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Extrinsic Factors Influencing Antibacterial Activities of Tapinanthus bangwensis Against Diarrhoeal
Causing Organsims

B.T. Thomas', H. L. Effedua®, G.C. Agu5 , 0.S. Musa, P.A. Akinduti®, O. Ejilude4, A. Oluwadun'

1. Department of Medical Microbiology and Parasitology, Olabisi Onabanjo University, Ago-Iwoye, Ogun
State, Nigeria.
2. Department of Medical Laboratory Science, School of Public Health, Babcock University, llishan-Remo,
Ogun State, Nigeria
3. Department of Veterinary Microbiology and Parasitology, University of Agriculture, Abeokuta, Ogun
State, Nigeria.
4. Department of Microbiology and Parasitology, Sacred Heart Hospital,Lantoro Abeokuta, Ogun State,
Nigeria.
5. Department of Microbiology, Olabisi Onabanjo University, Ago-Iwoye, Ogun State, Nigeria

ABSTRACT: Tapinanthus bangwensis is a parasitic plant with wide distribution and documented antimicrobial efficacies. Inconsistence
inits activities has however, been suggestively linked with some factors. Hence, this study was camied out to establish the effect of some
extrinsic factors on the antibacterial activities of 7. bangwensis against soime diarrhoeal causing bacteria. Antibacterial activity of 7. bangwensis,
oollected from some parts of Nigeriawas determined by standard agar-diffision method. Results from this study showed a significantly higher
zone of bacterial inhibition with chloroform extract when compared with ethanol and aqueous extracts (P<0.05). Higher antibacterial activities
was also observed with extracts obtained from air dried plants than those obtained from sun dried and oven dried plants (P<005). Steaming
method of extraction produced a significantly higher zone of bacterial inhibition than cold and hot methods of extraction (P<0.05). Percentage
weight yield of active crude compound s of 7. bangwensis was highest in chloroform (4.631.99%) than methanol (2.83+2.06%0) and water
(228+1.90%) (P<005). A significant positive correlation (r =-+091, P<0.05) was observed between percentage
weight yield and zone of antibacterial inhibition, exhibited by 7. bangwensis. Weight yield accounted for 70% of antibacterial
activities with a linear relationship of y = 3x + 5.6. Antibacterial activities of 7. bangwensis were however, not affected by its host plants and
varying concentrations of its crude extracts (P>0.05). Conclusion from this study has shown that solvents and methods of extraction such as
mode of plant drying and means of concentrating extracts as important and influential extrinsic factors that determines the antibacterial activities
of T bangwensis.

[B.T. Thomas, H. 1. Effedua, G.C. Agu, O.S.Musa, P.A. Akinduti, O. Ejilude, A. Oluwadun. Extrinsic
Factors Influencing Antibacterial Activities of Tapinanthus bangwensis Against Diarrhoeal Causing

Organsims. Academia Arena, 2012;4(2):1-4] (ISSN 1553-992X). http://www.sciencepub.net. 1
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1. Introduction

Tapinanthus bangwensis (order Santalales) belong to
the family of Loranthaceae and constitute the
largest group of parasitic plants which has about
950 species distributed in 77 genera(Engone and
Salle,2006). Lomnthaceae; including Tapinanthus
constitute a great deal of pestilence in the natural
forests, plantations, cultivated fiut trees and
omarrental plants; causing damages to the host plants(Sonke
et al,, 2000, Boussim et al., 2004). Tapinanthus bangwensis i
widely distributed inNigeria. The plant exists as xerophytes
on many host trees. Is leaves and young twigs have in the past
been used in folklore treatment of discases and sterility in
cow.Documentations have been made about the antimicrobial
efficacy of 7. bangwensis (Adegbolahun and Olukenni,2010)
but its activity tends to vary among investigators. Also, there
have been controversies over the hypothesis that the
antimicrobial efficacies of 7" bangwensis is host plant dependent
Hence, we have decided to investigate the impact of host plant
factor and other extrinsic factors on the antibacterial activities of 72

2. Materials and Methods
2.1. Collection of Plants
Fresh leaves and twigs of Tapinanthus

bangwensis were collected from Iseyin, Southern
part of Oyo State and Chagas vilage in Abuja,
Nigeria Theplants wereauthenticated by Dr A. E. Ayodele at the
department of Botany and Microbiology, University of Tbadan,
Nigeria and were designated T1 — T4 on the basis of the host
plants from which they were collected. T1 was fiom Triclisia
gilletii (De wild) stainer, T2 from Parkia biglobosa
(Jacq.) Benth, T3 fiom Cirus awrantjfolia (Christm.)
swingle and T4 from phyllanthus muellerianus.

2.2.Preparation of Plant Extracts

Fresh Leaves were divided into three groups. Group
one were air-dried, Group two were sun-dried and Group three
were oven-dried. After drying the leaves were shredded and
separately preserved in air-tight cellophane bags. The shredded
leaves were milled into powder. Cold extraction of the
plant was made by soaking 100g of powdered
plant into 400ml each of methanol, chloroform
and water respectively in flasks. The flasks were
manually agitated at intervals for 5 days. All
extracts were then filtered with whatman no 1
filter paper into flask. The filtrates were later
concentrated to dryness with the aid of a rotary
evaporator. The steam extraction was carried out
as described by Adeolu and Oladimeji(Adebolu
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and Oladimeji, 2005). The hot extraction
involves placing the leaves and twigs of T.
bangwensis in a pot and boiling for 30 minutes.
This was then allowed to cool and the leaves
were then squeezed to obtain the extract that was
later concentrated by rotary evaporator. The
yield of concentrates from the various extracts
was then calculated using the following formula:

Percentage weight yield (%0) =W,/ W;x100.
Where

'Wi=Weight of herbal powder before extraction.
‘W,=Weight of concentrate after extraction.

2.3.Statistical analysis

All data were analyzed by SPSS package
version 15. Comparison of mean zones of
inhibition were determined by ANOVA (Analysis
of Variance) while regression analysis was used to determine the
linearity between percentage weight yields (%) of plant and their
proportional antibacterial activities.

3. Results

The effect of host plants on the antibacterial activities of
T. bangwensis was determined in tablel. Although, the zones of
inhibition (mm) varieds with different  host plants, but the
difference was insignificant (F=1.06, P>0.05). In table 2, when
the mean of zones of inhibition of 7. bangwensis concentrates
fiom different solvents were compared, a significant difference
was observed (F=10.13, P<0.05), with highest antibacterial
activity being recorded with chloroform. Table 3 displayed
variousmean of zones of inhibition of 7. bangwensis extracts
processed by different methods of drying  Analyzed data
showed that extracts prepared from air-dried plants
of T bangwensis hads the highest zone of inhibition of
1350 + 350mm (F= 647, P<0.05). Comparison between
antibacterial activities among concentrates of 7. bangwensis
yielded by different extraction techniques was made in table 4.
The significantly higher zone of inhibition was observed with
steam (13.13+1.59mm) when compared with cold (9.58 +£0.68)
and hot(742 +0.85) methods of extraction (F=6.66, P<0.05).
When means of zone of inhibition of 7. bangwensis were
compared at different concentrations that rangeds from
50-200mg/m, no significant difference was observed (F=223,
P>0.05) intable 5. Comparison of percentage weight yields (%)
of cude 7. bangwensis concentrate regarding the type of
sohvents of extraction demonstrated that  the highest yield of
4.63+1.99% was with chloroform (F =448.17, P<005) (Table
6). A significant correlation (r =-+091, P<005) was dbserved
between the peroentage weight yields of 7. bangwensis and its
antibacterial activities, with a linear equation: y = 3x + 5.60.
Regression determinants showed that percentage weight yield
was accountable for 70% of the antibacterial activities (figure 1).

Table 1. Effect of host plant on the antibacterial
activity of Tapinanthus bangwensis
Zones of inhibition

Eost plants n Mean =+ SEM(mm)
Triclisia gilletii 10 8.43 £1.65
Parkia biglobosa 10 6.45 £1.94
Citrus aurantifolia 10 8.34 £2.63
Phyllanthus muellerianus 10 6.42 = 2.03

F=1.06,P>0.05.

Table 2. Effect of solvent of extraction on the
antibacterial activity of Tapinanthus bangwensis

Zones of inhibition

Solvents of extraction n Mean+SEM(mm)
Methanol 10 15.64 £1.20
Chloroform 10 19.00 £1.50
Water 10  11.20 £0.85

F=10.13, P<0.05.

Table 3. Effect of drying methods on the

antibacterial activity of Tt aeinanthus bangw_vensis

Zones of inhibition

Drying methods n  Mean £+ SEM (mm)

Air drying 10 13.50+3.50
Sun drying 10 8.88+2.03
Oven drying 10 9.00 +1.63

F=647,0<0.05.

Table 4. Effect of methods of extracion on the
antibacterial activity of Tapinanthus bangwensis

Methods of Zones of inhibition
extraction n Mean + SEM(mm)
Steam extraction 10 13.13 £1.59

Cold extraction 10 9.58 + 0.68

Hot extraction 10 7.42 +£0.85

F=6.66, P <0.05.

Table 5. Effect of concentrations  on the antibacterial
activity of Tapinanthus bangwensis

Zones of inhibition

Concentrations n Mean =+ SEM(mm)
100mg/ml 10 12.05+£2.06
150mg/ml 10 14.30 £ 1.99
200mg/ml 10 16.00 = 1.90
50mg/ml 10 19.50 £ 2.45

F=2.23,P>0.05

Table 6. Effect of Solvents on weight yield of the
active ingredients in Tapinanthus bangwensis

_ Solvents n Megn + SEM (mm)
Methanol 3 283+206
Chloroform 3 463+1.99
Water 3 228+1.90
F=448.17, P<0.05.
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Figure 1. Relationship between inhibitory activities and percentage weight yield of

active chloroform extract of 7. bangwensis.

4. Discussion

Result of this study have shown that the
antibacterial activities of 7. bangwensis were independent of
host plant factor. This observation supported the null hypothesis
which says that host plant does not influence the
antibacterial  activiies of 7  hangwensi.  The
significantly higher percentage yield of cude
concentrate of 7. bangwensis by chloroform in comparison with
other solvents demonstrated  higher extraction strength with
chloroform (P<0.05). Also, significantly the highest
antibacterial activity was found in the crude
chloroform extract which strongly suggests that
the active antibacterial compounds might be
organic and less polar in origin.

After processing of 7. bangwensis leaves by different
methods of drying, the highest antibacterial activity was observed
in air dried extract while less activity was observed
with oven-dried extract and least activity was
observed with sun dried extract (P<0.05). Lesser
antibacterial activity in sun dried extract may be
due to photochemical degradation of the active
compounds which in turn may result in structural
modification of functional groups required for
active antimicrobial activity(Adegbolahun and
Olukemi,2010). Also, lesser antibacterial activity
in ovendried extract indicated that the active antibacterial
compound of 7. bangwensis might be heatdabile. This
observation was similar to that of Olaniyi et al (2010),
Hamischfeger (2005) and Niggermann and Gruber(2003).
Furthermorethe  lesser antimicrobial activities in oven-dried
extract might also be linked with loss of volatile contents of 72
bangwensis such as phenols and essentials oils (Rajendran et al,
2007).

Steam method of extraction of 7. bangwensis has been shown to
produce bicactive compound with better antibacterial activities
than cold and hot methods of extraction (P<0.05). The weakest
antibacterial activity in concentrate of 7 bangwensis derived
from hot method of extraction flrther re-emphasize the volatile
nature of active antibacterial constituents of 7. bangwensis
while lower antibacterial activity in cold method
of extraction is a reflection of the decreased
solubility of active plant constituentat lower temperature
(SOT,2009). Comparison of the antibacterial activity of crude
chloroform extract of 7. barngwensis at concentrations such as 50,
100, 150, and 200mg/ml showed no significant difference
antibacterial activities almost at equal level at concentration range
of 50200mg/ml. Equilibrium of antibacterial activities between
the lesser and higher concentrations of 7. bangwensis
clearty shows that the antibecterial quality of the active
oconstituents of the plant is largely dependent on its molecular
weight and diffision rates through agar rather than its
ooncentration. Since higher zones of inhibition in agar diffusion
antibiotic susceptibility tests is an attribute of faster rates of drug
diffusion and low molecular weight, it can then be inferred that
the active antibacterial constituent of 7 bangwensis might be
among compounds with lower molecular weight.

In oconclusion, the outcome of this study has
demonstrated that antibacterial activities of concentrates fom 7.
bangwensis could be best enhanced by methods that include air-
drying and chloroform extraction of the plant via steaming,
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Study the Multipath Routing With Self-Healing Technique for Qos in MANET
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Abstract: In this paper we describe the multipath routing technique for mobile ad hoc networks. Because we know
that Mobile equipments having very powerful and large memory, megabytes of disk space are becoming quite
common today. And mobile technology is the best becoming technology for our life and generation. In this Network
connectivity options for use with mobile hosts have increased also, including support for growing number of
wireless networking product based on radio and infra-red. This type of mobile computing equipments has made the
possibilities to share the information between mobile users. Mobile users will meet under circumstances that are not
explicitly planned for and in which no connection to a standard network (Internet) is available. The solution to these
types of networking problem has come up in the form of mobile ad hoc network. And in this paper we discuss the
multipath routing with self healing technique for Qos in mobile ad hoc networks.

[R. K. Mishra, Vimal Kumar. Study the Multipath Routing With Self-Healing Technique for Qos in MANET.
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Introduction:

An ad hoc wireless network is a collection of
two or more devices equipped with wireless
communications and networking capability. Such
devices can communicate with another node that is
immediately within their radio range or one that is
outside their radio range. For the later scenario, and
intermediate node is used to rely of forward the
packet from the source towards the destination. An ad
hoc wireless network is self-organizing and adaptive.
This means that a formed network can be de-formed
on —the —fly without the need of any system
administration. The term “ad hoc” tends to imply
“can take different forms” and “can be mobile,
standalone or networked”. Ad hoc nodes or devices
should be able to detect the presence of other such
devices and to perform the necessary handshaking to
allow the sharing of information and services. !

A mobile ad hoc network is self-created and
self-organized by a set of mobile nodes called hosts.
The nodes are interconnected by single-hop or
multiple hop wireless connection, and each node may
serve as a packet level router for others nodes in the
same mobile ad hoc network. Ad hoc network is the
simplest form of wireless LAN which is a network of
a few nodes without any bridging or forwarding
capability.!"! All nodes are equal and may join or
leave at any time, and have equal right to the
medium. In fact, it’s very much like an Ethernet,
where we may add or remove node at discretion. This
is the king of radio network deployed in homes of
small offices. *!

Mobile ad hoc networks consist of wireless
hosts that communicate with each other in the

absence of a fixed infrastructure. Routes between two
hosts in MANET may consist of hops through other
hosts in the network. The task of finding and
maintaining routes in MANET is nontrivial since host
mobility causes frequent unpredictable changes. A
number of MANET protocols for achieving efficient
routing have been recently proposed. They differ in
The approach used for searching a new route and / or
modifying a known route, when hosts move. It is
assumed that each node is aware of the geographic
location of all others nodes in MANET of course, for
this to work all nodes must be able to see all the other
nodes of the network, to be able to establish
communication with them. When a node goes out or
range, it just looses connection with the rest of the ad
hoc network. The vision of mobile ad hoc networking
is to support robust and efficient operation mobile
wireless networks by incorporating routing
functionality into mobile nodes.

Though mobile ad hoc network are attractive,
they are more difficult to implement than fixed
networks. Fixed networks take advantage of their
static nature in two ways. First, they proactively
distribute network topology information among the
nodes, and each node pre- computes the routes
through that topology using relatively inexpensive
algorithms. Second, fixed networks embed routing
hints in node addresses because the complete
topology of a large network is too unwieldy to
process of distribute globally. Neither of these
techniques works well for networks with mobile
nodes because movement invalidates topology
information and permanent node addresses cannot
include dynamic location information. ©*!
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Routing of MANETS:

The knowledge of routing protocols of
MANETSs is important to understand the security
problems in MANETS. The routing protocols used in
MANETs are different from routing protocols of
traditional wired world. Some of the reasons are
listed below: !

1. Frequent Route updates.
2.  Mobility.
3. Limited transmission range.

The performance criteria of nodes in MANETSs
are different than that of wired networks. Some of the
performance Metrics of MANET routing protocols
are listed below: 1!

1. Energy consumption.
2. Route Stability despite mobility.

CHARACTERISTICS OF MOBILE AD HOC
NETWORK:

MANET has several salient characteristics that
have to be taken into account when considering their
design and deployment:

1. Dynamic Topologies: nodes are free to
move arbitrarily; thus the network topology
which is typically multi hop, may change
randomly and rapidly at unpredictable times,
and may consist of both bidirectional and
unidirectional links.

2. Bandwidth: constrained variable capacity
links: wireless links will continue to have
significantly lower capacity than their
hardwired counterparts. In addition, the
realized throughput of wireless
communications , after accounting for the
effects of multiple access, fading ,noise and
interference conditions , etc, is often much
less than a radio’s maximum transmission
rate. As the mobile network is often simply
an extensions of the fixed network
infrastructure mobile ad hoc users will
demand the similar services. These demands
will continue to increase as multimedia
computing and collaborative network
applications rise.

3. Energy-Constrained Operations: some or
all of the nodes in a MANET may rely on
batteries or other exhaustible means of their
energy for these nodes, the most important
system design criteria for optimization may
be energy conservation.

4. Limited Physical Security: mobile wireless

networks are generally more prone to
physical security threats than are fixed-cable
nets. The increased possibility of
eavesdropping, spoofing, and denial of
services attacks should be carefully
considered . existing link security techniques
are often applied with wireless network to
reduce the security threats. As a benefit, the
decentralized nature of network control in
MANETs provide additional the single
points of failure of more centralized
approaches.

It is obvious that the routing function is the at
most importance for the viability of an ad hoc
network. It is also a big challenge since all the
characteristics of the mobility and wireless channel
previously mentioned, must be , taken into account
when designing such protocols.

MULTIPATH ROUTING in MANETS:

To improve the reliability of the mobile ad
hoc network for the support of QoS demanding
applications, we propose a multipath routing
algorithm. 1!

The following assumptions are made for the
proper working of our protocol.

= Mobile ad hoc networks considered are of
small to medium size networks

= All links are bi-directional.

= Mobile nodes in ad-hoc networks cannot
move too fast to render QoS routing
impossible and thus the topology of the
network will not change significantly while
a packet is being transmitted.

= The transmission channel is treated as a pure
erasure channel.

Mobile and Wireless Applications are used in
these fields:
The following are the application area:
1. Military
2. Radar Technology
3. Aircrafts
4. Internet
5. Banking area
6. Health
7. Transportation
8. Education
9. Entertainment
10. Commercial
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Advantages and Disadvantages:

Mobile and wireless networks are
increasingly utilized at the edge of the Internet and in
localized LANs in place of wired connectivity. These
wireless nets, normally built with commercially
available wireless routers and network cards based on
the Institute of Electrical and Electronics Engineers
(IEEE) 802.11 series of standards collectively known

as Wi-Fi (wireless fidelity), allow greater flexibility
in deploying new nodes or redeploying existing ones
without having to acquire or adjust a large wired
infrastructure. However, the cost benefits and ease of
use associated with wireless networks come at the
price of limited bandwidth, limited range and
connectivity difficulties due to environmental factors,
and security concerns. ¥

Mobile Router with attached hosts
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Abstract: In this work, the surface of Austenitic Stainless steel AISI 304 was irradiated by Excimer laser 308nm at
constant power 6mJ and repetition rate 200Hz. The selected alloy was irradiated at different number of pulses ranges
from 2000 to 50000 Pulses. A significant change in the mechanical properties of AISI 304 is observed based on the
microstructure changes. Laser surface irradiation process is a very complicated process and is found to be affected
by the microstructure and chemical composition of the alloy. The mechanical properties such as Hardness and
reduced modulus of the austenitic stainless steel 304 were improved. Hardness and modulus were decreased with
both depth and load. The maximum improvement in nano-hardness and reduced modulus has been investigated in
the surface of the sample and rapid decrease in the mechanical properties has been recorded along the depth. Both of
quantitative and qualitative techniques were the main tools in results analyses.
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1. Introduction advantage over aluminum alloys and carbon steels of

Stainless steel as alternative to Conventional
types of alloys in building applications. In the recent
years a need has been developed in several countries
for a more comprehensive design specification for
cold-formed and hot-rolled stainless steel structural
members. Because of the limited life of carbon steel
in building and structures that are exposed to
moderately to highly aggressive atmospheres,
stainless steels, in spite of their higher cost, can be an
alternative to carbon steels " ¥ . The excellent
performance of the austenitic stainless steels in fire
conditions and during seismic events is a good reason
to introduce stainless steels as structural elements in
construction.  Attention being paid to crash-
worthiness, energy absorption is a key property of the
material used for structural parts. Stainless steels and
among them austenitic stainless steels have the

being highly strain rate sensitive. This means that the
faster the loading is applied, the more the material
resists deformation ©"¥. This is a particularly good
feature for crash worthiness as in all earthquakes the
loadings are applied very rapidly. Due to the good
energy absorption properties of stainless steel a
number of alternative ideas are being continuously
developed throughout the building materials 7.

2. Experimental Work

The alloys used through this work was
supplied by Sandvik Co, France in the form of sheets
of stainless steel AISI 304 commercial grade. Table
(1) show the chemical composition of the alloy used
in the current work. The samples were irradiated by
laser table (2) show the laser irradiation conditions of
the samples.

Table(1) Chemical composition of Austenitic stainless steel 304

Material C% Si% Mn% P% S% Cr% Mo% Ni%
Stainless steel 304 <0.07 1.0 2.0 0.045 0.03 16.5: 2.5: 11.0
Austenitic max max max max 18.5 3 14.0

Table (2) Laser Irradiation Conditions

Type Wavelength nm No of pulses Energy per pulse mJ Repetition rate (Hz)
Excimer UV 308.6 0,2000,5000,10250, 6 200
15000,50000

duration time=6nano second & total energy =energy per pulse*number of pulses
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Nano- measurements (Indentation data analysis)
Nanoindentation was used to determine film
hardness and elastic modulus using a Nanotest 600
instrument from Micro materials Ltd with a
Berkovich (three-sided pyramidal) diamond indenter.
The peak loads in the rage 1 — 140 mN were used,
with loading rate = unloading rate that were varied in
proportion to the peak loads starting at a value of
0.05 mN/s for the 1 indentations, while common
experimental conditions as initial (contact) load 0.05
mN and holding period at peak load 10 s were used
for all the measurements. The indentations were
repeated at least five times at each load on different
regions of the sample surface apart 100 pm. The
hardness and reduced modulus have been determined
from these indentation curves using a method
originally proposed by Oliver and Pharr, [W. C.
Oliver, G. M. Pharr, J. Mater. Res. 7 (1992) p. 1564],
which fits a power-law function to the unloading
curve. All nano- measurements has been done, the
Young’s modulus of the samples can be calculated
from the reduced modulus via the equation which
includes the effects of non-rigid indenters on the
load-displacement behavior:
1/Er = (1-vs*)/Es + (1-vi®)/Ei 6))
where Es and vs are, respectively, the Young’s
modulus and Poisson’s ratio for the specimen, Ei
(1141 Gpa) and vi (0.07) the corresponding indenter
quantities and Er the reduced modulus, Which has
been obtained by the initial slope of the unloading
curve®™®®.

Metallographic Examinations
The specimens were prepared for

examination first by grinding on different grades of
silicon carbide "SiC" papers coarse grinding followed
by fine grinding, finally polishing was conducted
with Alumina powder (3um) size. The details of the
microstructure were revealed after etching by
standard etching solution of the alloy selected. All
specimens had to be etched and polished several
times to obtain best results and to produce a uniform
level of sample examination!'". The surfaces of
the samples before and after laser irradiation were
examined using an Olympus optical microscope
Model BHM at selected magnification.
Quantitative Metallography Measurements

A quantitative analysis of the microstructures was
produced carried out over 4 fields across the surface
to indicate:
1. Average grain size number by linear intercept
technique.
2. Average grain diameters D, using number of
modules per unit area
3. Average intercept distance um
4. Area of average grain section mm”x 10°

5. Average number of grains per mm’ x10"°

6.  Nominal grains per mm’

7. Nominal grains per mm” at 100x

calculations were carried out in several areas in each
specimen investigated at 100X projected on a screen
measuring 500 mm®. The measurement is average of
over five readings at least for each condition. The
scattering value for each specimen was +1%. All
calculations were measured around a circle to
consider all directions 360°

3. Results and discussions
Nano-measurements of stainless steel 304
irradiation by Excimer Laser at 308nm

The nano-indentation measurements were
performed on the surface of the stainless steel 304
before laser irradiation in order to determine its
hardness and elastic properties. Figures (1) shows the
variation of hardness with maximum load for the
austenitic stainless steel 304 irradiated by Excimer
laser 308nm at 200Hz, 2.2mlJ, at different number of
pulses. The hardness decreased as the load increased,
maximum hardness is at the surface, the higher
number of pulses, the higher the hardness at
maximum load of 20mN. Figure (2) shows the
variation of hardness with Maximum depth for the
austenitic stainless steel 304 irradiated by Excimer
laser 308nm at 200Hz, 2.2mJ at different number of
pulses. The higher number of pulses the higher the
hardness at an indentation depth of about 350nm.
Figure (3) shows the variation of reduced modulus
with load for the austenitic stainless steel 304
irradiated by Excimer laser 308nm, 200Hz, 2.2mJ, at
different number of pulses. The change in reduced
modulus is less pronounced than variation in
hardness at the same range of number of pulses. The
gradual decrease in modulus is at maximum load
10mN. Figure (4) shows the variation of reduced
modulus with maximum depth for the austenitic
stainless steel 304 irradiated at the same conditions.
The variation of reduced modulus is significant only
at an indentation depth of 400nm. The variation in
hardness and reduced modulus with maximum loads
and depth respectively, covering the loading range 1
— 200 mN. The sample shows a decrease in the
hardness and in the reduced modulus as the
indentation load increases; probably the higher
hardness near to the surface represents a change in
the mechanical properties of the near surface region
due to previous spontaneous oxidation of the sample
or work hardening due to polishing. Samples with
similar preparation conditions have been irradiated
by Excimer laser 308nm, 200Hz and 6mJ at 2000,
5000 and 50000 pulses respectively. The hardness
value decreased on the surface due to stress relief,
which occurs due to laser irradiation. Laser



Academia Arena, 2012:4(2)

http://www.sciencepub.net

irradiation effect has been limited to the surface of
the sample. This was followed by the value dropped
within the range of 0 to 500 nm to the hardness value
of the base metal. 2 Gpa. Laser effect was not enough

to produce any significant effect on yielding of the
material so the reduced modulus almost unchanged
with both depth and load.
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Fig (1) The variation of hardness with maximum load for the austenitic stainless steel 304 irradiated by
Excimer laser 308nm, 200Hz, 2.2mJ, at different number of pulses.
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Excimer laser 308nm,200Hz, 2.2mJ, at different number of pulses
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Fig (3) The variation of reduced modulus with load for the austenitic stainless steel304 irradiated by Excimer
laser 308nm, 200Hz, 2.2mJ, at different number of pulses.
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Quantitative analysis of stainless steel 304

The variation in mechanical properties
such as hardness and modulus was related to the
variation in microstructure changes as a function of
laser irradiation conditions. Table (4) shows the
variation of Grain size, average diameter of the grain,
average intercept distance and average number of
grains per unit area and unit volume. Quantitative
analysis gives us the size, distribution and shape of
the microstructure. Fig (5) and Fig (6) show the
variation in grain size number and average diameter
of the grain with number of pulses respectively. By
comparing these figures with hardness-number of
pulses curve and Modulus-number of pulses curve
the following features appeared:-
* There was good agreement between variations that
occurred in the microstructure and the variation in
mechanical properties
* Microstructure changed due to laser irradiation.
* All transformations in our study range in solid state

Pulse laser treatment in normal atmosphere
is an attractive technique that differs from usual

coating methods. A new very thin layer with different
microstructure and different mechanical
characteristics will be formed on the alloy surface.
The laser interaction is the basis for an effective
treatment. To induce the chemical-physical reaction
with the atmospheric environment high power, short
pulse lasers are used.

When comparing these techniques with
common surface treatment methods, for instance in
the laser nitriding process ", the depth of nitriding
is about 400nm for the iron and stainless steel after
256 pulses. Many aspects of Excimer laser nitriding
in iron and steels like the influence of laser fluence
and gas pressure, the phase formation and thermal
stability *) and the mass transport mechanism®"®
make the nitriding process very complicated and less
economic.

Other irradiation techniques have many
disadvantages over the Gamma radiation doses
extended up to more than I Mrad which the samples
started to change its color to the brown-black
indicated the carbonization or burning .

Table ) Owmntitative amlysis for stainkss seel 504 innadiated by Excimer

Laser 308nmn, 200Hz, 6m

Micro-grain size | Before 2000 15000puke | 50000

IeAsmeInents nradiation pulse & Pulse
& 5000 10250

ASTM @iam  size | & 9 8.3 8

munber

Average diameter of | 22 16 20 22

giai pImn

Average intercept | 20 14.1 177 20

distance pm

Area of average gram | 504 225 400 504

section 1om x 1076

Average nmuwber of | 0.0707 0.2 0.1000 0.0707

orains per mnd x10°6

Nominal grain 1950 44410 2500 1950

per nn’

Nominal grain per | 123 256-287 161.3 1238

mardat 100x
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The qualitative analysis of stainless steel 304

A wide range of microstructure variations
can be obtained as a result of variation in number of
laser pulses. Fig (7) shows the variation in
microstructure of stainless steel 304 irradiated by
Excimer laser 308nm at different number of pulses
2000, 5000, 10250, 15000 and 50000 respectively.
The microstructure was compatible with the
quantitative analysis mentioned in the above section;

13

laser irradiation leads to change in grain size. At
lower number of pulses, grain size number increases
and average diameter of the grains decreases (grain
refinement). When the number of pulses increased
over 10250 pulses, grain growth happened, which is
the main reason for the decrease in mechanical
properties at higher number of pulses over 10250. Fig
(7) shows the variation in microstructure of stainless
steel 304 irradiated by Excimer laser 193nm



Academia Arena, 2012:4(2)

http://www.sciencepub.net

on the microstructure of austenitic stainless steel 304. (a) Untreated

(d)

Fig (7) The Effect of Excimer Laser irradiation at 308nm, 6mJ, 200Hz at 300 x Different Number of Pulses

(b)2000pulses  (c)S000pulses

(D)15000pulses (e)S0000pulses

4. Conclusions

Based on the experimental results observed
in this work, the following conclusions may be
drawn:
1) The optimized experimental conditions to obtain
improvement in the mechanical properties for
austenitic stainless steel AISI 304 during laser
irradiation in our study range can be summarized as
Excimer laser at 308nm, 200Hz, 6mj and 5000pulses.
2) Laser irradiation of austenitic stainless steel is
recommended for building elements to improve
mechanical properties and enhance surface finish.

14

3) A significant change in the mechanical properties
of the selected alloy is based on the microstructure
changes.

4) Laser surface irradiation process is a very
complicated process and is found to be affected by
the microstructure and chemical composition of the
alloys.

5) The mechanical properties such as hardness,
modulus of the austenitic stainless steel were
improved at the surface of the samples. Hardness and
modulus were decreased with both depth and load
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Abstract: In these work, the effect of laser parameters such as wavelengths, number of pulses and energy per pulse
were studied. The effect of number of pulses were studied in the range from 0 to 15000 at constant wavelength, the
effect of energy per pulse was investigated at 3.5mJ and 6mJ. The commercial grade of polished stainless steel AISI
304 was considered as the base material in current study. Ultra violet excimer lasers at 193nm and 308nm were
studied, Infra red lasers 1064nm was also tested. The superficial hardness and modulus were evaluated at different
lasers parameters selected in these work to determine the optimum conditions. The total absorbed energy was
calculated at all test conditions and compared with measured values. The optimum conditions to improve the

mechanical properties at minimum energy were mentioned.

[Hebatalrahman,A. The Effect of Laser Parameters on The Surface Characteristic of Irradiated Stainless
Steel 304. Academia Arena, 2012;4(2):16-25] (ISSN 1553-992X). http://www.sciencepub.net.4

Keywords: Surface treatment, stainless steel alloys, Laser applications, mechanical properties

1. Introduction

The use of stainless steel in building
applications is not a new idea; the use of what we
now know as austenitic steel can be traced back to at
least the 1930”. Stainless steel is about 70% iron ).
It is special because of the presence of chromium
element in the alloy. This element plays a key role in
the corrosion resistance of stainless steel, but getting
it into the steel is the tricky part ®”®. This means that
the chromium atoms are an integral part of the
structure of the steel ©*®. We describe the structure
as a 'substitutional solid solution' - the chromium
atoms simply substitute for iron atoms in the crystal
structure. (This is opposed to the impurities in
stainless steel - carbon and nitrogen - which are in
'interstitial solution' - where they fit in between the
iron atoms). How much chromium is the next
important Over the years, materials engineers have
determined that at least 12% (by weight) of
chromium is necessary to make stainless steel. This
created some new problems; however, this
composition had low ductility (the ability of a metal
to be permanently stretched by plastic deformation)
and toughness (resistance of the material to growth of
a crack). These qualities were the result of the crystal
structure of the material. Most iron-chromium alloys,
like iron, are body-centered-cubic configuration. This
crystal orientation prevented good forming and
flexibility 7.

The most common stainless steel is
"AISI304" austenitic stainless steel. The "18-8"
means that it contains 18% by weight chromium and
8% by weight nickel. This composition has the face-
centered cubic crystal structure (FCC). It is almost
always ductile, readily drawn into wire @',

16

Stainless steel is increasingly being sought
out for structural applications. Engineers and
architects are particularly drawn to the competitive
life-cycle cost, potentially high strength, high
corrosion resistance and aesthetically pleasing
finishes of the material. Evidence of growing
industry demands are seen daily in applications like
plane and three-dimensional trusses, mullions in
facade structures, canopies, roof sheeting, silos,
portal framed overhead wiring structures (for railway
services), and general construction in chemical,
marine and other corrosive environments" ",

The materials were chosen primarily for the
resistance to corrosion that they could provide in
what was considered to be a harsh service
environment. There are many other examples of the
use of stainless steels in the construction industry, on
both a small and large scale. However, most of the
common examples of the use of stainless steel as a
primary structural engineering material have been in
buildings or as critical components in structures as
opposed to the widespread use as structural
engineering materials in their own right '*.

Many designers and client bodies are more
open to the use of stainless steel. The drivers for this
apparent change in attitude do not appear to be
clearly defined but include:

* An increased awareness of the future burden of
using materials that is not inherently durable in the
service environment .

* An increase in desire to reduce or eliminate the
need for maintenance (both planned and unplanned)
that can arise with accepted structural materials.
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* In some applications it is now perceived as
politically undesirable to produce structures that are
not inherently durable.

These factors do not necessarily provide an
“open door” for the use of stainless steel as a
structural material as there will be competition from
other materials; however; this change in attitude does
provide a climate in which stainless steels may be
considered more favorably than in the past"**'”. The
problem of durability with conventional construction
materials in relation to bridges but could be applied
equally to other building, architecture and structures
and the possible scope for increasing replacement of

Table (1) Data for Excimer Laser (rare gas halide)

these materials with various types of stainless
steel 20D

2. Experimental work

Laser Surface Irradiation

The irradiation is done on one side of the sample and
covers all the surface area of the sample. The main
goal of this work is optimize condition for laser
irradiation of the samples by Excimer laser at 193nm
and 308nm Table (1) shows data for used rare gas
halide Excimer laser.

Gas type A (nm) r(A) o (Cm™) 6 (Cm®) 7 (ns)
ArF 193 2.2 - 12 4.2
XeCl 308 2.9 194 50 11

A = transition wavelength

r(A) = equilibrium inter-nuclear separation

o = fundamental vibration frequency of the excited state

c = stimulated emission cross section

T = radiative life time (pulse duration)

The number of pulses and the effect of
energy per pulse on the hardness were recorded to
indicate the energy required (fluence) to improve the
mechanical properties. Beam in the shape of a
rectangle with width (w=4mm) and length (I=10mm)

Table (2) Laser Irradiation Conditions

was used in the laser process the power density
ranges from (0.75 W/Cm”* to 0.1 W/Cm?) without any
focusing. The laser irradiation condition is listed in
Table (2)

Type Wavelength nm No of pulses Energy per pulse mJ Repetition rate
(Hz)
Excimer UV 308.6 0,2000,5000,10250, 6 200
15000,50000
Excimer UV 193 0,2000,5000,10250, 6 200
15000,50000
Nd-YAG IR 1064 5000 1.9:2.2 10
duration time=6nano second & total energy =energy per pulse*number of pulses
Superficial Hardness C =Vv"/2E,A") (1)

The hardness of the specimens were measured by
using Superficial Rockwell hardness tester with ball
diameter 1/16" at load 30Kg. Each hardness value is
at least an average of 5 readings and they are good to
+ 4%,

Elastic modulus

To obtain the elastic modulus, the unloading
portion of the depth-load curve is analyzed according
to a relation, which depends on the contact area:

17

where C is the contact compliance and E, is the
reduced modulus defined by

1/E, = (A-v)/Es + A-v)/E;  (2)
where v, the Poisson's ratio for the sample, v;, the
Poisson's ratio for the indenter (0.07), E, the Young's
modulus for the sample and E;, the Young's modulus
for the indenter (1141 GPa).

3. Results and discussions
The effect of both number of pulses and energy
have been investigated in order to select the best
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irradiation conditions and the alloy potential for wavelength of 193nm Excimer laser and constant
producing improvement in mechanical properties energy ratings 6mlJ/pulse for austenitic stainless steel
304.

Effect of Number of Pulses
Table (3) shows the effect of the number of
pulses on the superficial hardness at constant

6

50

44

34

20

10

Hardness Superficial HRC

0 2000 4000 6000 8000 10000 12000 14000 16000

Number of pulses

Fig(1) The Variation of Superficial Hardness HRC with Number of Pulses for Stainless Steel 304 Irradiated
by Excimer Lasers at,193nm,3.5mJ,200Hz.

Table (3) the superficial hardness as a function of the number of pulses for austenitic stainless steel 304

Number of pulses 0 1000 5000 10250 15000

Hardness 36.4 24.6 533 45.3 10.9

18
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As shown in Figure (1) the hardness
decreases gradually with the increasing number of
laser pulses, after about 1000 pulses the hardness was
increased gradually with the increase in number of
pulses. Significant improvement in hardness was
recorded around 5000 pulses. Rapid decrease in
hardness was recorded at 10250 pulses, which
continued with increasing in the number of pulses.

Effect of Laser energy
In order to study the effect of laser energy,

different energy values were investigated

(3.5mJ/pulse & 6mJ/pulse) at constant wavelength of
193nm and constant number of pulses of 5000pulses.
Table (4) shows the superficial hardness of the
austenitic stainless steel 304 at different power rating.

Figure (2) shows the significant
improvement in the hardness at 3.5mJ/pulse. At
6mlJ/pulse, the hardness was decreased and became
less than that of the base metal before laser
irradiation. Accordingly, a power value of
3.5mJ/pulse was selected for the work conducted
throughout the research.

Table (4) Effect of Power changes on superficial hardness for stainless steel 304 at constant number of pulses

of 5000 and 193nm.

Energy/pulse mJ 0

3.5 6

Hardness 36.4

533 13.9

Effect of Laser Wavelength

Nd-YAG is one of the most commonly used
laser types in Egypt, stainless steel 304 was irradiated
with the fundamental beam 1064nm to show the
effect of IR irradiation on the superficial hardness.
The number of pulses was 5000 pulse, Table (5)
shows the average hardness values of the measured
specimens with scattering less than + 2%.

Table (5) Effect of laser irradiation by Nd-YAG
1064nm on superficial hardness for stainless steel
304,5000pulse,2mJ/pulse

Conditions Hardness
Untreated 30
Treated part 45.1

Figure (3) shows superficial hardness of
stainless steel 304 before and after laser irradiation
with Nd-YAG 1064nm and Excimer laser 193nm &
308nm respectively.

From the above results, Ultraviolet laser
irradiation of stainless steel 304 is better. Excimer
laser produces improvement in the hardness about
66.5%. The improvement in hardness was higher than
the improvement with IR laser (50%) for the same
number of pulses 5000 and same energy 6mlJ/pulse.
The phenomena occur because the energy of the
Excimer laser is higher than that of the Nd-YAG
laser. Excimer laser has low wavelength and higher
frequency while Nd-YAG laser has higher
wavelength and lower frequency.

From the pilot study mentioned above, the
austenitic  stainless steel produces promising
improvement in hardness when irradiated by UV
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lasers. The depth of penetration and reduced modulus
should be measured for this type of steels to identify
the laser irradiation effect on the mechanical
properties.

The effect of laser types on the mechanical
properties

The variation of hardness at maximum load
with number of pulses at 308nm and 193nm Excimer
laser irradiation was shown in Fig (4). The hardness
value at 2000 is very close to the non irradiated
samples. Improvement in the hardness was
significant only at pulses between 5000 and 15000.
When the number of pulses increased the hardness
value decreased due to sample burning. Fig (5) shows
the variation of Modulus at maximum load with
number of pulses, the value of modulus increased
until 2000 pulses, the modulus value almost remained
constant between 2000 and 15000 pulses. The
decreasing rate in modulus after 15000 pulses was
very slow. The effect of the number of laser pulses
on the hardness and modulus when stainless steel 304
was irradiated at 193nm. The maximum improvement
in hardness was shifted to about 2000 pulse and
another peak appears near 15000 pulses. The beam
energy at 193nm pulses is larger than the beam
energy at 308nm. According to the energy equations
and principles"?"?. low wavelengths means higher
frequency and higher amount of energy absorbed.

Laser irradiation works as method of
hardening and softening at the same time. The initial
microstructure of the irradiated alloy (the room
temperature microstructure) plays the significant role
in that case. The decrease in hardness of stainless
steel after laser irradiation is due to the formation of
higher energy phases but these phases have lower
hardness.
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Fig(4)The variation of Hardness at Max Load with Number of Pulses for
stainless steel 304 irradiated with Excimer Laser at 200Hz,6mJ
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Fig(5) The variation of Modulus at Max Load with Number of Pulses for
stainless steel 304 irradiated with Excimer Laser at 200Hz,6mJ
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When comparing these figures with the
similar graphs at laser wavelength 308nm. The
samples show a decrease in the hardness and in the
reduced modulus as the indentation load increases;
probably the higher hardness near to the surface. The
effect of laser irradiation at 193nm was more
pronounced than at 308nm. The UV laser has less
wavelength and higher frequency so more energy has
been resulting from UV light for the same power and
number of pulses. High power rating produces higher
improvement in the properties at the same laser
wavelength and number of pulses.

The effect of laser energy (calculated)

Figure (6) shows the variation of energy

absorbed versus the increase in number of pulses at
energy per pulse 6mJ and 3.5mJ respectively. When
the number of pulses increases, the absorbed energy
increases. At 6mJ, the amount of total energy at the
same number of pulses was increased. At low value
of energy per pulse 3.5mJ, the amount of absorbed
energy at the same number of pulses was low. The
gap between the two values at 6mJ and 3.5mJ
increases linearly with the increase in number of
pulses.
* At 5000 pulses total energy at 6mJ equals 2500mJ
and total energy at 3.5mJ equals 2000mJ. At 15000
pulses total energy at 6mJ equals 10000mJ and total
energy at 3.5mJequals 7000mJ. At 50000 pulses total
energy at 6mJ equals 30000mJ and total energy at
3.5m]J equals 15000mJ.

There are many reasons for the disagreement
between the current work and some published results
-9 The beam-metal interaction and in the case
where the fluence is high enough to rise the surface
temperature instantaneous and reflectivity changed.
This effect is quite complex, the laser rays dissipated,

350000

thus reducing the effective energy really impinging
on the target. The thermal effect due to collision
between lasers and atoms inside the structure when
taken into account in the total energy balance, it tend
to reduce the efficiency of heating and melting (i.e.
the amount of heat able to form and propagate
microstructure changes) ; accordingly, it affects the
amount of heat actually absorbed inside the material.

The ultra violet laser is a clean source of
high energy density. Surface irradiation processes
involve non equilibrium phenomena due to high
heating and cooling rates induced by the laser
irradiation. The inherent rapid cooling due to high
thermal conductivity of steel makes lasers very
attractive since the irradiated parts contain various
microstructures with metastable and stable phases,
fine grain, minimum segregation, and extended solid
solutions which improve the mechanical and
metallurgical properties of the irradiated parts.

The amount of heat used for irradiation
along the depth is considered to be proportional to the
input heat flux along the direction of that unit depth.
This assumption is based on the fact that in the
absence of conduction loss, the amount of irradiated
material, that is the amount of heat used for
irradiation increases as the input heat flux increases
and vice-verse. So the amount of heat used for
irradiation can be expressed as a function of
temperature and physical parameters such as thermal
conductivity, density and specific heat.

The suitability of Laplace transformation
analytical model was investigated by comparing
simulations to experimental measurements of pulsed
laser heating. The data is from laser irradiation of
stainless steel 304 designed to evaluate the validity of
the classical thermal diffusion model on a
microsecond time scale.

300000 -
—e— E=3.5mJ
—m— E=6mJ

250000 -

200000 +

150000

Energy (mJ)

emJ
100000 -+

50000 -

3.5mJ

Number of Pulses

fig(6) )The variation of Temperature with Number of Pulses for Steel irradiated by Excimer Laser 308nm,
200Hz at different values of energy per pulse



Academia Arena, 2012:4(2)

http://www.sciencepub.net

Conclusions

1.The maximum improvement in superficial
hardness were achieved at 5000 pulses.

2.More improvement in mechanical properties
were recorded with ultra violet lasers 193nm and
308nm because they are high energy lasers.

3. The increase in the energy per pulse increase the
total energy absorbed which have significant
influence in the mechanical properties.

4.There are good agreement between the calculated
and measured value of the absorbed energy at
different number of pulses and different energy
per pulse.

5.The total energy calculated is higher than the
actual energy used in phase transition due to
losses resulting from reflectivity, surface
roughness and scattering due to interaction with
atoms inside the structure.

6.Higher energy phases were formed when the
total energy absorbed increased but sometimes in
the case study considered in these work higher
energy phases with low hardness values.
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Abstract: This paper introduces a new analytical solution to predict transient temperature distributions in a finite
thickness plate during laser surface hardening. This analytical solution was obtained by solving a transient one-
dimensional heat conduction equation with convection boundary conditions at the surfaces of the work piece. To
calculate the temperature field analytically in laser surface hardening processes, laser beam absorptivity was
evaluated as one of the most important parameters, the laser and materials parameres were determined. It was
extremely difficult to find an accurate value for laser beam absorbtion rate. Therefore, in this paper, absorptivities
were determined theoretically under various hardening conditions, including variations in hardened thickness beside
variation in surface and subsurface temperature.Owing to the simplicity of the solution method, the analytical model
developed may be easily implemented for simulation work for analysis and prediction of laser surface hardening
processes under various hardening conditions.

[Hebatalrahman,A. Analytical Solution to Predict Transient Temperature Distributions during Laser Surface
Hardening. Academia Arena, 2012;4(2):26-36] (ISSN 1553-992X). http://www.sciencepub.net. 5

Keywords: laser hardening, model, temeperature, energy distributiin.

1. Introduction solutions which improve the mechanical and
Heat transfer is energy in transit, which metallurgical properties of the irradiated parts" %,
occurs as a result of a temperature gradient or The amount of heat used for irradiation
difference. This temperature difference is the driving along the depth is considered to be proportional to the
force that causes heat to flow. Heat transfer occurs by input heat flux along the direction of that unit depth
conduction during laser irradiation of metals and % This assumption is based on the fact that in the
alloys. Conduction of heat in solids is thought to be absence of conduction loss, the amount of irradiated
due to motion of free electrons?, lattice waves, material, that is the amount of heat used for
magnetic excitations, and electromagnetic radiation. irradiation increases as the input heat flux increases
The motion of free electrons occurs only in and vice-verse. Therefore, the amount of heat used
substances that are considered to be good electrical for irradiation can be expressed as function of
conductors. The theory is that heat can be transported temperature and physical parameters such as thermal
by electrons, which are free to move through the conductivity, density and specific heat 7%,
lattice structure of the conductor, in the same way
that electricity is conducted *®. This is usually the 2. Theoretical Investigation of the problem
case for metals. The molecular energy of vibration in Analytical model for the computation of
a substance is transmitted between adjacent temperature and heat flux distribution in a semi-
molecules or atoms from a region of high to low infinite solid when subjected to spatially decaying,
temperature™®. instantaneous laser source is investigated. The
In 2000 the using of UV light in material appropriate dimensionless parameters are identified.
processing is studies by H.Endert and others, the The reduced temperature and heat flux as a function
effect of new ultraviolet lasers upon the material of these parameters are presented in mathematical
surfaces produce color and properties change which formula. Temperature and energy are presented as a
may be explained in terms of microstructure function of different laser parameters*".
changes"®, Mathematical model gives us description for
The ultra violet laser is a clean source of the material behavior specifically the values that can
high energy density . Surface irradiation processes not be measured. Stainless steel 304 has been chosen
involve non equilibrium phenomena due to high as an example for characterizing laser irradiation of
heating and cooling rates induced by the laser the alloys“”"**  The reflection was about 85%,
irradiation. The inherent rapid cooling due to high and scattering was about 4% . The reflectivity of
thermal conductivity of steel makes lasers very stainless steel is nearly constant in the range from
attractive since the irradiated parts contain various 300K to 1800K “® @7 which is the case in this
microstructures with metastable and stable phases, investigation. Fig (1) shows Schematic representation
fine grain, minimum segregation, and extended solid of Steps of the analytical solution.
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The analytical solution of the heat equation
includes phases transition for pure metals in the
solid state.
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The heat equation in one dimension includes phase
transition
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List of symbols

Symbol Unit Definition

Q joule J Energy

I W/m® irradiance

Z mm Distance

P watt W Laser power

T kelvin K Temperature

t Sec s Time

p Kg/m3 Density

A Absorptivity

a cm’ Area

p g/m’ Density

n Efficiency

Cp J/kg.K Heat capacity

D cm?/sec Thermal diffusivity

I, Jem? Energy released by laser source

K W/em.K Thermal conductivity

P watt Laser power

q Jem® rate of heat generated per
unit volume

r cm The beam radius

S Laplace transform variable

T Temperature

t sec Time

X cm Spatial variable

Z mm Distance

n Absorption
coefficient
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steps of the amalytical solton

State therrral conduction eqluaticln for phase transition

Define the thertral mefficient at the transition conditinn
urder study az a function o ftemperature

Define phase transition at the terrpemture range under
consideration

State the boundary condition equations

|
Definethe Coefficiertas a function oftermperature

(7et the Laphce transform ofthe problem

molve the equations by using new conditions

Gt the inwerse Laphce transform and pit soluition in

the firml form

Fig (1) Schematic representation of Steps of the analytical solution

3. Results & discussions
Heating & phase transformation stages

The process of heating begins by absorbing
the laser energy and converted it into heat. This heat
source is considered as laser beam irradiation. The
absorbed energy heats up the surface layer and the
heat propagates into the metal by conduction. The
heating of a semi-infinite insulated rod of Steel
sample was done by laser radiation of intensity 150
W/em?®.Energy per pulse was 6mJ and the total
energy was 30J at 5000 pulses and Fluence
0.75J/cm’. The problem is analyzed in one dimension
using the heat transfer differential equation. The
boundary conditions include the heat flux at one end
and room temperature of 300K at the other end. The
initial condition of the sample is the room
temperature at 300K. The sample is semi-infinite.
There is a sensible temperature variation at the
interaction zone.

The problem is solved by the analytical
solution method described before by Laplace
transformation method. Figure (2) shows the
variation of temperature with time at position (50um)
in the metal sample during laser irradiation. The
temperature increases with increasing time and the
rate of increase depends on the distance from the
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surface. The steps of temperature rise at different
times (5 ps, 10 ps, and 15us) with laser irradiation are
shown in Figure (3). At all times during the laser
irradiation process the surface temperature is higher
than the substructure temperature and the temperature
gradient is continuous until inside of the samples
reach room temperature. The curves show the
different stages of the heating process. Figure (4)
shows the temperature distribution versus depth
inside the metal after phase transition. The
temperature at the surface reaches the phase transition
1183K (910°C —y formation) after 20us. Phase
transformation process is a function of temperature,
so all corresponding processes such as hardening and
softening is a function of temperature. Every phase
has formation energy. The energy of formation is a
function of temperature. Temperature rises due to
laser irradiation. The alloy absorbs photons of light at
specified power and number of pulses, then the alloy
reaches the energy of phase transition at critical
temperature of phase transformation. Theoretical
model explains the physical phenomena of phase
transition which is considered as the main reason for
hardening or softening resulting from laser
interaction with the surface of the alloys .
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Comparing results with published

When comparing the experimental results
with the mathematical model the increase in total
laser energy leads to increase in the Gibbs’s free
energy absorbed and rise in the temperature of the
alloys, this may produce suitable conditions for the
formation of more energy phases. Figure (5) shows
the variation of the irradiated depth with time when
the sample irradiated by 308nm excimer laser.
Irradiated depth increases exponentially with
irradiation time. The increase in irradiation time
increases the amount of absorbed energy, the energy
absorbed can penetrate extra depth. Some literature
109 (13 observed several thermally induced effects
when an intense laser radiation is incident upon a
surface. A possible explanation for this phenomenon
was given that the point of maximum temperature
before the phase change occurs at the exposed surface
lies inside the body because of the heat loss to the
surroundings.  The  phenomena  investigated
analytically by calculating the temperature profile in
a semi-infinite body with an exponentially decaying
source and convective boundary condition. The
position of the maximum temperature is a strong
function of the physical parameters.

Fig (6) shows the variation of irradiated
depth versus number of pulses. The irradiated depth
increases linear as the number of pulses increase. At
50000 pulses the irradiated depth expected was
25um. The irradiated depth at low number of pulses
from 2000 to 15000 pulses was limited to less than
10um. In the experimental results, the irradiated
depth was less than the calculated depth. The
irradiated depth measured in experimental work was

limited to 200nm at all number of pulses. The
deviation between experimental results and
theoretical results was for the following reasons:
1-Error in experimental measurements
2- The mathematical model neglected the scattering
of laser beam between atoms  distribution inside the
alloy (only consider surface scattering).
3-Degree of surface finish was calculated by
theoretical model
4-Experimental method based on
approximation to calculate irradiated depth.
The deviation between experimental work and
the theoretical model was in the acceptable range
recommended in the literature.

Fig (7) and Fig (8) show the variation of
temperature versus energy in the range from 0 to
50000 pulses at the energy per pulse was 3.5mJ and
6mJ respectively. The amount of total energy at
50000 was 170000mJ when the energy per pulse was
3.5mJ and at 6mJ was 290000mJ. When the energy
per pulse increased, the total energy absorbed also
increased at the same number of pulses.

The effect of number of pulses

Fig (9) shows the variation of temperature
with number of pulses. The temperature rises linear
with increase in the number of pulses in the range
from 0 to 15000 pulses. At a high number of pulses
more than 20000 pulses, the temperature was
changed exponentially with an increase in the number
of pulses. According to the theoretical results the
temperature reach to 1800K (melting point) when the
number of pulses more than 50000pulses, which is
the critical point in our study range that deal with
transformation in solid state only.
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Fig (5) The Variation of The Irradiated Depth with Time for Steel irradiated by Excimer Laser at
308nm,200Hz,6mJ
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Fig (6) The Variation of irradiated Depth with Number of Laser Pulses For Steel Alloys
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Fig( 9 The Variation of Temperature with Number of Laser Pulses For Steel Alloys
Irradiated by Excimer Laser 308nm,200Hz,6mJ

Fig (10) shows the variation of temperature
versus irradiated depth. The increase in irradiated
depth occurred as result of the increase in
temperature of the sample surfaces. The increase in
the surface temperature means the increase in the
total amount of energy absorbed due to increase in
number of pulses at constant repetition rate,
wavelength and energy per pulse. Fig (11) shows the
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temperature variation with the rate of laser interaction
with the alloy (velocity of interaction) as shown in
the figure in solid state before melting point at
1800K. The rate of laser interaction was constant.
When the temperature was more than 1800K (liquid
state) the rate of interaction was linear and increased
gradually with temperature rises.
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Comparing theoretical & experimental results shows that both theoretical and experimental results
Fig (12) shows the relation between have the same trend.
temperature and measured depth for stainless steel There are some deviation in values between
304. Comparing these curves with Figure (10), it theoretical study and experimental work due to error

in the experimental work and precaution of the model
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explained before. The results in literature concur with
our results "> ' The experiments in the literature
use steel 45 and the relation between temperature and
depth have the same trend. The deviation between
experimental results and different methods of

2000

theoretical investigation was about + 6% to +20% 8.
G Our results were in the same range of deviation
17% approximately.
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Fig (12) The variation of Temperature with Depth for Stainless Steel 304 irradiated by
excimer Laser 308nm,6mJ,200Hz at Different Number of Pulses

The above theoretical results show those at all
times during laser irradiation process the surface
temperature is higher than the substructure
temperature and the temperature gradient is
continuous to the room temperature ©. When
comparing the experimental results with the
published thermo-mechanical mathematical model,
the increase in total laser energy leads to an increase
in the Gibbs’s free energy absorbed. The absorbed
energy causes increasing in the temperature of the
alloys; this may produce suitable conditions for the
formation of high energy phases '”’. Under the action
of external force resulting from the laser photon
energy, the external force resulting from laser
photons leads to the interaction of dislocations which
form dislocation pile up of various degrees of
stability and mobility. Frank —read source is also
formed >""Y. The light photons of energy go through
the surface and absorbed into the metal causing the
atoms to move around their position and some atoms
may be moved inside the structure"?. The photon
energy is transformed into kinetic energy and causes
some change in the arrangement of atoms inside the
structure; this disturbance causes the improvement in
the properties due to redistribution of atoms and some
hard phases may appear. The improvement in

34

mechanical properties as a result of laser irradiation
occurred O,

Pulse laser treatment in normal atmosphere is
an attractive technique that differs from usual coating
methods, is a new, very thin layer with different
microstructure and different mechanical
characteristics will be formed on the alloy
surface! "7, The laser interaction is the basis for an
effective treatment. To induce the chemical-physical
reaction with the atmospheric environment high
power, short pulse lasers are used '®. These results
agree well with published results (”U? In
experiments study the laser processing of grey cast
iron the longer the interaction time, the deeper is the
melt zone. Current results agree well with published
results '© U2 They prove that, the depth of the
transformed zone increased with increasing
interaction time at a laser power of 0.5KW 7.

Literatures recorded systematic discrepancies
between the experimental results and the numerical
computation . The disagreement increases at high
power, in other words, when the amount of absorbed
energy increases. The surface absorptive varies with
surface temperature thus; with laser beam power (the
maximum surface temperature will be greater with a
large laser beam power) *+'¥),
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4. Conclusions

Phase transformation process is a function of

temperature, so all corresponding processes such as
hardening and softening is a function of temperature.
Every phase has formation energy. The energy of
formation is a function of temperature. Temperature
rises due to laser irradiation. The alloy absorbs
photons of light at specified power and number of
pulses, and then the alloy reaches the energy of phase

transition at critical temperature of phase
transformation.
1. The temperature was changed exponentially with

2.

an increase in the number of pulses

The deviation between experimental results and
different methods of theoretical investigation
were about + 6% to +20% > "9, Our results
were in the same range of deviation 17%
approximately

The thermal effect due to collision between
lasers and atoms inside the structure; when taken
into account in the total energy balance, it tends
to reduce the efficiency of heating and phase
transitions which mean transformation in solid
state (i.e. the amount of heat able to form
propagate microstructure changes) ; accordingly,
it affect the amount of heat actually absorbed
inside the material.

Disagreement between the current experimental
work and some published theoretical studies
@09 have many reasons. The beam-metal
interaction, and in the case where the fluence is
high enough to rise the surface, temperature
instantaneous and reflectivity changed, this effect
is quite complex: the laser rays dissipated, thus
reducing the effective energy really impinging on
the target .

References

1.

V. Craciun, D. Craciun, N. Chitica, 1. N.
Mihailescu, L. C. Nistor, Al. Popa, V. S.
Teodorescu, 1. Ursu, G. Leggieri, A. Luches,
M. Martino, A. V. Kuzmichev, V. 1. Konov, A.
M. Prokhorov: Direct Synthesis Of TiSi, By A
Laser Thermal Self-Aligned Process Journal of
Physics D 25 (1992) 1500-1503

V. Craciun, I. N. Mihailescu, L. C. Nistor, V. S.
Teodorescu, G. Leggieri, A. Luches, M.
Martino, A. V. Drigo: Direct Laser Synthesis
Of  Thin Silicon And  Germanium
Nitride/Oxynitride Layers,. Nuclear
Instruments and Methods In Physical Research
B65 (1992) 115-118

V. Bohac, E. D’Anna, G. Leggieri, S. Luby, A.
Luches, E. Majkova, M. Martino: Tungsten

35

10.

11.

12.

13.

Silicide Formation By Xecl Excimer Laser
Irradiation Of W/Si Samples, Applied Physics
AS56, (1993) 391-396

S. Luby, E. Majkova, V. Daniska, A. Luches,
M. Martino, A. Perrone: Synthesis Of Tungsten
Silicide By Pulsed Laser Irradiation Of
Sputtered Alloy Layers, Thin Solid Films, 229
(1993) 24-28

S. Luby, E. Majkova, V. Daniska, R. , A.
Luches, E. D’Anna, A. Luches, M. Martino:
Pulsed Excimer Laser Induced Reactions At
The Tungsten-Silicon Interface,.
Multicomponent And Multilayered Thin Films
For Advanced Microtechnologies O. Auciello
And J. Engelmann Eds (1993) 543-549

E. D’Anna, S. Luby, E. Majkova, A. Luches,
M. Martino: Processing Of W/Si And Si/W
Bilayers And Multilayers With Single And
Multiple Excimer Laser Pulses, Applied
Physics A56 (1993) 429-436.

S. Luby, E. Majkova, E. D’Anna, A. Luches,
M. Martino, A. Tufano, G. Majni: Tungsten
Silicide Formation By Multipulse Excimer
Laser Irradiation, Applied Surface Science 69
(1993) 345-349

I. N. Mihailescu, N. Chitica, V. S. Teodorescu,
M. L. De Giorgi, G. Leggieri, M. Martino, A.
Perrone, B. Dubreuil: Excimer Laser Reactive
Ablation: An Efficient Approach For The
Deposition Of High Quality TiN Films, Journal
of Vacuum Science and Technology A 11(5)
(1993) 2577-2582

E. D’Anna, M. L. De Giorgi, S. Luby, A.
Luches, E. Majkova, M. Martino: Excimer
(XeCl) Laser Processing Of W/Si Bilayers And
Multilayers Up To Si Melting Threshold, Thin
Solid Films 228 (1993) 145-148

E. D’Anna, G. Leggieri, M. Martino, A.
Luches, A. Perrone, G. Majni, P. Mengucci, 1.
N. Mihailescu: Laser Reactive Ablation
Deposition Of Titanium Nitride And Carbide
Films, Laser Materials Processing and
Machining SPIE 2246 (1994) 96-106

A. Luches, G. Leggieri, M. Martino, A.
Perrone, G. Majni, P. Mengucci, 1. N.
Mihailescu: ~ Laser  Reactive  Ablation
Deposition Of Nitride Films Applied Surface
Science 79/80 (1994) 244-249.

E. D’Anna, G. Leggieri, A. Luches, M.
Martino, S. Luby, E. Majkova, G. Majni:
Synthesis Of Tungsten Silicide By Multipulse
Laser Irradiation Of W/Si Samples In Vacuum,
Vuoto XXIII(2) (1994) 79-83

I. N. Mihailescu, N. Chitica, A. Lita, V. S.
Teodorescu, A. Luches, G. Leggieri, M.
Martino, G. Majni, P. Mengucci: Simultaneous



Academia Arena, 2012:4 (2)

http://www.sciencepub.net

14.

15.

16.

17.

18.

19.

20.

21.

Formation Of Titanium Silicide In One-Step
Process In Heterogeneous Phase During
Multipulse Laser Treatment Of A Si Wafer
With A Thin Ti Coating In Superatmopheric
N,, Thin Solid Films 251 (1994) 23-29

E. D’Anna, M. L. De Giorgi, G. Leggieri, M.
Martino, A. Luches, G. Majni, P. Mengucci, L.
N. Mihailescu: Laser Reactive Ablation Of
Thin Nitride Films Journal de Physique IV 4-
C4 (1994) C4-51 - C4-54

M. L. De Giorgi, G. Leggieri, A. Luches, M.
Martino, A. Perrone, I. N. Mihailescu, V. S.
Teodorescu, P. Mengucci: Deposition Of TiN
Films On Si Wafers By Excimer Laser
Ablation Of Titanium In Low Pressure
Nitrogen Atmosphere, Vuoto XXIII(3) (1994)
81-84

M. L. De Giorgi, G. Leggieri, M. Martino, A.
Luches, A. Perrone, G. Majni, P. Mengucci, L.
N. Mihailescu, J. Zemek: Laser Reactive
Ablation Deposition Of Silicon Nitride Films,
Applied Physics A (60) (1995) 275-283

E. D’Anna, G. Leggieri, M. Martino, A.
Luches, A. Perrone, G. Majni, P. Mengucci, R.
Alexandrescu, I. N. Mihailescu, J. Zemek:
Excimer Laser Reactive Ablation Deposition
Of Silicon Nitride Films, Applied Surface
Science 86 (1995) 170-174

G. Leggieri, A. Luches, M. Martino, A.
Perrone, G. Majni, P. Mengucci, I. N.
Mihailescu: Laser  Reactive  Ablation
Deposition Of Titanium Carbide Films, Thin
Solid Films 258 (1995) 40-45

A. Luches, G. Leggieri M. Martino, G. Majni,
P. Mengucci: Titanium Carbide Film
Deposition By Reactive Laser Ablation,
Surface Modification Technologies VIII T. S.
Sudarshan And M. Jeadin Eds. , The Institute
Of Materials (1995) 415-419

S. Luby, E. Majkova, M. Jergel, E. D’Anna, G.
Leggieri, A. Luches, M. Martino, J. Valicek:
Intermixing In Immiscible Molybdenum
Copper Multilayered Metallization Under
Excimer Laser Irradiation, Acta Physics
Slovaca 45(4), (1995) 507-518

E. D’Anna, A. Luches, M. Martino, M. Jergel
S. Luby, E. Majkova, 1. Vavra: Influence Of

11/21/2011

36

22.

23.

24,

25.

26.

27.

Temperature Time And Depth Profiles On The
Pulsed XeCl Laser Crystallization Of
Evaporated Silicon Films, Journal Of Non-
Crystalline Solids 192&193 (1995) 513-518

I. N. Mihailescu, A. Lita, R. Teodorescu, V. S.
Teodorescu, A. Luches, M. Martino, A.
Barborica: Synthesis And Deposition Of
Silicon Nitride Films In Low Pressure
Ammonia: A Parametric Study. Journal of
Vacuum Science and Technology A 14(4)
(1996) 1986-1994

M. Dinescu, N. Chitica, V. S. Teodorescu, A.
Lita, A. Luches, M. Martino, A. Perrone, M.
Gartner: Laser Reactive Ablation: One Step
Procedure For The Synthesis And Deposition
Of Compound Thin Films. ‘Laser Processing:
Surface Treatment And Film Deposition J.
Mazumder et al. (Eds) Kluwer Academic
Publishers (1996) 809-821

S. Luby, M. Jergel, E. Majkova, E. D’Anna, A.
Luches, M. Martino, M. Brunel, 1. Vavra:
Pulsed Excimer Laser Crystallization Of
Evaporated Amorphous Silicon Films, Physics
Status Solidi (a) 154 (1996) 647-656

I. N. Mihailescu, E. Gyorgy, M. Popescu, S.
Csutak, G. Marin, I. Ursu, A. Luches, M.
Martino, A. Perrone, J. Hermann: Laser
Ablation In A Reactive Atmosphere:
Application To The Synthesis And Deposition
Of Performance Titanium Carbide Thin Films,
Optical Engineering 35(6) (1996) 1652-1655

I. N. Mihailescu, N. Chitica, E. Gyorgy, V. S.
Teodorescu, G. Marin, A. Luches, M. Martino,
A. Perrone, J. Neamtu: A Parametric Study Of
The Deposition Of The TiN Thin Films By
Laser Reactive Ablation Of Titanium Targets
In Nitrogen: The Role Of The Total Gas
Pressure And The Contaminations With
Oxides, Journal of Material Science 31 (1996)
2909-2915

V. S Teodorescu, I. N. Mihailescu, E. Gyorgy,
A. Luches, M. Martino, L. C. Nistor, J. Van
Landuyt, J. Hermann: The Study Of Crater
Forming On The Surface Of A Ti Target
Submitted To Multipulse Excimer Laser
Irradiation Under Low Pressure N,, Journal of
Modern Optics 43(9) (1996) 1773-1784



Academia Arena, 2012:4(2) http://www.sciencepub.net

Unsupervised CBIR by Combining Color, Shape (Features with a Threshold) and Lossless Gray
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Abstract: Content-based image retrieval (CBIR) uses the visual features of an image such as color, shape
and texture to represent and index the image. In a typical content based image retrieval system, a set of
images sorted by similarities of their visual features with that of the query image are returned in response to
a query. CLUE is a popular CBIR technique that retrieves images by clustering. In this paper, we propose
a CBIR system that also retrieves images by clustering just like CLUE. But, the proposed system combines
the color and shapes features with a threshold and lossless gray image compression for the purpose. The
combination of the colored shape features and compression provides a robust feature set for image
retrieval. We evaluated the performance of the proposed system using images from COREL database and
compared its performance with that of the other two existing CBIR systems namely UFM and CLUE.
Experimentally, we find that the proposed system outperforms the other two existing systems.

[Raj Kumar Mishra. Rajni Singh. Unsupervised CBIR by Combining Color, Shape (Features with a
Threshold) and Lossless Gray Image Compression. Academia Arena, 2012;4(2):37-41] (ISSN 1553-
992X). http://www.sciencepub.net.

Keywords: Content based image retrieval, image classification, unsupervised learning, spectral graph
clustering, lossless gray image compression.

1 INTRODUCTION Generally speaking, content-based image retrieval
The creation of the World Wide Web (in (CBIR) aims at developing techniques that
short, WWW) has enabled users to access data in support effective searching and browsing of large
a variant of media formats. This served as a image digital libraries on the basis of
stimulus for organizations having large image automatically derived image features [1].
collections to convert their collections to digital Unsupervised learning is applied to the class
formats. The number of digital images on the of problems, where one seeks to determine how
WWW is estimated to be more than hundred of the data are organized. Here, the system discerns
millions. This creates a need for development of the objects under consideration in different
novel techniques for efficient storage and retrieval categories on the basis of some similarity
of images. measures. The objects that are similar to each
Content-based image retrieval (CBIR, in other are put in one group (also called a cluster)
short) uses the visual contents of an image such as and the objects that are dissimilar are put into
color, shape and texture to represent and index the different clusters. CLUE, cluster-based retrieval
image. In a typical content-based image retrieval of images by unsupervised learning, proposed by
system (see Figure 1), the visual contents of the Chen et al.. [17, 18] is an example of CBIR
images in the database are extracted and technique based on unsupervised learning.
described by multi-dimensional feature vectors. In this paper, we propose a CBIR system that is
The feature vectors of the images in the database also based on unsupervised learning and
form a feature database. To retrieve images, users combines the color and shape features with a
provide the retrieval system with example images threshold to compute the similarity of the query
or sketched figures. The similarities/distances image with the images in the database.
between the feature vectors of the query example This paper is organized as follows. In the
or sketch and those of the images in the database next section, we discuss the background and
are then calculated and retrieval is performed with related work. In Section 3, we discuss the details
the aid of an indexing scheme. The indexing of unsupervised content based image retrieval and
scheme provides an efficient way to search the present the architecture of our proposed CBIR
image database for images similar to the query system. In section 4, we present our experimental
images in order to return the relevant images. results. Finally, we conclude in section 5.
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Figure 1. A Content Based Image Retrieval
System

2 BACKGROUNDS AND RELATED WORK

In the past fifteen years, many general-
purpose image retrieval systems have been
developed. Some of these are QBIC System [8],
Photobook System [9], Blobworld System [10],
Virage System [11], VisualSEEK and WebSEEK
Systems [12], the PicHunter System [13], NeTra
System [14], MARS System [15], and
SIMPLIcity Systems [16].

Existing CBIR systems can be grouped into
two major categories: full-image retrieval system
and region-based image retrieval system. Some of
the existing CBIR systems may also belong to the
both categories. Most of the existing CBIR
systems are region-based systems because region-
based systems are better than full-image retrieval
systems.

In a CBIR system, to search images by their
content, two things have to be done [23].

1. The image has to be re-encoded into
some mathematical form and stored in a
database.

2. There should be a mechanism to
compare these mathematical forms.

Re-encoding is needed because an image is a
collection of pixels with no meaning by itself.
There is a gap between the visual information
conveyed by the image and the way it is encoded.
The process of re-encoding the image into a
mathematical form suitable for comparison
purpose is called feature extraction.

Features can also be grouped as low-level
and high-level features. Low-level features are
features that can be obtained from the pixel itself.

38

Examples are color and texture. High-level
features are features obtained from the
combination of low-level features. Examples are
edge and shape. But, the three of the most widely
used features are (i) color (ii) texture and (iii)
shape. Details of these features are discussed in
[26].

A typical CBIR system views the query
image and images in the database (target images)
as a collection of features, and ranks the relevance
between the query image and any target images in
proportion to feature similarities. Images with
high feature similarities to the query image may
be very different from the query in terms of the
interpretation made by a user. This is referred to
as the semantic gap, which reflects the
discrepancy between the relatively limited
descriptive power of low level imagery features
and the richness of user semantics [17]. Statistical
classification methods group images into
semantically meaningful categories using low
level visual features so that semantically-adaptive
searching methods applicable to each category
can be applied [19, 20, 16, 21]. The Simplicity
system [16] classifies images into graph, textured
photograph, or non-textured photograph, and thus
narrows down the searching space in a database.
There has been work on attaching words to
images by associating the regions of an image
with object names based on region-term co-
occurrence [22]. And semantically precise image
segmentation by an algorithm is still an open
problem in computer vision [23, 24].

Cluster based retrieval of images by
unsupervised learning (CLUE) is an important
CBIR technique based on unsupervised learning.
CLUE retrieves image clusters by applying a
graph—theoretic  clustering algorithm to a
collection of images in the vicinity of the query.
Clustering in CLUE is dynamic.

In this paper, we propose a CBIR system that
is also based on unsupervised learning. Color
features are computed by color moment and color
histogram [2, 3]. Shape features are calculated
after images have been segmented into regions or
objects [4, 5]. Shape information is captured in
terms of edge images computed using Gradient
Vector Flow fields [6]. Invariant moments are
then used to record the shape features [7]. The
proposed system sums up the values of color and
shape features, after applying the threshold, for
assigning weights to different images. On the
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basis of these weights, the relevant images are
extracted from the image database.

3. UNSUPERVISED CONTENT BASED
IMAGE RETRIEVAL

A CBIR system based on CLUE is shown in
Figure 2. In this, the retrieval process starts with
feature extraction. The features for target images
(images in the database) are usually computed
beforehand and stored as feature files. Using these
features together with an image similarity
measure, the resemblance between the query
image and target images are evaluated and sorted.
Next, a collection of target images that are
“close” to the query image are selected as the
neighborhood of the query image. A clustering
algorithm is then applied on these target images.
Finally, the system displays the image clusters
and adjusts the model of similarity measure.

The major difference between CBIR system
based on CLUE and the other two CBIR systems
lies in the two processing steps, selecting
neighboring target images and image clustering,
which are the major components of CLUE[18].

Query lmage
| |
i Select Toages ||
. i
Image Sored Feaure. 411 Neghbeng |~ Chsterng | |
Seamentation Fles I lmages i
| i
| I
| i
Feature
Extracnfn Visualization
Compute Sort Result
Stmilarity

Figure 2. A CBIR system based on CLUE

There are two simple methods to select a
collection of neighboring target images for query
image [16].

e Fixed-radius method (FRM) takes all
target images within some fixed radius €
with respect to i For a given query
image, the number of neighboring target
images is determined by e.

o Nearest-neighboring method (NNM)
first chooses k NN of i as seeds. The r
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NN for each seed is then found. Finally,
the neighboring target images are
selected to be all the distinct target
images among seeds and their » NN, i.e.,
distinct images in k(r+1) target images.
Thus, the number of neighboring target
images is bounded above by k(r+1).

In the field of computer vision, two types of
representations are widely used. One is called the
geometric representation, in which data items are
mapped to some real normed color space. The
other is referred to the graph representation
emphasizing the pair wise relationship. Graph
representation of neighboring target images is as
follows.

Nearest Neighbors Method

k=3, r=4 a
Figure 3 Example of Nearest Neighbor
Selection of Images

Figure 4 Example of Weighted Graph
Representation of Images

A set of n images is represented by a
weighted undirected graph G = (V, E).The nodes
V={1, 2, ...., n} represent images, the edge E =
{(G, ) 1 i,j € V} are formed between every pair
of nodes, and the nonnegative weight w;; of an
edge (i, j), indicating the similarity between two
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nodes, si a function of the distance(or similarity)
between nodes(images) i and j. Given distance
d(i, j) between images i and j, the nonnegative
weight w;; is given by
-d(i,j)’
2
w;=e

where, s is a scaling parameter that needs to be
tuned to get a suitable locality. The choice of
exponential decay is based on support from
psychological studies. The weight can be
organized into a matrix W, named affinity matrix
with ijth entry given by wy

Under a graph representation, clustering can
be naturally formulated as a graph partitioning
problem. The CLUE wuses spectral graph
partitioning methods called the normalized cut
(Newt) method for image clustering. A graph
partitioning method attempts to organize nodes
into groups so that the within-group similarity is
high, and/or the between-groups similarity is low.

Given a graph G = (V, E) with affinity
matrix W, a simple way to quantify the cost for
partitioning nodes into two disjoint sets A and B
(ANB=a®and A J B=V)is the total weights
of the edges that connecting the two sets. In graph
theory, this cost is called a cut

cut(4, B) =

which can also be viewed as a measure of the
between-groups similarity.

Figure 5 Normalized cut of weighted graph of
Images

Finding a bipartition of the graph that
minimizes this cut value is known as the
minimum cut problem. However, the minimum
cut criterion favors grouping small sets of isolated
nodes in the graph because the cut defined above,
does not contain any within-group information.
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This motivates several modified graph partition
criteria including the Ny,

cut(A,B) N cut(A,B)
cut(A,V) cut(B,V)

An unbalanced cut would generate a large Ny
value.

Finding a bipartition with minimum Ny
value is an NP-complete problem. Shi and Malik
[27] proposed an approximated solution by
solving a generalized eigenvalue problem

Ncut =

(D-W)y= ADy

Where W is an 7 X n affinity matrix, D = diag[s;,

$2,--., Sn] 1S a diagonal matrix with s =

Given a graph representation of images G =
(V, E) with affinity matrix W, let the collection of
image clusters be {C, C,, ..., Cy}, which is also
partition of V, i.e.,

CNCj=0fori+# j and U:;lci:V.

Then the representative node (image) of C; is
> wi
jeCiteCi

which can also be viewed as a measure of the
between-groups similarity.

arg max

Now, we propose the architecture of a CBIR
system based on unsupervised learning as shown
in Figure 6. The major difference between the
proposed CBIR system and the CBIR system
based on CLUE lies in the stored features files. In
the proposed CBIR system, we store the values of
features in the stored features files after
combining values of shape and color features of
an image with the 80% & 20% (for sketch
diagram) threshold. In other words, we take 80%
& 20% (for sketch diagram) of the total value of
color features and 80 % of the value of shape
features for an image and combine the two values
and store that combined value into the stored
features files as the feature values for the image.
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Mode! for CBIR System

Query Image
(Compressed
Form i.e. same
pixel format)

v

Image -
Segmentation
Feature
Extraction

Compute
Similarity

Select Tmage
Neighboring 2| Clustering

Image

H Sort Result

Euclidean
Distance
between
different

Images
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Mode! for CBIR System

Query Image
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same pixel
format)
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Figure 6 (a) & 6 (b) The Proposed CBIR
system
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ABSTRACT: Flow assurance in deep-water developments has been identified as one of the main technological
problems that the oil and gas industry faces today. Extreme conditions such as high pressures and low temperatures
promote the formation of gas hydrates that can potentially reduce or completely block the flow path, causing severe
financial losses. This work presents an integrated framework of model-based flow assurance management strategy to
handling the effect of hydrates. The model-based flow assurance framework determines the operational limits of the
production system to avoid the effect of hydrate plugs in the event of unplanned shut-in. P-T curve generated with a
PVT sim software using Peng Robinson equation of state predicted the temperature — pressure operating envelop of
the system. A Hot Oil return Temperature of 40°C at the topside of the FPSO was determined with a suitably
selected insulation material type and a minimum flow rate of 20,000bpd was determined. The analyses on how long
the production system can sustain the available heat in the event of unplanned shut-in before a restart was done and
a 10hr flowline cool down was achieved. A maximum of 3.5hrs of blowdown was also determined for the
production system, which satisfies the analyses with three different water cuts- 0%, 50% and 70%. The framework
is implemented in a state-of-the-art modelling tool (OLGA). The above analyses on these different scenarios are
geared towards defining the operating limit of the subsea production facilities to preventing hydrate from forming
during unplanned shut-in.

[Usman, M.A. Olatunde, A.O, Adeosun T.A and Egwuenu, O.L. HYDRATE MANAGEMENT
STRATEGIES IN SUBSEA OIL AND GAS FLOWLINES AT SHUT- IN CONDITION. Academia Arena,
2012;4(2):42-54] (ISSN 1553-992X). http://www.sciencepub.net. 7

Key words: Flow Assurance ,Hydrate, Peng Robinson, Hot Oil Return, Olga, Blowdown

INTRODUCTION multiphase flow lines from remote facilities in
The concept of flow assurance is the ability to deepwater environments. These are multiphase fluids
produce fluids economically from the reservoir to the area combination of gas, oil, condensate and water.
production facilities over the life of the field and in all Together with sand scales, they have the potential to
conditions and environments. It governs the success of cause many problems including  hydrates,
the fluid movement from reservoir to point of sale. A wax/asphaltene.
clear understanding of the concept helps to ensure that Gas hydrates are solid crystalline compounds
any development plan from exploration through formed by the physical combination of water molecules
production and abandonment of any field is technically and certain small molecules of hydrocarbon gases
viable and designed for optima, operation throughout (primarily methane, ethane, propane, CO, and H,S),
the field’s life. Flow assurance involves: under pressure and temperature considerably above the
understanding the subsurface, fluid sampling and freezing point of water. Hydrates are formed when the
analysis, well and facilities design, production temperature is below a certain degree in the presence of
operations  including  surveillance,  production free water.  This temperature is called Hydrate
architecture, interaction among the reservoirs, the wells, formation temperature. Hydrates are like snow in
the pipelines and the process facilities and the appearance but not as solid as the ice. Water molecules
challenges these interaction may present. forms the main framework of the hydrate crystal while
The term flow assurance can also be associated the gas molecules occupies void spaces -cages in the
to the evaluation of the effects of fluid hydrocarbon water crystal lattice They continue to be the most
solids (i.e asphaltene, wax and hydrate) and their prevalent flow assurance problem in offshore oil and
potential to disrupt production due to disposition of gas operations: an order of magnitude worse than
inorganic solids arising from aqueous phase (i.e scale) waxes and asphaltenes. The risk of hydrate plugging
also poses a serious threat to flow assurance. The increases as the oil and gas industry move into deeper
recent trend to deepwater developments, future oil and water with corresponding higher pressure from the
gas discoveries increasingly will be produced through additional liquid head and to longer tie backs in which
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the production fluids cool deep into the hydrate
stability zone.

The energy industries worldwide incur financial
expenses estimated to US$220 million annually
(P.K.Notz, Personal communication) for the purchase
of methanol for hydrate prevention. Moreover several
financial penalties are paid for large methanol storage
capacity on offshore platforms and for greater than

50p.p.m methanol contamination in refinery feedstocks.

The above analysis of the cost of hydrate prevention
shows that about US$600,000 are spent daily
worldwide. This is considerably minimal compare to
estimated US$6.4 trillion (80million barrels pd of oil
production worldwide) generated from oil production
on daily basis which could be lost due to total plus off
of production system by hydrated if allowed to form.

This work presents an integrated framework of
model-based flow assurance management strategy to
handling the effect of hydrates. The model-based flow
assurance framework determines the operational limits
of the production system to avoid the effect of hydrate
plugs in the event of unplanned shut-in.

CASE STUDY- A NIGERIAN OIL FIELD STUDY

A typical Nigerian Oil Field Location was
studied and used for analyses on how flow assurance
challenges as it affects hydrate could be managed in the
case of unplanned shut-in in a subsea production
flowline Stated below are the relevant information
extracted from the field studies;

FIELD LOCATION

The Field development lies offshore Nigeria,
located at approximately 120 Kilometres south of
Nigerian shoreline adjacent to Bonny Island in water
dept ranging between 720 — 860 meters. The field is
currently being developed by over 15 production wells
producing back to FPSO with about 2,000,000 barrels
storage capacity via subsea production manifolds and
production flowlines, for processing before production
exports to offloading tankers via a buoy. The field is
supported by 8 water injection wells and 9 gas injection
wells. The field development comprises of 4 umbilicals
for distribution of chemicals, hydraulic controls and
power  supplies through retriecvable  sub-sea
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distribution/control  units. The field are being
developed with 5 drilling centres, DC-01 — DC-05
distributed unequally between two flowline loops.
There is one offline subsea production Manifold (SPS)
at each drill centres. This provides the facility with the
direct tie-in of 4 wells.

The trees in the subsea field lie along two
production flow loops, two water injection flow lines
and one gas injection flow line. It comprises of three X
mass trees:

e  Production
e  Water Injection
e  @Gas Injection

All the subsea trees are dual bore type 57 x 2
normal size, rated at API 5,000 psi (accounting for
external hydrostatic pressure). All the subsea trees will
be installed with tree guide bases and 18 3/4” 10,000
psi wellheads.

The Field Layout

The overall field layout was developed from
subsea to topsides to respect the constraints given by
the production and injection systems.

In summary the production system consists of

e Spread moored FPSO in 760 m water dept

e 2 X 10” ID production flow loops (PIP
flowline or bundle).

e 4 X 10”7 ID production risers (flexible
catenary riser).

e 4X 2.5” ID gas lift injection riser connected to
production line riser base.

e 16 oil producers on 2 production loops

o 2 future subsea production wells.

e Umbilicals: 2 per production loop/ water
injection line and 1 per gas injection system
(methanol lines are incorporated in the
umbilicals)

Well Arrangement

Tables 1 and 2 below shows, for each
production loop, the distribution of the oil producer
wells within each branch of the flow loop.
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Fig 1: The overall Field Layout

Fig 2: Well Arrangements
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Table 1: North Loop Well distribution

Loop Drilling Well TVD (M) Branch Reservoir Reservoir
Centre Series pressure
(bara)
P630-1 -2807 Right
DCO1 P6052 5438 Left R-600N 273.8
P500-4 -2441 Left
DC02 P500-5 2168 Right R-500 NC 2535
North P630-4 -2668 Left R-600 N 273.8
P500-1 -2344 Right
P500-2
DCO03 P5003 2461 Left R-500 NC 253.5
P500-9
Table 2: South Loop Well distribution
Loop Drilling Well TVD (M) Branch Reservoir Reservoir
Centre Series pressure
(bara)
-2306 Right R-500 NC
P605C-1 (HOLD) N/A
DCo4 P500-7 -1746 Right R-500 S’
South P605-8 (HOLD) Left
P605-1 -1803 Left R-605 S
DCO5 -2590 Right R-605 C (HOLD)
P630-9 -2293 Right R-635 S
P670-1 -2126 Left
PRODUCTION LINES CHARACTERISTICS
Thermal Properties
Table 3: Material Characteristics
. . 3 Specific Heat Capacity
Material K value (W/mK) Density (kg/m”) (I/ke’C)
Polypropylene (inner layer) 0.240 920 1700
Carbon Steel 45.000 7850 470
Gel 0.170 850 2000
Insulation 0.165 710 1500
Wall definition
Table 4 : The wall material and thickness to be used in all the hydraulic analyses
Pineline / Section 1D W.T Insulation Insulation Thickness
P Inch (mm) Inch (mm) Type (mm)
Flexible production Riser 10 (254.0)
Production Flowline 10.5 (266.7) 1.25(31.8) Insulation 80.0
Production Jumper 7.4 (189.1) 0.59 (15.0) Insulation 88.9
Manifold 5.2 (131.7) 7.5 (190.5) Insulation 88.9
Well Jumper 5.2 (131.7) 0.719 (18.26) Insulation 88.9
Well Spool (HOLD) (HOLD) (HOLD) (HOLD)
Tree 5.1 (130.3) 7.5 (190.5) Insulation 88.9
Tubing 5.5(139.7) 0.36 (9.17) Gel 39.47
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Table 5: Overall Heat Transfer Coefficients

SPS Location U VALUE (W/m’K)
Tubing 5.8
Tree 8.2
Well Jumper 34
Manifold 8.2
Production Jumper 2.9
Flowline 3.0
Riser 3.2
Production Flowlines
Table 6: Production Flowline Data
Production Flow Loops Total length 38.8 km
North Flow Loop length 14.3 km
South Flow Loop length 24.5 km

Internal Diameter

10.5 inch (266.7 mm)

Wall Thickness

1.25 inch (31.8 mm)

Pipe Material

Carbon Steel

Insulation Thickness

3.0 Inch (80 mm)

Insulation Material

Insulation (see Table 4-3 for properties)

Internal Roughness 46 pm
Production Riser

Table 7: Production Riser Data

Internal Diameter 10 inch (254 mm)
Wall and Insulation Thickness 97.7 mm

Internal Roughness 1.016 pm

RESERVOIR DATA

Reservoir pressure

The reservoir pressure for the four reference reservoirs used in this paper. These four main reservoirs are

considered representative for this field.

Table 8: Reservoir Pressure

Reservoir Reservoir Pressure (bara) TVDSS (m/msl)
R-500NC 235.5 2419
R-600N 273.8 2332
R-605S 230.3 1855
R-635S 209.7 2162

Reservoir Temperatures

The reservoir temperatures, at depth, from each of the four reference reservoirs are presented below.

Table 9: Reservoir Temperatures

Well MD (m) TVD (m) Temperature (°C)
P500 1 2638 2275.6 77.2
P500 2 2332 2256.3 76.5
P500 3 2829 1921.0 64.6
P500 4 2496 2122.4 72.0
P500 5 2136 1909.8 64.2
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P605C 1 3010 2360.7 80.2
P605C 2 3102 2419.5 82.3
P605_1 1584 1576.3 51.6
P605 2 2175 2167.1 73.4
P605_3 2319 1881.0 60.4
P605 4 2319 1881.0 60.4
P630 1 2609 2609.0 90.7
P630 4 2416 2386.8 82.0
P630_5 2014 1847.7 62.0
P670 1 2205 1955.8 65.8
P670 2 2029 1739.9 58.2
Well Productivity Index

The well productivity index assumed for all simulation is oil PI of 10 bpd/ psi. The table below shows the

fluid data for the four reference reservoirs to be used in all hydraulic analyses for the field development.

Table 10: Fluid Characteristics

Reservoir Characteristics

R-500 NC R-600 N R-605 S R-635 S
Bottom Hole Pressure (bara) 253 269 210 230
Bottom Hole Temperature ("C) 81 76 56 67
Saturation Pressure (bara) 245 263 200 225
GOR (Sm’/Sm”) 189 186 135 80
Bo Process (Sm’/Sm’) 1.54 1.50 1.35 1.20
MW dead Oil (g/mole) 167 172 190 250
Reservoir Viscosity (cP) 0.28 0.34 1.0 2.3
Bottom Hole Density (kg/ m’) 660 684 741 820

FLUID COMPOSITION

A unified compositional PVT model was built and matched on experimental data from the four main
reservoir fluids that made up the field. The well fluid compositions are shown table 11.

Table 11: Reservoir Compositional data

Component Reservoir Composition (% mole)
R-500 NC R-600 N R-605 S R-635 S

N, 0.00 0.10 0.00 0.00
CO, 0.18 0.58 0.61 0.18
Cl 47.63 48.26 41.29 44.19
C2 5.18 7.02 2.98 1.92
C3 5.53 4.11 4.83 1.50
1C4 1.58 1.19 1.56 0.49
NC4 2.87 1.79 3.22 0.83
IC5 1.75 1.43 2.16 0.62
NC5 1.31 1.01 1.31 0.38
C6 3.43 3.06 3.86 1.25
C7 4.23 3.37 4.24 1.71
C8 3.69 3.61 4.16 2.19
C9 2.99 3.19 3.71 2.85
C10 2.49 2.42 3.15 2.50
CNI1 10.50 12.20 8.00 22.50
CN2 4.85 3.50 13.80 4.80
CN3 1.80 3.19 0.93 12.09
MW Reservoir Fluid 79 81 98 138
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PROJECT DESCRIPTION

No H,S was detected in the initial reservoir fluid, but the maximum H,S content to be used for design is
currently evacuated at 100 ppmv. This project intended to consider a subsea close loop flowline from the well head
up to the riser above the sea water level. The flowline has multiphase fluid from the well head to the process facility.
The ambient temperature of the subsea environment is at 4°C and at a high pressure necessitated by the water head.
The Bottom Hole Pressure (BHP) about 260 bara, is assumed to be the highest pressure of the designed subsea
system. The diagram below is the actual arrangement of subsea flowline systems from the well head through to the
top- side.

Topsides

Choke @ 20 bar
Valve

Tsea, max = 298K Rlser

Tsea, min = 278K &~ -

Wet Flowline
Tree

Wellhead
@ 200 bar, 300K

Fig 3: The above is a Schematic representation of the Sub sea flowline — Riser physical arrangement

DESIGN CONDITIONS
Design Assumptions
1) Length of Flowlines
2) Temperature along the pipe length
3) Heat conduction coefficient
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Design constraints

Multiphase flow liquid

Bottom Hole Pressure as the highest pressure ( Over 250 bar)
Field floor temperature is 4°C

The Hot Oil Return Temperature is at 40°C

Flowline cooling to HDT in 10hrs

Riser base is the weakest point

U value is = 3.0 W/m’K

Conditions that necessitates Hydrate Formation

High pressure

Low Temperature

Presence of free water and gas molecules

Natural gas at or below its water dew point

High velocity or Agitation

Presence of more soluble acid gasses such as H,S and CO0,

DISCUSSION OF RESULTS

Pressure temperature gas hydrates curve is generated at in-situ conditions using fluid characterisation
software- PVTsim. The unified PVTsim model matched the combined fluid from the reservoirs. Peng Robinson
Equation of State (EQS = PR 78 Peneloux) was used to generate the model fluid characteristics. PVTsim gives
conservative hydrate formation check curve.

4.5
4.6
4.7
4.8

300

200

Pressure, bara

50

Hydrate PT Curve
R500_NC 11 EOS = PR 78 Peneloux (T)

0.0 5.0 10.0 15.0 20.0 25.0

Temperature, °C

—— 0.000 mol inhib/mol spec w ater

Hydrate stability region Hydrate free region

Fig. 4: Pressure- Temperature curve
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The pressure — temperature curve is generated considering the reservoir pressure —about 260 bar as the
highest pressure and taking the corresponding temperature which forms the HDT. It defines the temperature —
pressure envelope at which the system must operate in a steady state and transient conditions in order to avoid the
possibilities of hydrate formation. The region to the left of the graph is the hydrate stability region. The stability of
hydrates increases with increase in pressure and decrease in temperature. While to the right of the graph is referred
to as hydrate free region, at which the system shall operate to avoid hydrate formation. The project flowline was
analysed for hydrate formation during steady state normal operations.The flowline temperature profile and hydrate
subcooling temperature profile is shown in the graph below.

Flowline Temp and Hydrate Subcooling @ Steady State

180 (o]
160 -20
140 -40
o o
- \t
s Q
120 8 > -60
a === TM DC4-FPSO[°F] [FLUID TEMPJ] '5
=) === DTHYD DC4-FPSO[°F]
=d
[
100 — | -80
Flowline Lenght (M)
80 T T T -100
(o] 5000 10000 15000 20000

Figure 5- Flowline Temperature Profile in Normal Operations

At steady state normal operations the minimum flowline temperature anticipated is at the top of the riser is
120°F. The OLGA variable DTHYD is the hydrate subcooling temperature, which is the difference of the hydrate
formation temperature and the insitu fluid temperature. A negative DTHYD indicates that hydrate formation would
not be an issue of concern at steady state normal operations. This also implies that the selected insulation type is
adequate at steady state normal operations. The project flowline is analysed based on unplanned shut-in transient
condition for hydrate formation during operations

PROCEDURES
e  Configure flowline with three different insulation type as shown below

Table 12: Insulation Type Material for Flexibility at FPSO Arrival

INSULATION COMPARISON
THICKNESS OHTC (Ui ) [Btu/ft2-h-
MATERIALS | (inch) F]
TYPE A 3.00 0.49
TYPE B 4.00 0.41
TYPE C 5.00 0.36
WT of steel pipe 1.25 inch

50



Academia Arena, 2012:4(2) http://www.sciencepub.net

e Produce a single well at minimum flow rate at 20,000 bpd

e Monitor oil return temperature at the top Side of FPSO @ 40°C

A sensitivity study was done to get the type of insulation which would give the required hot oil temperature at
the FPSO. The required hot oil temperature is 40 °C. A different insulation type of the flexible material at a supply
flowrate of 20,000 bbl/d was studied.

The result of the simulation analysis shows that from the three insulation type looked at, it takes approximately
20 hours to heat up the flow line to achieve the required return temperature at FPSO topside. The difference in time
required for the three insulation types to attain the return temperature is negligible. But, type A insulation material is
selected since it has lower U-value and lower cost.

Hot oiling is a process of pre-heating the process facility (oil flowlines) with hot oil before actual production
processes commenced to avoid hydrate formation. In the process heat is transferred from the hot oil to the flowline
thereby keeping the flowline at a certain temperature before the actual production process begins. Otherwise there
will be temperature drop which will lead to hydrate formation in the production flowline.

Hot oiling Return temp@the FPSO as a function of

time
at a supply flowrate of 20,000bbld and 160°F for different insulation
types
60
50
4 === == === = === === ===
©)
o))
3
E 30 TYPEA
£ /
2 ’ TYPE B
20
TYPE C
10 A
= = = Required FPSO return temp 400C
0 ‘ ; ; ; ; ; ; : |
0 10 20 30 40 50 60 70 80 90

Time (hours)

Fig .6: Hot Oil Return Temperature for Different Insulation Type Material.

The three insulation type materials satisfy the FPSO required return temperature at 40°C. Type C material gives
the highest return temperature.

Flowline Cool Down Profile
e Achieve steady state production process
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e  Unplanned shut-in well and flowline

e  Monitor the flowline temperature profile over time

The flowline was analysed for hydrate formation during shut down cool down at long intervals of time. As
highlighted a flowline cool down to 10 hrs is required to be satisfied in the flow design. This condition is
achieved with the insulation material selected which has a U-value of 3.0W/m’k. The flowline, production

system should be able to retain and sustain heat up to 10 hours. The graphs below show flowline profile
temperatures at different cool down times.

Flowline Cooldown Profile plot as a Function of OHTC and Time
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Fig 7: Flowline Cooldown profile

At cool down time Ohr corresponding to flowline shut-in, the temperature ranges profile ranges from 150°F
to 110°F as shown in curve A in the graph above.

Also, at cool down time Shrs corresponding to flowline shut-in, the temperature ranges profile ranges from
130°F to 90°F as shown in curve B in the graph above.

Furthermore, at cool down time 10hrs corresponding to flowline shut-in, the temperature ranges profile
ranges from 95°F to 75°F as shown in curve C in the graph above.

The pockets along the slope of the graphs signify more Gas accumulation within those areas compare to
other parts along the production flowlines. Gas expands more rapidly than liquids.

From the graphs, it is established that the system gives 10hrs for cooldown without the system temperature
falling below HDT. This also infers that the system offers a maximum of 10hr within which to manage the risk
of hydrate formation in the event of unplanned production system shut-in.

Flowline Blow Down Operation
e  Production at steady state is achieved
e  Unplanned shut-in due to sudden disturbance in the production system

52



Academia Arena, 2012:4(2)

http://www.sciencepub.net

Simulate production shut-in condition

shut- in condition

Allow No Touch- Time of 3 — 4 hrs. This is a suitable time necessary to understand the nature of the

If production system cannot be restarted after No Touch- Time, blow down flow line to HDP

The system simulation shows that it will take approximately 3.5hrs to blowdown the system to a safe
pressure well above Hydrate formation pressure (HDP) in the event of unplanned shut-in.. This simulation
is carried out from different water cuts of 0%, 50% and 70% as shown in the graph below.

2250

Pressures at furthest drill center after flowline blowdown
as a function of water cut
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Fig 8: The blowdown pressure against time

A hydrate dissociation pressure of 150 psia (10.4
bara) is anticipated. From the PT- hydrate curve this
would have to correspond to a temperature of less than
5°C to form hydrates, (<5°C, 150 psia) Analysis from
the P-T curve inferred that the operating temperature of
the flowline at any given time must not fall below the
HDT- 74°F. This is with only an exception of the use of
hydrate inhibitors such as MeOH.

Type A insulation is recommended since it
satisfies all flow assurance requirement of Oil Return
Temperature of 40°C with minimal cost in the
production system.

The system can sustain life fluid for a period of
10hrs on an event of unplanned shut-in. On the other
hand, the life fluid should not be allowed to remain in
the flowline for more than 10 hrs uninhibited otherwise
hydrate will form. A blowdown of 3.5hrs is required on
this project to keep the production system free from
hydrate plug. But, if blowdown is not feasible may be
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due to water hold up or steep flowline situations, then
dead oiling is recommended.

CONCLUSION

The flow assurance challenges in this projects
production system in terms of hydrates are well
addressed and taken care of if these findings are
adequately and strictly adhered to:
Operating temperature of the production system
must always be above 74°F- HDT
Operating pressure of the production system
must always be above 150 bara- HDP
FPSO Hot Oil Return Temperature at 40°C at
the top side
The life fluid should not be allowed to remain
more than 10hrs uninhibited in the flowline in
the case of unplanned shut-in
A blowdown time of 3.5hr maximum in the case
of sudden shut-in
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GLOSSARY
The following terms are referred to in this
Technical work:
CHC = Cameron Horizontal Connector
Cv = Valve Characteristics
DC = Drilling Centre
FPSO = Floating Production Storage and Offloading
Unit
ILT =In line Tee
FWHP = Flowing Well Head Pressure
FWHT = Flowing Well Head Temperature
GOR = Gas to Oil Ratio
MD = Measured Depth
MSL = Mean Sea Level
PI = Productivity Index
PIP = Pipe in Pipe
ROV = Remotely Operated Vehicle
SPS = Subsea Production System
SRB = Sulphate Reducing Bacteria
TOP = Touch Down Point
SOU = Subsea Distribution Unit
SPS = Subsea Production System
SUT = Subsea Umbilical Termination
TVD = True Vertical Depth
WTHP = Well Tubing Head Pressure
WTHT = Well Tubing Head Temperature
XMT = Christmas tree
BIT = Bundle Insulation Test
b/d = Barrels per day
FPSO = Floating Production Storage and Offloading
FSM = Field Signature Method
GOR = Gas-Oil-Ratio (Sm3/m3)
MDT = Modular Dynamic Tester
mScm/d = Million standard cubic meter a day
OCWR = Overall Control of Wells and Risers
OHTC = Overall Heat Transfer Coefficient
OPEX = Operation Expenditures
ppm = Parts per Million
QC = Quality Control
QRA = Quantitative Risk Analysis
RAM = Reliability, Availability and Maintenance
SPS = Subsea Production System
TIT = Tower Insulation Test
UFL = Umbilical and Flowlines
CDT = Cool Down Time
HDT = Hydrate Dissociation Temperature
HDP = Hydrate Dissociation Pressure
HFT = Hydrate Formation Temperature
LDHI = Low Dosage Hydrate Inhibitors
MEOH = Methanol
SCSSV = Surface Controlled Subsea Safety Valve
SSAT = Steady State Arrival Temperature
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UFR = Umbilical Flowline Riser
VIT = Vacuum Insulation Tubing

DEFINITION OF TERMS

Hydrate Dissociation Pressure (HDP) is the
minimum pressure at which the system will operate
without hydrate plug formation in the production
system

Hydrate dissociation Temperature (HDT) is the
minimum temperature at which the system will operate
without hydrate plug formation in the production
system

Flowline cooling to HDT in 10hrs - This in effect
means that my production system should be able to
retain and sustain heat between 10- hours to keep the
system out of hydrate formation

U_value (W/m’K) - This is selected putting design
intension, cost etc into consideration The
lower the U-value the better the insulation and the
higher is terms of cost
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