more uniform distribution and
homogenized of the microstructure with refinement of the
secondary carbides as compared with AlISI P20 tool steel.
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Abstract

Combustion processes in power generation and industrial heating
plants, automobiles and aircraft engines and in domestic heating are
the largest contributors to atmospheric pollution. Industrial gas
turbine emissions are very low for CO and UHC but significant in
NOx emissions at high powers. This review aimed to discuss the
NOx emissions formed in industrial gas turbine through the
oxidation of fuel bound and nitrogen contained in the combustion
air. Thus, Nitrogen oxide control methods have been compared, it is
divided into two categories: in-combustor NOx formation control
and post-combustion emission reduction.

Keywords: Gas turbine, Combustion, Emissions, NOX.
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1. Introduction

The gas turbine engine is an example of an internal combustion
engine that converts energy stored in the fuel into useable
mechanical energy in a rotational power form. Gas turbines are used
for electrical power generation, pipeline pumping, ship propulsion
and aircraft propulsion. Their major advantages compared with
other engine types such as the spark engines are a very high power
to weight ratio, which can be about twenty times as powerful as the
same size piston engine in terms of floor area required per MW of
power. Nowadays, the aerospace and power generation industries
rely on gas turbines to power a large variety of machines. These
engines initially undergo serious development with shaft power in
mind, however attention soon turned to their use for aircraft
propulsions[1, 2].

Gas Turbine components and combustion 2.

Gas turbine engines operate on the Brayton cycle (Fig.1) which is
also known as an open cycle and the three main components that all
gas turbines share are a compressor, combustion chamber and
turbine connected together as shown in Fig.2[1, 2]. An industrial gas
turbine will have a power turbine downstream of the first turbine
and this may rotate at the same speed as the main shaft (single shaft
power) or at a more optimum speed for the power turbine (dual shaft
machine). In an aero engine the power turbine is replaced with a
shaft drive to a fan at the engine inlet, which creates most of the
thrust. This normally rotates at a different speed to the main gas
turbine and all aero gas turbines are at least two shaft machines. For
RR aero gas turbines the main turbine has two shafts with the front
end of the compressor and rear stages of the turbine being driven at
different speeds. This gives a thermal efficiency advantage at the
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expense of added complexity. All other aero manufacturers use two
shaft machines.

The overall principle is that the air enters through the intake and is
compressed before being mixed with the working fluid to provide
heat. The working fluid is normally by burning a liquid or gaseous
fuel. The burnt gases then expand through the turbine, causing it to
rotate and drive the compressor. The exhaust gases are used as the
power output source of the engine. In electrical power generation,
and other shaft power engines (such as helicopter engines), the flow
Is used to drive a shaft to turn components such as generators and
rotors. For aircraft propulsion, in addition to the fan power, the
exhaust gases are expelled from a rear a nozzle to provide a thrust
on the aircraft. However, in modern aero engines the fan power
dominates and pure jet thrust is a low proportion of the total engine
thrust. Aero derivative gas turbines take the power drive that is used
for fan power to drive a power turbine[1-3].

P

Din

Faovn

= s
o diagem

Figure: The pressure-volume, PV diagram [3].

298 Copyright © ISTJ 4% ghaa akal) (3 g8a
;\m\j (‘M @Jﬁ\ M



International gyt A0 sy
Science and Technology Journal Volume 16 1) Intsrsarsnal e s Torkasiags demrsal

Al ahall Adsal) Alaal January 2019 x\ I S T.J /&

Fuel

|

F
Combustor
\ ’ ’ /
v

Com pressor Gas Turbine

/ \

y
Working Fluid In Working Fluid Out

Figure 1: Simple gas turbine cycle[3].

3. Thermal Efficiency

Nowadays, most electrical power plants use combined cycle gas
turbines (CCGT) to achieve greater efficiency than what can be
achieved with the simple cycle. A combined cycle generates steam
from the waste heat in the exhaust of an industrial gas turbine, which
in turn drives a steam turbine to generate additional electricity. The
Brayton cycle is characterized by two significant parameters: the
pressure ratio and the combustion firing temperature (or turbine
inlet/ entry temperature). The pressure ratio is defined as the
compressor discharge pressure (P2) / compressor inlet pressure
(P1).In an ideal cycle, turbine entry temperature (T3) is the highest
temperature reached. The ideal thermal efficiency (nt) is defined as
the energy produced by the engine/energy contained in the fuel as
shown in equation below. However, the thermal efficiency of an
open cycle is low (30-35%) in comparison to a combined cycle
(60%) [1-3].
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Ht = (Turbine work done - Compressor work done) | Heat
input from the fuel

4. Gas Turbine Emissions
There are two distinct categories of gas turbine emissions. The
major exhaust gases are carbon dioxide (CO, ), water vapour (H,

O), Nitrogen (N,) and Oxygen (O, ) and their concentration are

present at percentage levels assuming complete combustion. Of
these gases only CO; is a pollutant as a greenhouse gas[4]. The
compositions of these major species can be calculated if the fuel
composition and operating conditions are known. The equation for
a stoichiometric combustion can be written as:

CaHo+ (a+b/4)(0z+79/2IN,)—aCO+ (b/2)H, O+ (a+ b/
4)79/ 21N,

The second category are minor species that are environmentally
harmful and harmful to human health: this includes carbon
monoxide (CO), unburned hydrocarbons (UHC), particulate matter
(PM), smoke (carbon), oxides of sulphur (SOx) and oxides of
nitrogen (NOx) and are present in parts per million (ppm)
concentrations. These cannot be calculated and require careful
measurement. Incomplete combustion results in small amounts of
carbon monoxide (CO) and unburned hydrocarbons (UHC) being
present in the exhaust. These are together with oxides of nitrogen
(NOXx), considered as pollutants. Any sulphur in the fuel will result
in oxides of sulphur (SOx), but this is not common for natural gas.
Due to a large quantity of excess air, a considerable amount of
oxygen will also appear in the exhaust. Although the other
components (NOx, CO and UHC) represent a very small proportion
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of the exhaust, large flow of exhaust gases produces significant
quantities of pollutants in a year [5]. Gas turbines without any NOx
abatement technology usually have emissions in the range between
180 and 400 ppm, depending on type and load. On the other hand,
CO emissions are very low; often below 10 ppm.

Relative NOx emissions for diffusion combustors increase with an
increasing load, due to a rise in combustion temperature [6].

5. NOx Emissions Health Impacts

NOx is the primary pollutant of concern from gas turbines and is
most significant at high power conditions. NOx has in addition to
the ozone formation problem, has an adverse effects on human
health [24] through the NO2 proportion of the NOx in the gas turbine
exhaust. NO> reduces the lung function in humans and increases the
pumping rate of the heart due to the reduced oxygen flow. In
addition NOx interacts with moisture and ammonia in the air to form
small particles of nitric acid which cause certain respiratory diseases
such as emphysema and bronchitis and can trigger heart disease. The
formation of nitric acid also leads to acid rain which harms plant
growth in sensitive soils, such as in Scandinavian forests [7].

NOx also interacts with common organic compounds including
ozone to form toxic chemicals such as nitroarenes, nitrosamines and
nitric radicals which can cause biological mutations. Many studies
have shown that NOx can deplete the stratospheric ozone layer and
increase the penetration of solar ultraviolet radiation which
increases the risk of skin cancer [2,8,9 ].

6. NOx Formation Mechanisms
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NOXx emissions, with the term NOx expressing the combination of
NO and NO, . Nitric oxide (NO) is mostly formed in a combustion

process, with factors favourable to NOx formation being those of
high temperature, long residence time and high pressure. However,
NO, is formed by oxidation of NO by HO> in the reaction zone in

very fuel-lean conditions at low temperature, where a large amount
of excess air is also present. About 90 % of NOXx exiting the exhaust
stack is usually in the form of nitrogen monoxide at full load,
whereas 10 % is NO». At lower loads the ratio is reduced, which
means more NO> is produced. Nitric oxide can be produced by four
different mechanisms: thermal, nitrous oxide, prompt, and fuel
nitrogen[2, 8].

6.1 Thermal NO

At elevated temperatures, thermal NO is produced by the reaction
between nitrogen and oxygen in the air, and the significant rate can
be produced at temperatures above approximately 1850 K [2, 8].
However, the reaction is slow below this temperature, hence the key
of achieving ultra-low NOx. It is the most significant contributor to
overall NOx formation in conventional combustion systems. Thus,
thermal NO is mainly a function of the flame temperature which is
heavily dependent on the overall combustor equivalence ratio. The
combustor inlet temperature increases the flame temperature[8] an
increase to the inlet temperature of 100 K can lead to increasing the
flame temperature by about 50 K. The three principle reactions
controlling the production of thermal NOx were first recognised by
Zeldovich [2]. The reaction rate is very slow at temperatures below
1850 K.

0,-0,
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N, +O—=NO+N
N+O, -»NO+O
N+OH—NO+H

The first two reactions were first determined by Zeldovich and the

third reaction was added [12] to account for thermal NOx formation
in rich mixtures where atomic oxygen levels are low. Most modern
gas turbines operate leaner with firing temperatures below 1800 K
and so NOx should not be formed because NOx requires a higher
temperature. It was found that the contribution of the total NOx
emissions produced by a lean premixed combustor burning methane
fuel is 60% thermal NO at around 1900 K and around a 0.8
equivalence ratio, whereas it was 5% at 1500 K and ¢=0.6 using the
same fuel [2, 12].

6.2 Prompt NO

The prompt NOx is termed by Fennimore[13] and is produced very
early in the flame region by fast reactions in hydrocarbon flames,
and increased markedly as the combustion chamber becomes richer
[14]. It was found that prompt NO represents around 30% of the
total NOx emitted from gas turbines under normal operation
conditions [14]. It is not residence time-dependent as in thermal
NOx. Prompt NOx is more prevalent in rich flames, with its
mechanism involving a complex series of reactions, and the most
valid route accepted [15]. There are three routes of prompt NOx
formation shown by different researchers. The first Kinetic
formation of prompt NOXx is given by Fenimore [13] which involved
reaction between hydrocarbon and Na:

CH+N , >HCN+N
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(N) Formed NOx by thermal mechanism and HCN oxidises under
lean condition to form NO as shown in the equations[43].

N+O , »NO+O
HCN+OH—CN—CN+H, O
CN+0, >NO+CO

The reaction of N2 and O is another route to form prompt NO as
shown by Nicole et al [16], whereas Bozzelli et al [17]shown that
the reaction of N2 and H is also significant way to form Prompt NO.
At 1500 K and ¢=0.6 in lean premixed methane with air, 65%
prompt NO of the total NOx has been found compared with 30%
prompt NO at 1900 K and ¢=0.8 using the same fuel [2, 12].
However, in industrial gas turbines, thermal and prompt sources
dominate the NOx formation.

6.3 Fuel-Bound NOx

Fuel-bound NOx (FBN) can be produced by oxidation of nitrogen
in the fuel and can represent a considerable proportion of the total
fuel depending on the degree of nitrogen conversion. Most of the
fuels used in gas turbine combustion contain no fuel-bound nitrogen
and hence FBN can normally be ignored. Fuel oil or Diesel can
contain up to 400ppm of FBN but is more typically 100ppm.
Approximately 5ppm NOx at 15% Oxygen results from 100ppm
FBN for lean well mixed combustion. In lean combustion all the
FBN is converted to NOx. To reduce this conversion rich/lean
combustion is required with the rich zone well mixed and at an
equivalence ratio of ~1.6, where conversion of FBN into gaseous N>
is the preferred reaction and NO production is low [2,4].
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6.4 Nitrogen Dioxide (NO2)

Normally, NOx emissions are dominated by NO at base load, with
a fractional contribution of NO; at part load. However, nitrogen
dioxide is formed in the combustors by the oxidation of NO in low-
temperature regions of the flame where a large amount of air is
present as diluents [2, 12, 18]. NO: s a visible brown toxic gas with
a level around 15 ppm. It is more stable than NO and is the essential
intermediate for zone formation; this process will occur faster if
NO: is emitted directly, rather than occur after NO. NO2 is harmful
to humans and causes reduced lung functions, asthma attacks and
heart problems. Although nitrogen dioxide concentration is small
compared to NO concentration, it is considered the major source of
atmospheric pollutants. The mechanism of nitrogen dioxide begins
with the reaction of NO with HO,, OH, and O2[2, 12, 18].

HO, +NO—NO, +OH
0,+NO—NO, +ON
NO+OH— NO, +H

7. Important Factors Affecting NOx Emissions

NOx emissions from industrial gas turbines are limited to less than
25 ppm in most countries. Thermal is the most important
mechanisms of NOx formation in gas turbines and prompt NOX is
only important for lean mixtures where thermal NOx has been
eliminated . Thermal NOXx can be reduced if the primary zone is lean
and well mixed with temperatures below 1900 K. An effective way
to achieve low NOXx is by either decreasing the reaction temperature
as the equivalence ratio decreases. However, operating away from
stoichiometric could reduce NOx and increase both CO and UHC
formation. Introducing diluents into the combustion zone. CO is
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initially formed in large quantities in a flame and converts to CO2.
As blowout is approached, CO emissions climb rapidly because the
flame temperature is not high enough to convert it to CO2. At low
loads, CO concentration is high due to airflow through adjacent unlit
domes, which is caused by unburned air quenching the combustor.
Low Nox and CO emissions occur in a narrow band of flame
temperature, Optimum temperature range is usually between 1400
and 1600 °C(16) Residence time affects NOx formation slightly.
NOXx decreases in a linear fashion as residence time is reduced; an
increase in residence time, however, has a favorable effect on
reducing both CO and UHC emissions. This implies a larger
combustor cross-sectional area or volume [1].There are also several
other factors that have an impact on NOx formation. These include
the air and fuel compositions and temperatures, the fuel- air ratio,
burner and heater designs, furnace and flue gas temperatures, and
operational parameters of the combustion system.

8. Methods for Reducing NOx Emission

During combustion, NOx formed from two sources. NOx emissions
formed through the oxidation of fuel bound nitrogen are called fuel
NOx. NOx emissions formed through the oxidation of a portion of
the nitrogen contained in the combustion air are called thermal NOx
and are a function of combustion temperature. NOx production in a
gas turbine combustor occurs predominantly within the flame zone,
where localized high temperatures sustain the NOx- foffiling
reactions. The overall average gas temperature required to drive the
turbine is well below the flame temperature, but the flame region is
required to achieve stable combustion[1,2].

Nitrogen oxide control methods may be divided into two
categories: in-combustor NOx formation control and post-
combustion emission reduction. An in-combustor NOx formation
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control process reduces the quantity of NO x foffiled in the
combustion process. A post-combustion technology reduces the
NOx emissions in the flue gas stream after the NOx has been formed
in the combustion process. Both of these methods may be used alone
or in combination to achieve the various degrees of NOx emissions
required. There several techniques are being used to control NOx
emissions and the selection of the proper technology depends on
some criteria include: capital costs, installed capital costs,
operational and maintenance costs, costs of unavailability and
emission costs. The six different types of emission controls
reviewed as noted below.

8.1 In combustor type
A) Catalytic combustion

Catalytic combustion is a flameless combustion process that utilises
a catalyst to initiate chemical reactions in a premixed fuel-air
mixture. The temperature in the combustion chamber is lower than
in a conventional combustor, which makes it possible to avoid
formation of NOx emissions. A preburner is however required for
start-up and part load operation, and in this way undesired NOx
emissions are generated. Fuel is injected upstream of the reactor to
vaporise and mix with the inlet air. The mixture then flows into a
catalyst bed, which may consist of several stages, each made of a
different kind of catalyst. A portion of the fuel is combusted in the
catalyst itself. Fuel and oxygen react on the catalyst surface and
release the heat of combustion regardless of the fuel-air ratio in the
gas mixture. Remaining fuel is combusted downstream in a
homogeneous reaction, also at a temperature low enough to prevent
formation of significant amounts of NOx. In this zone, gas
temperature is raised to the required turbine inlet temperature, and
CO and UHC emissions are reduced to acceptable levels. The harsh
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environment in a gas turbine combustor and its wide range of
operating conditions pose challenges to implement catalytic
combustion [2]. At the moment, the technology is at a conceptual
stage with Xonon Cool Combustion as the only system that has
demonstrated ultralow NOx emissions. Kawasaki has one
commercial machine with power output of 1.5 MW operating with
a catalytic combustor [19].

B) WET Low emissions
NOx emissions from Combustion can be controlled by either water
or steam injection. This type of control injects water or steam into
the primary combustion zone with the fuel to reduce NOx formation
by reducing the peak flame tempemture. The degree of reduction in
NOXx formation is proportional to the amount of water injected into
the combustion turbine. Large amounts of water are required, and in
order to prevent corrosive deposits in the turbine, water must be
vaporization. It is found that increasing water-fuel ratio increases
both CO and UHC emissions, while continuously decreasing NOx.
Water is vaporize using high-pressure air taken off the eighth stage
air bleed. The high-pressure compressor inlet temperature is
lowered, which in turns lowers discharge temperature. Pressure ratio
is increased and additional air can be directed through the
compressor to increase the gas turbine output.
For reduction of NOx emissions, water is usually injected into the
combustor instead of the compressor inlet. One LM6000 or two
LM2500 water injected gas turbines would require approximately
3.9 tons of water per hour given a NOx emission level of 42 ppm
and to achieve 25 ppm, even more water must be injected[20]..
Another form of water injection is to inject it as vapor. A reason for
doing so is that steam already includes latent heat of vaporization
needed to evaporate the water. It is often easier to blend steam into
the combustion products, because liquid water must be injected
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through nozzles to disperse it uniformly with the combustion gases.
Maximum amount of steam that can be injected is usually between
8 and 10 % of the airflow into the compressor [21].
Since steam is injected downstream from the compressor, it does not
increase work required to drive the compressor. Impacts of steam
injection include increased pressure ratio and lower exhaust
temperature.

C) Dry Low emissions
In this type of technique, the combustors are designed to be leaner
to eliminate local regions of high temperature within the flame.
However, the majority of stationary gas turbines operate with a large
amount of access air, with some being derived to the dilution zone
to lower flame temperature beside combustion and cooling [1, 2]. In
this approach, air injected as diluents, instead of water or steam, and
low pollutant emissions are achieved, particularly NOx [20]. The
use of dry 10w-Ngx (DLN) burners as a way to reduce flame
temperature is one common NOx control method. These combustor
designs are called DLN burners because, when firing fuel, injecting
water into the combustion chamber is not necessary to achieve low
NOx emissions. Most industry gas turbine manufacturers today
have developed this type of lean premix combustion system as the
state of the art for NOx controls in combustion turbines. This
method is exclusively utilized when firing natural gas.

8.2 Post combustion type

A) Selective Catalytic Reduction SCR
Selective catalytic reduction (SCR) is a post-combustion method
used for a achieving low NOxX. In this process, vaporized ammonia
combines with NOXx in the presence of a catalyst within specific
temperature window to form nitrogen and water. The vaporized
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ammonia is injected into the combustion turbine exhaust gases prior
to passage through the catalyst bed. NOx and NH3 react on the
catalyst surface to form N2 and H2O. The important reactions are

[2]:

6 NO +4 NH3 — 5 N2+ 6 H20
2NO+4NH3+202—-3N2+6H0

The typical pressure drop in an SCR system lies between 70 and 100
mm H»O and representative temperature window is approximately
in the range between 230 and 450 °C with 85-90% reduction in NOx
emissions [1, 22].

There are some potential problems and challenges with SCR
techniques include:

1) Dirty exhaust streams may result in a plugged or fouled
catalyst especially when firing liquid fuels.

2) Transport and storage of ammonia is another concerns
regarding to Safety issue both before and after use.

3) Finding the proper location to inject the chemicals, injecting
the right amount, and getting proper mixing of chemicals
and the flue gas products.

4) There will always be a trade-off between NOXx reduction rate
and ammonia slip production.

5) SCR systems are not very tolerant of constantly changing
conditions, as a stable window of operation is required for
optimum efficiency.

B) Selective NON catalytic reduction SNcR

SNCR is in principle similar to SCR, but no catalyst is involved in
the process. It reduces NOx into nitrogen and water vapor by
reacting the flue gas with a reagent. The SNCR system is dependent
upon the reagent injector location and temperature to achieve proper
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reagent/flue gas mixing for maximum NOXx reduction. Usually, the
agent is ammonia, cyanuric acid or urea. SNCR systems require a
fairly narrow temperature range for reagent injection in order to
achieve a specific NOx reduction efficiency. The optimum
temperature range for injection of ammonia or urea is from 870 to
1200 °C with reductions of NOx (40-60%)[22, 24]. The NOx
reduction efficiency of an SNCR system decreases rapidly at
temperatures outside the optimum temperature window. Operation
below this temperature window results in excessive ammonia
emissions and operation above the temperature window results in
increased NOx emissions. Although use of SNCR decreases NOX,
it may increase other undesirable emissions such as CO, N.O and
NH3 and it is a proven technology for onshore applications
C) SCONOx

SCONOX is another method of post-combustion control. It is a
technology used for reducing NOx and CO from exhaust streams
without the need for ammonia. It uses a single catalyst of potassium
carbonate for control, simultaneously oxidizing CO and NO. NO; is
absorbed on the catalyst surface while CO2 exits up the stack. The
chemical reactions that occur are as follows [24]:

2CO0+02—2CO0O2

2 NO + 0,—2 NO2

2 NO2 + K2CO3 — CO2 + KNO2 + KNO3

Potassium nitrites and nitrates are present on the catalyst surface, so
the catalyst must be regenerated to maintain maximum NOX
absorption. The SCONOX reactor is a series of horizontal shelves in
a gas tight casing that wraps around the top, bottom, and sides of the
unit. Each shelf holds multiple layers of catalyst, and exhaust gases
flow through the catalyst from front to back. A typical system has
go ten or fifteen sections of catalyst, where four in a group of five is
absorbing while the last one is regenerated.
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The system optimum temperature is in the range between 230 and
370 °C, which makes it suitable for cogeneration plants and not for
simple cycle gas turbines. Catalyst blocks are often placed between
the high pressure and the low-pressure heat recovery steam
generators due to temperature requirement [24].

SCONOX gives the lowest emissions of NOx and CO for the three
post-combustion technologies presented. An LM2500 gas turbine
with steam injection has demonstrated emissions as low as 2 ppm
NOx without any use of ammonia [25, 26]. Its main drawback is
costs, and like the other post combustion technologies.

9. Conclusions

There are concerns regarding energy, environmental, and economic
impacts of the potential NOx emission control. There are several
technologies for reducing NOx emissions from gas turbines as
discussed earlier, and they all differ in maturity, emission reduction
level and operational impacts. Wet low emission control has been
used as NOx abatement technology for several years and is suitable
for onshore installations without space and weight restrictions,
however injection of water or steam increases CO emissions
significantly.

Catalytic combustion has achieved ultra-low emissions of both NOx
and CO on high loads, but this technology is not commercially
available for the selected gas turbines. It will probably take some
years to develop a catalyst that can operate at the desired
temperature range and has long enough lifetime. Offshore, dry low
emission control (DLE) is the only technology considered qualified.
This technique has been applied in order to reduce NOx emissions
up to 25ppm. After a troublesome start-up period, these gas turbines
now have reliability and availability levels equal to conventional gas
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turbines. At base load, thermal efficiency is somewhat lower, and
the difference increases as load is reduced.
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Abstract

As industry becomes increasingly capital intensive, and the relative

cost of assets increases, so does the importance of utilising and
maintaining these assets. This tendency is particularly true for
industries with continuous process. Here, both the economic, safety,
and the environmental consequences of equipment failure can be
enormous. The increasing complexity of the equipment also has a
profound influence on its productivity, maintenance and process
improvement. This Paper investigates the use of computer
simulation for evaluating the performance of Cement Production in
Libda cement factory in Libya and to investigate design
modification to enhance its productivity. The results indicate that
simulation could provide a useful tool for critical evaluation of
factories and to plan design and modification activities.

Key words: Total guality maintenance (TQM), Total predictive
maintenance (TPM), The National Cement Company (NCC),
Margeb cement factory (MCF) and Libdah cement factory (LCF),
key performance indicators (KPISs).
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1. Introduction
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TQM focuses on the quality of the product, while TPM focuses on
the equipment used to produce the products. By preventing
equipment break-down, improving the quality of the equipment and
by standardizing the equipment (results in less variance, so better
quality), the quality of the products increases. TQM and TPM can
both result in an increase of quality. However, the way of going
there is different. TPM can be seen as a way to help achieving the
goal of TQM.

Many organisations in the UK, Middle East and North Africa have
realised that there is significant savings to be made by managing
maintenance and design modifications in an effective way. Part of
the advantages are increased productivity and production uptime,
lower maintenance costs, decreased safety and environmental risks.

The National Cement Company (NCC) is one of the largest
companies in Libya and one of the largest producers in North Africa.
NCC is located in the North-west region of Libya. It has a cement
production target of 3,330,000 tonnes per annum. NCC also has
additional manufacturing facilities to produce gypsum, lime, factory
bags, factory block, marble, bums concrete plant and Cement mixes.
The company comprises four Cement factories: Alkhumes
(Margeb), Souq Alkames, Alkhumes (Libda) and Zeleten. The
cement produced from the four factories is for internal consumption
due to the fact that the total production is required for the
infrastructure of Libya. NCC produces cement according to specific
Libyan specifications, which are similar to those of British Portland
cement. It uses a dry process method in all factories. This cement is
used for many construction purposes, particularly for building
houses, bridges, roads, and ports.

The focus of this paper is on Libda factory which is designed for
1,000,000 Tonnes per annum ( Figure 1: Outline of the main stages
of cement production.). However, the production of the factory in
previous years fall below 700k Tons [1]. This is due to maintenance
issues in relation to some parts of the factory and the number of
working hours. In this study, the authors attempt to understand the
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complete behaviour and performance of the production system
using Simprocess simulation software in an attempt to optimise the
performance and evaluate resources.

Despite the company’s effort to introduce Total Productive
Maintenance and TQM other relevant strategies, there are still many
unknown general issues and parameters that should be addressed,
this includes the following:

The lack of a suitable model or framework to address the
particular situation in each factory.

The current technical and cultural problems within the factories
and the actual availability of their machines.

Lack of knowledge and information regarding skills and the
training requirements of their employees.

Evaluation of the effect of the factories on the environment.
The lack of a methodology for the decision making regarding
technical, maintenance and production issues.

The selection of key performance indicators (KPIs) that could
be used for developing and evaluating suitable maintenance
strategies.

Lack of information on the effect of each process on the overall
productivity of the factory.

This research work is part of the company’s effort to address some
of the above problems to improve productivity and maintenance
activities.
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Figure 1: Outline of the main stages of cement production.

2. Production of Cement in Libya

Figure 2 presents the main steps of cement production. The first step
in the Portland cement manufacturing process is obtaining raw
materials. Generally, raw materials consisting of combinations of
limestone, shells or chalk, and shale, clay, sand, or iron ore are
mined from a quarry near the plant. At the quarry, the raw materials
are reduced by primary and secondary crushers. Stones are first
reduced to about 125-mm in size, then to 19 mm. The materials are
dried and finely ground in a ” Raw Mill” to form an intermediate
product, called “raw mill”. The grinding provides an increased
surface area to enhance the heat exchange in the downstream
heating process. The “raw-mill” is then stored in a homogenising
silo in which the chemical variation is reduced. This homogenising
process is important to stabilise the downstream sintering process as
well as to provide a uniform quality product. The “raw-mill” is then
transferred to the Preheating Tower. As presented in Figure 1, the
kiln resembles a large horizontal pipe with a diameter of 3 to 4
meters and a length of 90 meters or more. One end is raised slightly.
The material is placed in the higher end and as the kiln rotates the
materials move slowly toward the lower end. Flame jets are
positioned at the lower end and all the materials in the kiln are
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heated to high temperatures. The material following the Kiln is
named ‘clinker’. The clinker burning process is a high temperature
process. Clinker is then cooled and combined with gypsum and
ground into a fine grey powder. The clinker is ground so fine that
nearly all of it passes through a (75 micron) sieve. Quantity with
controlled amount of gypsum is fed into a finish mill. Typically, a
finish mill is a horizontal steel tube filled with steel balls. As the
tube rotates, the steel balls are lifted, tumble and crush the clinker
into a super-fine powder. The particle size is controlled by a high
efficiency air separator. At the packing stage where the cement
under goes its last steps at the plant, there are two processes one of
the first bagging, and another for bulk despatch direct to the Lorries

3.

3. Productivity and the Need for Simulation

Due to the natural change in material type, the statistical nature of
the time needed for each process and probability of breakdown, it is
became important to use a suitable tool to model the factory in order
to understand the criticality of each stage and the most suitable tool
to improve it and address any major problems including identifying
bottle-necks within the production system. It has been found
difficult to study the complete cement production using
mathematical model due to the probabilistic nature of the problem.
In order to understand the current cement factory condition in Libya,
Simprocess software [2] has been implemented for process
mapping and to simulate workflow in every stage of the factory
including the transportation process. Simulation is important with
increasing of randomness and interdependencies between different
activities within the factory. Using simulation will allow the authors
to estimate the output of the complete factory, study the any
breakdown on the rest of the system and to evaluate the cost of
production and utilisation of resources. Figure 2 presents an
example of the implemented methodology to simulate part of the
system using Simprocess. The Kiln processes and storage has been
used as an example to present the innovation in this work. To speed
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the simulation processes the entity used through the system is
‘Truck’ capacity which is equivalent to 40 Tons. The entities will be
transformed through the systems from Lime-Stones to Raw-
Material, to Clinker and finally to Cement. When the entities
(Truck) go through each activity, a delay process will be activated
which is statistically modelled for each process based on the real
data and information within the factory. Every activity is assigned
to one or more resource to calculate the cost and the utilisation of
those resources. In this case, an accurate calculation is performed to
calculate the cost of the complete process. The software enable a
code writing facility to develop complex analysis and in this work
the authors have developed a special code to direct each entity using
‘Branch’ activity to continue through the production system or to
exit when the process is full/overloaded. In this case, the system will
allow very accurate measurement of the activities in order to be able
to estimate the capability of each system and to balance the lines as
needed. Figure 2 presents the Kiln and the Clinker storage system
simulation. As shown in Figure 3, it takes more than 15 hours for
the Kiln to reach steady state value when all processes have stopped.
Figure 3 presents the average quantity and the observed quantities
within the system and the blue lines is the actual flow of klin. Figure
4 presents the excessive quantities that are rejected from the system
which proves that the Kiln is actually a bottle neck within the factory
even with 100% availability. Figure 4 indicated that there are 70
trucks (2800 Tons) beyond the capacity of the Kiln in 5 hours
period.
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Figure 2: Simulation of the Kiln and the Clinker store activities.
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Figure 3: Simulation results of the Kiln
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Excessive Quantities Produced by the Previous Stages
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Figure 4: Excessive Production prior to the Kiln Stage which proves that
the Kiln is a bottle-neck in the process.

4. Conclusion

This paper has presented some of the problems facing the cement
production in Libya. In order to fully understand the complete
system within Libda’s factory, a simulation software has been
implemented. The results indicate that the Kiln is a bottle-neck
within the factory which limits the productivity. A decision has to
be made regarding the investment in a new parallel Kiln in order to
improve productivity. The feasibility of the investment will be
discussed in future publications. The results in this paper indicate
that simulation could be implemented in complex system to evaluate
the production environment in detail.
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Abstract

In this study, the effects of different gas pressures on the shape and
size of Al-12Si alloy powder produced by gas atomization method
are investigated experimentally. Experiments were carried out at the
Gas Atomization Unit, which was redesigned at Karabuk University
Faculty of Technology Department of Manufacturing Engineering.
Experiments were carried out at a stable temperature of 770 °C, ata
nozzle diameter of 2 mm and by applying 6 different gas pressures
(5-10-15-20-30-35 bar). Argon gas was used to atomize the melt. In
order to determine the size and shape of Al2Si powders produced,
scanning electron microscope (SEM) images and powder size
analysis were performed by screen analysis method. As a result of
the analysis, it was determined that the increase of the gas pressure
caused the powder size to decrease and the powder shape to change
from the ligament and the dripping structure to the spheroidal. It has
been observed that the thinnest powders produced are in the gas
pressure of 35 bar and the usually of the powders is complex.

Keywords: Gas atomization, Al-12Si alloy powder, nozzle, gas pressure

1.Introduction

Powder metallurgy was developed as an alternative method for
manufacturing methods like casting, forging, forming and
machining. Powder production made by powder metallurgy is done
by four different methods. These methods are; mechanical methods,
chemical methods, electrolysis method and atomization method.
Among those methods, gas atomization method is the most frequent
used process to obtain thin and spherical powders. Atomization is
defined as breaking apart of molten metal into miniscule fragments
made by high-pressured gases or mechanical methods[1,2].
Atomization process is divided into four different methods those are
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water atomization, gas atomization, centrifugal atomization and
vacuum atomization. However, the fact that %60 percent of metalic
and non-metalic powders are produced by this method, that makes
gas atomization superior over other methods. At the gas atomization
process, gases such as air, nitrogen, argon and helium can be used
to break up the liquid metal flow [3,4]. Powder production of every
material which can be molten is possible by gas atomisation process
[5,6].

Parameters such as type of gas, gas pressure, nozzle diameter and
melting point are useable for the metal powders produced by gas
atomization method. Due to the increase of gas pressure values,
temperature and viscosity of molten metal decreases which enables
the powder to be produced in smaller sizes [7,8].

The most important properties that define the ease of use of Al-
Si alloys in industrial applications are mechanical, corrosion and
pourable properties. All of those properties are determined by
chemical composition and microstructure of alloys [9].

In this study, AI-12Si alloy, which is used generally in the
automotive and aerospace industries and which is particularly
produced by means of casting, is produced by powder atomization
method. As seen on Figure 1., the eutectic point in the aluminum-
silicium phase diagram corresponds to 12.6% Si weight percentage.
Production of Al-12Si alloy , which is below the eutectic point, is
preferred in order to have high powder strenght and to form
dendritic powders.
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Figure 1. Al-Si phase diagram

2.Experimental studies

Experimental studies were carried out at the Gas Atomization
Unit at Manufacturing Engineering Department of Karabuk
University Technology Faculty. The Gas Atomization Unit, shown
in Figure 2, consists of five basic parts. These parts can be defined
as; 1.Melting furnace, 2.Atomization tower, 3.Nozzle, 4.Powder
collecting compartment, 5.Gas pressure ramp.
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Figure 2. Karabuk University Gas Atomization Unit

The melting furnace is manufactured to be able to heat up to
approximately 1200 °C. Gas inlet and outlet units are installed on
the sides of the furnace to prevent oxidation of the liquid metal and
the powders produced. The melting process was carried out in
graphite melting pot which locates inside the furnace. A graphite
plug was used to control the flow of molten metal in the melting pot.
For the powder production parameters, closely matched and circular
rounded nozzles are used. The nozzle is placed on a nozzle holder
inside the oven.

Atomization tower is made from stainless steel. The powders are
collected in the powder collection area at the bottom of the
atomization tower. There are two cyclones for the removal of the
gas from the atomisation tower and the retention of fine powders.
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During the atomization process, 3 tubes filled with argon gas were
connected to the gas ramp to prevent the gas pressure changing and
fluctuating. Melting process was carried out in the graphite melting
pot placed in the furnace. The temperature of the molten Al-12Si
alloy is measured by means of two thermocouples, which are
immersed in the graphite melting pot and located outside the pot.
Experiments were carried out at 770 ° C constant temperature, 2 mm
nozzle diameter and 6 different gas pressures (5, 10, 15, 20, 30 and
35 Bar). Argon gas is used as atomizing gas.

Powder production parameters are given in Table I. In addition to
the melting temperature and the diameter of the nozzle, the gas
pressure is also known to have an important influence on the size
and shape of powders at gas atomization technique. Production
parameters were selected for this purpose.

Tablel. Powder production Parameters

Gas Pressure | Melting Point Nozzle
(Bar) (°C) Diameter
(mm)
s1 7.5 8. 11.
14. 52 15. 10 9. 12.
16. S3 17. 15 10. 770 13.2
18. sS4 19. 20
20. S5 21. 30
22, S6 23. 35

Powder particle size distributions were made by sieve method which
is the easiest and most widely used analysis method. The size
analysis of the powders was done by vibratory sieve analyzer. The
sieve analyzer is given in Figure 3. The device can measure powder
sizes between 45-1000 um. The size of Al-12Si alloy powders was
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determined by using sieves in 8 hole sizes of 45 pm, 63 pm, 90 pum,
125 pm, 250 pm, 500 um, 710 pm and 1000 pm, respectively.

Figure 3. Sieve Analyzer

SEM images of the produced AIl-12Si alloy powders were
obtained from the Carl Zeiss Ultra Plus Gemini Fesem brand device
at the Karablk University Iron and Steel Institute Materials
Research and Development Center (MARGEM) Laboratory. The
particle size distribution of the powders was determined with the
sieve analyzer located in Engineering Manufacturing Engineering
Laboratory of Karablk University.

3.Experimental Results And Discussion

The weight percentages of Al-12Si powders produced by different
gas pressures are given in Table 2. It has been determined that the
proportion of small sized powders increases with the increase of the
gas pressure given in this table. It has been found that no powder is
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produced below 63 um at the 5 bar gas pressure and 2 mm nozzle
diameter given by the S1 code parameters and powders are generally
produced between 125 and 710 pm sizes. It is seen that no powders
are produced bigger than 500 um diameter with S6 code with the
parameters of 35 bar gas press and nozzle diameter of 2 mm, and
the most intense powders occur within the powders less than 45 um.
When these results are evaluated, it can be reported that the powder

size decreases by the increasing gas pressure.

Table 2. % weight proportion of AL-121 alloy powders

710 | 500 | 250 |-125+90 +96(; f; 45
+500 pm | 250 pm | +12S pm |  pm i i um
N 40,486 | 33,131 | 15,061 7,209 | 4,111 0 0
S2 10,264 | 36,435 | 33,837 | 11,019 | 5,506 | 1,778 1,157
S3 5,915 25,299 | 33,824 | 15,946 | 11,248 | 4,569 3,195
S4 2,516 15,277 34,17 20,01 | 16,494 | 5,984 5,546
S5 0 8,298 21,068 | 21,747 | 26,039 | 11,886 10,959
S6 0 5,592 15,176 | 16,275 | 21,592 19,008 22,355
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Frequency densities of Al-12Si powders produced with
different gas pressures related to powder size ranges are given in
Figure 4. Frequency densities are; % Weight values divided by sieve
interval value. The result is seen on Figure 4 that by increasing gas
pressure, the percentages of powders up to 125 um are increased and
the proportion of coarse powders increases after 125 um. Also; from
the SEM images of the powders produced in Figure 5, it is clearly
seen that the powder size has decreased due to the increase of the
gas pressure.

12 E@5bar B10bar @15bar ®@20bar @30bar  ©@35bar

Frequency Densities (% Weight / Sieve Interval)

Powder Size Rangee(um)

Figure 4. Frequency densities of Al-12Si powders that
produced with diffrent gas pressure values related to powder size ranges.
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The AI-12Si alloy powders produced are generally
ligamentous, droplet and spherical, as shown in Figure 5. It has been
observed that even though the shapes of the powders are
ligamentous and droplet under the low gas pressure, their shapes are
becoming spherical under the higher gas pressures. Oguz and
Oztirk [3,4] published similar results in their studies on
atomization. In addition, Klar et al. [10] studied the effects of gas
pressure and surface tension on the shape of the powder, and found
that the force acting on the globalization of a liquid droplet were
surface stresses.

In powder production studies, it was observed that small
particulate powders saturate on large particulate powders.
Fischmeister and his colleagues found that the saturation occurred
in the final stage when small particles of powder collided with large
powder particles that had not yet completed the solidification
process during atomization. [11th]. On the other hand, Clyne and
colleagues have emphasized in a similar study that the difference
between the solidification times of powders formed at large and
small sizes and the acceleration of different droplets at different
rates by the effect of atomization gas lead to the process of
saturation [12]. In Aller and Losada's work, they found that the
powder was formed by the partially coating by the droplet or
completely coating of droplet by the powder [13].
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Figure 5. SEM images of Al:.Si alloy powders . a 5 bars. b 10 bars. ¢ 15
bars. d 20 bars. e 30 bars. f 35 bars

Figure 6 shows that Al-12Si powders have dendritic and
cellular-dendritic microstructure in images taken at 15000
magnifications from the surface of powders produced at different
gas pressures by scanning electron microscopy (SEM). Looking at
the surface images, the dendritic image changed from spherical
dendritic to complex dendritic due to increased gas pressure. It is
also seen that the increase with the gas pressure the structure
becomes cellular dendritic. No information was found in the
literature in this regard. However, it has been directly determined
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that the increasing gas pressure changes the morphology of the
powder surface noticeably and that the surface morphology
influences the powder shape.

Figure 6. SEM images of Al..Si alloy powders
(x15000 magnification). a 5 bars .b 10 bars .c 15 bars. d 20 bars. e 30
bars. f 35 bars

4. Concluion
The following results were obtained for Al-12Si powder produced
by the gas atomization method.
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v" The powder production by the gas atomization method was
carried out in the Gas Atomization Unit, and powders with
different shapes and sizes were obtained. The smallest
powder size was obtained at a gas pressure of 35 bar.

v" It has been determined that the size of the powder is reduced
due to the increase of the gas pressure.

v' As the gas pressure increased, the size of the powder
decreased and the shape of the powder changed from the
ligament and the droplet structure to the global one.
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